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FREDERICK C. BISCH 
The Effects of Cold Storage on Osteoblast Viability and Interleukin-6 (IL-6) 
Production in Murine Bone Cell Culture 
(Under the direction of GRETCHEN B. CAUGHMAN) 

The objective of this study was to evaluate the effects of cold storage (4°C) on 

osteoblast viability and interleukin-6 (IL-6) production. Osteoblasts were 

harvested from murine calvaria utilizing sequential collagenase digestion and the 

Ficoll-Paque technique. Twelve-well plates were then inoculated with 2 X 104 

cells/ml and placed in cold storage for up to 14 days. The cells were then 

incubated at 37°C for up to 20 days. During the incubation periods supernatants 

were collected daily and the cells were evaluated for alkaline phosphatase activity. 

We developed an enzyme immunoassay (EIA) for IL-6 which was sensitive to 

50 pg/ml (standard curve r~ .996) with no cross reactivity with other recombinant 

murine cytokines. The EIA was th~n employed to assay the supernatants for IL-6 

production. Storage at 4 oc for up to 48 hours resulted in a pre9ipitous drop in 

IL-6 production. After 48 hours in cold storage there was no bone cell via~ility. 

INDEX WORDS: Interleukin-6, IL-6, osteoblast, refrigeration 
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INTRODUCTION 

The goal of periodontal therapy is the regeneration of the lost attachment 

apparatus (Sottosani et al. 1975). One surgical method which has been at least 

partially successful in the pursuit of this goal is the use of bone grafts. While the 

most predictable clinical results are currently obtained wi~h cancellous bone, hip 

marrow grafts, when free of complications (see below), are clearly superior to 

nonviable grafting materials (Dr. Gerald Bowers, personal communication). This 

is likely due to the osteogenic, osteoinductive and osteoconductive properties 

associated with: 1) undifferentiated cells or osteoblasts sutviving within the graft 

material to form new bone; 2) release of substances from the graft material that 

may stimulate new bone formation; and 3) nonviable cellular elements within the 

graft that may act as a scaffolding for new host bone formation (Hiatt et al. 

1971). 

Indeed, it has been hypothesized by some that the greatest factor in the 

initiation of osteogenesis by the host marrow is the necrosis of the transplant 

material (Butwell 1965; Schallhorn et al. 1970; Haggerty et al. 1971). This 

enables osteogenic substances such as transforming growth factor beta to be 

liberated, inducing pleuripotential mesenchymal cells in the area to differentiate 

into preosteoblasts and osteoblasts (Burwell 1965). Although the clinical results 
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with autogenous marrow were unparalleled, there were some problems associated 

with its use. A certain morbidity has been associated with the harvesting of 

autogenous marrow from the posterior iliac crest, such as post-operative bleeding 

and infection (Schallhorn 1972a and Schallhorn 1972b ). In addition, post-surgical 

root resorption has been associated with fresh autografts (Schallhorn 1972a ). A 

2.8% incidence of root resorption has been reported with the use of fresh iliac

bone autografts in humans (Dragoo et al. 1973). However, some investigators 

found root resorption up to 2 to 3 years post-surgically in approximately 20% of 

their fresh autogenous marrow graft cases (Dr. Gerald Bowers, personal 

communication). Other studies noted that root resorption occurred only when. 

the autogenous material was implanted within 3 hours of removal from the iliac 

crest (Schallhorn 1972a and Burnette 1972). 

Root resorption has been related to many factors including occlusal trauma, 

ankylosis, and orthodontic therapy (Schallhorn 1972b ). With all the cases of root 

resorption seen in humans, the resorption appeared to initiate at or coronal to 

the bony crest rather than immediately adjacent to the bony implant (Burnette 

1972 and Dragoo et al. 1973). Viable marrow elements could be present in this 

region and be related to the resorption phenomenon on the root (Schallhorn 

1972a). 

A review of the literature indicates that several factors are considered 

important when discussing root resorption. The first is the maintenance of 

viability of the marrow elements in the transplant (Schallhorn 1972a ). Cold 
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storage techniques are known. to hav~ a pivotal effect on cell viability (Schallhorn 

et al. 1970; Schallhorn 1972b; Bierly et al. 1975). Storage at 3-6°C in nutrient 

medium provides for cell maintenance at a depressed level of metabolic activity 

(Malinin 1966). Rapid freezing to -79°C has been associated with high cellular 

mortality due to lethal intracellular ice formation (Merryman 1956). Slow 

freezing to -79°C results in extracellular ice crystal formation, but in most cells 

there is no gross membrane rupture. Upon thawing many of the cells will show 

complete r~covery, however Merryman (1956) showed that the marrow stem cells 

are the only cells which do not sustain damage attributed to the freezing process. 

Some investigators believe that the apparent success of autogenous marrow .and 

cancellous bone grafts lies in the proper preservation of cellular structure until it 

is implanted (Butwell 1965 and Schallhorn et aL 1970). The ensuing cellular 

breakdown and release of inducing substances such as transforming growth factor 

beta, platelet-derived growth factor, bone morphogenetic protein-3, insulin-like 

growth factor-I and insulin-like growth factor-11 may then be keys to osteoblastic 

differentiation from surrounding cellular elements (Bierly et al. 1975 and Mundy 

1991). Refrigeration at 4°C can maintain graft viability for up to one week (Urso 

et al. 1957; Schallhorn 1972b; Sottosani et al. 1975; Bierly et al. 1975). Perhaps in 

those cases demonstrating root resorption, viability was maintained and 
• 0 

dentinoclastic activity was in some way triggered. It would be desirable to modify 

the marrow elements in some way so that its bone induction propeities would be 

retained while its dentinocl~stic activity would be curtailed (Schallhorn 1972a)~ 
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A second factor which may have bearing 9n the vulnerability to root 

resorption is the degree of root preparation which preceded implantation 

(Schallhorn 1972a and Dragoo et al. 1973). Tissue reattachment studies have 

indicated that when cementum is removed, dentin resorption precedes 

cementogenesis (Stallard et al. 1968). Thus dentin exposure alone or in 

conjunction with hematopoietic marrow grafts may potentiate aberrations of 

dentin resorption (Schallhorn 1972a ). Other ,less notable proposed causes of root 

resorption include chronic inflammation in the area and tooth mobility 

(Schallhorn 1972a; Dragoo et al. 1973; Sottosani et al. 1975). 

Osteoblasts are responsible for the synthesis of the components of the 

extracellular matrix and for priming the matrix for subsequent mineralization 

(Meyer 1984 ). They differentiate from local mesenchyme, specifically the 

periosteal lining cells in cortical long bones and from stromal cells in the m~rrow 

of trabecular bone (Nijweide et al. 1986 and Stashenko et aL 1989). 

Morphologically, osteoblasts are cuboidal cells, 15-30 microns in dimension. 

When actively engaged in protein synthesis, the osteoblasts have abundant 

endoplasmic reticulum, golgi, collagen-containing secretory vesicles, and an 

extensive communication network consisting of intercellular gap junctions allowing 

message transport between adjacent osteoblasts. The osteoblast is also 

characterized by a cytoskeleton made up of actin filaments running along the 

inner surface of the plasma membrane. 'This cytoskeleton plays an important role 

in the elaboration of extracellular materials (Rodan et al. 1983). 
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qsteoblasts isolated from calvaria are alkaline phosphatase-positive in culture 

(Rodan et al. 1983; Ecarot-Charrier et al. 1988; Bonucci et al. 1992). Enzymatic 

activity is low when these cells are seeded at low density (Bonucci et al. 1992); 

however, alkaline phosphatase activity increases with time and density in culture, 

apparently as the result of the maturation process (Rodan et 'al. 1983 and Ecarot-

Charrier et al. 1988). Mineralization will occur only inside multilayered parts of 

the culture. This suggests that expression of the osteoblast phenotype is related 

to cell density and that cell-cell interaction in the matrix may be required for the 

onset of mineralization (Ecarot-Charrier et ·al. 19~8). 

Alkaline phosphatase is ·a recognized marker for osteoblasts (Russell et al. 

1986 and Stashenko et al. 1989). The abundance of alkaline phosphatase in 

osteoblasts makes it possible to identify the osteoblasts in culture (Rodan et al. 

1983 and Ecarot-Charrier et al. _1988). Osteoblasts shed small vesicles derived 

from their plasma membranes into the extracellular matrix and these vesicles 

contain alkaline phosphatase. (Russell et al. 1986 and Bonucci et al. 1992). 

Alkaline phosphatase is a highly active cell surface ectoenzyme with a broa4 

substrate specificity towards many phosphomonoesters including A TP and 

inorganic pyrophosphate (PPi) (Russell 1976; Meyer 1984; Russell et al. 1986). In 
I 

humans there are at least three isoenzymes (alkaline phosphatase) coded for by 

different genes, the bone-liver-kidney enzyme, the intestinal enzyme and the 

placental enzyme (Rodan et al. 1983 and Bonucci et al. 1992). 
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Alkaline phosphatase is considered to be of primary importance to the 

mineralization process although its exact role is not clearly understood (Rodan et 

al. 1983). Although various functions have been proposed, the most probable role 

for matrix vesicle alkaline phosphatase is the removal of inhibitors of mineral 

formation, particularly PPi (Russell et al. 1986). PPi can inhibit precipitation of 

various calcium salts (i.e., calcium carbonate, calcium oxalate, and calcium 

phosphate) even when present at very low concentrations (Russell 1976 and 

Russell et al. 1986). In addition to its effect on precipitation, PPi retards the 

conversion of amorphous calcium phosphate into crystalline hydroxyapatite and 

inhibits the aggregation of calcium phosphate crystals (Russell et al. 1986). A TP 

and disphosphonates, like PPi, also stabilize the conversion of the amorphous 

phase and inhibit its subsequent conversion to hydroxyapatite (Russell 1976; 

Meyer 1984; Russell et al. 1986). The removal of PPi in vivo may be a 

prerequisite for normal mineralization. The pyrophosphatase activity of alkaline 

phosphatase may therefore be its most important function at physiological pH 

(Russell 1976; Meyer 1984; Russell et al. 1986; Ecarot-Charrier et al. 1988). 

Other identified osteoblast-specific molecules (and possible osteoblast 

markers) are related to matrix production. The major constituent of bone matrix 

is type I collagen (Rodan et al. 1983 and Russell et al. 1986). Bone contai~s 

about 10% non-collagenous proteins (Rodan et al. 1983). The most abundant is 

osteocalcin which makes up approximately half of the total non-collagenous 

proteins. The function of osteocalcin is unknown, but its synthesis and secretion 



is limited to the osteoblast (Rodan et al. 1983). Other non-collagenous proteins 

associated with osteoblasts include: 1) osteonectin which binds to collagen and 

hydroxyapatite and promotes or initiates crystal growth; and 2) alpha-2HS- . 

glycoprotein, a plasma protein which is synthesized in the liver and concentrates 

in bone (Rodan et al. 1983 and Meyer 1984 ). 

7 

Bone is continually broken down and renewed by changes in activity of the 

most differentiated cell stages of the bone-resorbing and bone-forming cells, the 

osteoclasts and osteoblasts. This process is referred to as "coupling". The initial 

step in bone remodeling is osteoclastic bone resorption. The osteoclast is the 

major bone resorbing cell with resorption on a bone surface lasting for a period 

of about ten days (Mundy 1989; Kurihara et al. 1990; Mundy 1991). Osteoclasts 

are formed from hematopoietic marrow precursors. Most evidence supports the 

opinion that the monocyte-macrophage and the osteoclast differentiation lines are 

distinct, but have an early progenitor in common (Russell et al. 1986). It has 

been shown that differentiated mature monocytes and macrophages are unable to 

form osteoclasts, and that monoblasts and promonocytes are the most likely 

candidates for osteoclast precursor cells (Burger et al. 1982). On the basis of 

enzyme activity the osteoclast may be separated into early precursors that are 

·tartrate-resistant acid phosphatase negative and late precursors that are tartrate

i·esistant acid phosphatase positive. Evidently the development of the tartrate

resistant isoenzYme for acid phosphatase is the step in the maturation of 

osteoclast precursors that precedes the last step in osteoclast formation, whi_ch is 
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fusion (Nijweide et al. 1986). The mechanism by which osteoclast precursors are 

stimulated to form a resorbing osteoclast is unknown .. A number of mechanisms 

have been proposed including cytokines, a response to local stress or loading 

within the skeleton, signals from other cells, "substances" associated with bone 

resorption and the bone matrix, or a change in the bone mineral surface (Malone 

et al. 1982 and Mundy 1989) .. 

It has been shown that osteoblasts ·are required for osteoclast development 

(Osdoby et al. 1986; rakahashi et al. 1988b; Stashenko et al. 1989; Kurihara et al. 

1990). Previous studies have shown that osteoclasts do not resorb bone if the 

osteoid layer is intact, nor do they resorb demineralized slices of cortical bone 

(Chambers et al. 1985a and Chambers 1985b ). The osteoid must first be removed 

by neutral collagenase which can be produced by osteoblasts, but not osteoclasts 

(Sakamoto et al. 1982). It is the osteoblast that is responsible for removing the 

osteoid coating many bony surfaces, and the osteoclast that removes the 

underlying mature hydroxyapatite-containing mineralized phase (Kahn et al. 

1987). Since osteoclasts are clearly capable of destruction of all the components · 

of mature bone, it is the contact with bone mineral, not osteoid, that induces 

osteoclasts to resorptive activity (Mundy 1991 ). This represents one mechanism 

by which the osteoblasts initiate osteoclastic bone resorption (Chambers 1985a). 

In addition it recently has become apparent that there is a myriad of factors 

which are likely to be produced in the environment of endosteal osteoclasts which 

could regulate osteoclast formation and activity. Namely, cytokines generated in 



the bone microenvironment can modulate osteoclast formation and activity 

(Mundy 1989). These cytokines may be generated by immune cells such as 

lymphocytes and monocytes in the marrow cavity, or by other bone cells, 

particularly cells of the osteoblast lineage (Rodan et al. 1983; Mundy 1989; Li et 

al. 1991; Hughes et al. 1993). 

9 

The mature multinucleated cell (osteoclast), actively engaged in resorption, 

reveals a distinctive appearance. The central area is elaborately folded (ruffled 

border) and interdigitates with bone crystals and with frayed collagen fibrils. This 

is surrounded by a clear zone of close apposition of the osteoclast to the bo;ne. 

The clear zone is rich in actin filaments and is free from organelles. It probably 

serves as a peripheral seal confining an inner' micro-environment into which 

lysosomal enzymes are extruded (Chambers 1985). The attachment of the· 

osteoclasis occurs directly to the mineral component of the bone, and the ensuing 

endocytic process principally involves dislodging and phagocytosing mineral 

crystals. Once attached the osteoclast resorbs bone by secreting lysosomal 

enzymes, so that the organic components of the matrix are digested in the 

extracellular space. Acid hydrolases are released into the resorptive lacunae, 

which are acidified by a proton pump within the cell membrane of the osteoclast. 

This not only provides the necessary low pH for enzymatic activity, but also may 

aid in mineral dissolution. The mineralized crystals then become dislodged and 

are phagocytosed by the osteoclasis and collected in cytoplasmic vacuoles where 

they are solubilized enzymatically (Chambers 1985b and Sterrett 1986). 
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Bone which is removed by osteoclasts is replaced by osteoblasts (Nijweide et 

al. 1986). The formation of new bone by osteoblasts is a prolonged process 

taking up to several months (Mundy 1989). The cellular events involved in bone 

formation include chemotactic attraction of osteoblast precursors to the site of the 

resorption defect, stimulation of proliferation of osteoblast precursors, the 

differentiation into mature osteoblasts which are capable of producing the 

structural proteins of bone (i.e., type I collagen and osteocalcin ), then 

mineralization of these proteins to form normal mineralized bone matrix (Rodan 

et al. 1983). 

The osteoblast is proposed by many as the central cell in bone remodeling 

since it not only lays down the matrix but also may control osteoclast activity via 

the release of soluble mediators (Rodan et al. 1983, Osdoby et al. 1986, Ku;rihara 

et al. 1990). The osteoclasts possess receptors for calcitonin, interleukin-6 (IL-6), 

and certain prostaglandins (Chambers 1985 and Akira et al. 1990) .. However the 

osteoblasts, rather than the osteoclasts, possess most of the receptors for 

resorptive hormones and cytokines, i.e. parathyroid hormone (PTH), 1,25-

dihydroxyvitamin D3, glucocorticoids, prostaglandins, interleukin-1 alpha and beta. 

(IL-l a and B), IL-6, and tumor necrosis factor alpha (TNFa) (Rodan et al. 1983, 

Mundy 1989, Li et al. 1991). This suggests that osteoblasts provide the signal to 

the osteoclasts to initiate the osteoclastic activity. One possible mechanism shown 

to contribute to bone matrix removal involves a change in osteoblast morphology 

after exposure to bone resorbing agents. The shape change permits access of the 
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osteoclast and osteoclast precursor cells to the mineralized matrix (Russell 1976). 

The resulting matrix digestion further enhances resorption by: 1) the release of 

collagen and osteocalcin important in the. recruitment of the osteoclast precursors 

and possibly idle osteoclasts; 2) the secretion of cytokines (i.e. IL-6) with 

osteoclast activating properties; and 3) the synthesis of collagenase by the 

osteoblasts to remove non-mineralized ~atrix (osteoid) (Rodan et al. _1981 ). 

Interleukin-6 is a multifunctional cytokine which may be a central factor 

involved in cytokine-mediated osteoclastic bone resorption (Kurihara et al. 1990 

and Mundy 1991). It is a factor produced by many cells in the marrow 

microenvironment, including macrophages, monocytes, T lymphocytes, stromal 

cells and osteoblasts (Kurihara et al. 1990 and Takahashi et al. 1994 ). In 

osteoblasts; IL-6 production is regulated by a number of factors including PTH, 

1,25-dihydroxyvitamin D3, IL-1B and TNFa (Mundy 1989 and Mundy 1991). A 

recent finding suggests that T cells may not be involved in the final IL-6-mediated 

step of B cell di~ferentiation directly. Instead, it is possible that T cells reg~late 

IL-6-producing cells via cytokines such as IL-2, IL-4, and interferon-gamma (IFN

gamma ); and that fibroblasts, endothelial cells, and macrophages may be 

important in B cell differentiation (Takahashi et al. 1994 ). The major function of 

IL-6 in the inflammatory process is as a protein mediator (Akira et al. 1990). 

lnterleukin-6 can induce bone resorption both alone or in combination with other 

bone resorbing agents (Ishimi et al. 1990). For example, studies show the 

production of IL-6 is induced in osteoblasts ·in response to local bone resorbing 
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agents such as IL-1a, IL-1B, TNFa and lipopolysaccharide (LPS) (Ishimi et al. 
( 

1990). Complex interactions occur between all of the cytokines in the bone 

resorption process. It is known that both IL-1B ~nd TNFa are potent inducers of 

IL-6 (Ishimi et al. 1990 and Littlewood et al. 1991 ). It has recently been shown 

that antibodies to IL-6 block bone resorption stimulated by IL-1B and TNFa, but 

do not interfere-with bone resorption stimulated by PTH or 1,25-dihydroxyvitamin 

D3 (Mundy 1991). Moreover, IL-6 markedly increases the hypercalcemic effects 

of IL-l in vivo (Mundy 1991). 

Interleukin-6 plays a central role in the regulation of resorption 

(Kurihara et al. 1990 and Blair et al. 1991 ). Osteoblasts produce IL-6 

preferentially in response to local bone resorbing agents such as LPS, IL-1B, and 

TNFa (Ishimi et al. 1990). In addition to IL-6's role in stimulating osteoclast 

formation and bone resorption, a recent finding suggests that IL-6 may also 

inhibit osteoblast differentiation (Kurihara et al. 1990 and Hughes et al. 1993). 

Interleukin-6 inhibited alkaline phosphatase reactivity in a dose-dependent 

manner and bone nodule formation was also reduced (Hughes et al. 1993). 

Therefore IL-6 seems to stimulate bone resorption in two ways: stimulation of 

osteoclasts and inhibition of osteoblasts. 

Interleukin-1 and TNF are potent inhibitors of bone formation. Their 

functions are widely overlapping but each shows its own characteristic properties 

(Akiria et al. 1990). Interleukin-1 is produced primarily by activated monocytes. 

There are two predominant forms of IL-l: IL-la and IL-lB (Kurt-Jones et al. 



13 

1990). Interleukin-1a is a membrane-active form while IL-1B is released via a 

secretory pathway which involves endosomes (Akira et at 1990). Interleukin-lB is 

the major form produced by the monocyte-macrophages in humans, while the 

potency of IL-la is three times IL-lB in the mouse (Ishimi et al. 1990). Both 

IL-l components recognize the same receptor and have the same biologic activity 

(Kurt-Jones et at 1990). Interleukin-1 stimulates osteoclastic bone resorption by 

increasing the formation of new osteoclasts from mononuclear marrow cells, and 

in addition activates mature osteoclasts to form resorption lacunae in bone. 

Interleukin-1 is the most powerful bone-resorbing protein currently known 

(Mundy 1989). Tumor necrosis factor a and B are the principal mediators of the 

host response to gram negative bacteria (Akira et al. 1990). Tumor necrosis 

factor a is produced by activated. macrophages and TNFB is produced by activated 

T lymphocytes (Mundy 1989). Both have biologic properties that overlap with 

those of IL-1B, although they are not as potent (Mundy 1989, Stashenko et al .. 

1989, Stashenko et al. 1991). The effects on osteoclastic bone resorption seem to 

be identical to those of IL-l (Mundy 1989). Each of these cytokines stimulates 

the proliferation and differentiation of osteoclast progenitors, and activates the 

preformed osteoclast indirectly through an intermediate cell in the osteoblast 

lineage (Mundy 1991). 

The effects of PTH and 1,25-dihydroxyvitamin D3 are similar. Both act ~n the 

osteoblast and result in decreased alkaline phosphatase activity, stimulation _of 

adenylate cyclase activity, inhibition of collagen synthesis, and stimulation of 
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calcium uptake (Rodan et al. 1983). When stimulated py either 1,25-

14 

dihydro:x:yvitamin D3 or PTH, the expression of the osteoblast type I interleukin-1 

receptor (type 1 IL-lR) is increased resulting in IL-l's ability to stimulate IL-6 

production even at low IL-l levels (Lacey et al. 1993). In addition, 1,25-

dihydro:x:yvitamin D3 appears to have novel effects on cells in the osteoclast line. 

The major effect is to stimulate the differentiation or fusion of committed 

progenitors to form mature multinucleated cells. It also acts on mature 

preformed osteoclasts to cause the formation of resorptive lacunae, although this 

action is probably indirect, since osteoclasts do not have 1,25-dihydro:x:yvitamin D3 

or PTH receptors (Rodan et al. 1983). 

Various storage media and temperatures have been proposed for the storage 

of fresh autogenous bone marrow (Billen 1.957, Schwartz et al. 1957, Urso et al. 

1957, Mannick et al. 1960, Seibert 1970, Hiatt et al. 1971, Burnette 1972, Lewis et 

al. 1976). It is speculated that hematopoietic marrow can be modified by storage; 

maintaining its bone-inductive properties, but inhibiting its dentinoclastic activity 

(Schallhorn 1972). Of particular interest are those that are available to the 

periodontal practitioner (Sottosani et al. 1975 and Bierly et al. 1975). If cold 

storage at 4°C (refrigeration) can modulate clastogenesis through the down 

regulation of osteolytic cytokines (IL-lB, TNFa, and IL-6) and concomitantly 

allow osteoblast differentiation and proliferation," then perhaps this promising 

treatment modality may enjoy unimpeded utilization in the future for the 

regeneration of lost periodontium. 



15 

Over 20% of the adult population has significant per1odontal disease requiring 

professional intervention to arrest the disease process. The treatment modalities 

presently employed in an attempt to regenerate the lost periodontium have had 

very limited success. To date, autogenous marrow has been associated with root 

resorption (Schallhorn et al. 1970). If a way to attenuate osteoclast activity while 

concomitantly maintaining the viability and activity of osteoblasts can be 

developed, then the routine use of autogenous marrow may become a reality. 

The objective of this project was to pursue an experimental approach to answer 

questions regarding osteoblasts and IL-6 production after periods of cold storage 

( 4 °C). The information gained could aid in resolving some of the complications 

which preclude the utilization of fresh autogenous marrow in periodontal therapy. 

The project involved 3 different phases. First, a reproducible technique for 

harvesting and growing bone cells was developed. Second, a sensitive ELISA 

·assay for IL-6 with no cross reactivity with other murine cytokines was produced. 

Third, the harvesting technique developed in part one was used to initiate primary 

bone cell cultures which were placed in cold storage ( 4 °C) for up to 14 days and 

subsequently incubated at 37°C (to simulate the oral environment) for up to 20 

days. Culture supernatants from control and experimental groups were collected 

daily and stored at -sooc for IL-6 immunoassay and on alternate days alkaline 

phosphatase activity and cell attachment were evaluated. 



MATERIALS AND METHODS 

PRIMARY BONE CELL CULTURE 

For the isolation of cells, frontal and parietal bones were obtained under 

aseptic conditions from the calvaria of 17- to 21-day-old inice pups (newborn) 

after cervical dislocation. The calvaria were temporarily placed in phosphate 

buffered saline (PBS) and then minced with lab scissors for 2 minutes. The 

PBS/calvaria mixture was then placed in a 15 milliliter (ml) centrifuge tube and 

centrifuged (Beckman model TJ -6 centrifuge) at 1800 rpm for 5 minutes at 20°C. 

The supernatant (PBS) was discarded. The pellet was digested 4 times by 

combining the calvaria fragments with a magnetic stir bar in a sterile 10 ml 

beaker with 3.0 ml 0.05% collagenase (Worthington Biochemical Corporation, 

Freehold, New Jersey) and stirred vigorously for 20 minutes at room temperature 

on a Corning stir plate. The supernatant digest containing the freed bone cells 

was poured into a 15 ml plastic centrifuge tube. Ten ml of alpha-Minimal 

Essential Medium (a-MEM) supplemented with 10-8M 1,25-dihydroxyvitamin D3 

and 10% heat-inactivated fetal bovine serum (FBS) was also added to the test 

tube. The mixture was centrifuged at 1800 rpm for ?.minutes at 20°C. The 

supernatant was discarded and the pellet resuspended in 10 ml of PBS. The 

combination was again centrifuged for 7 minutes at 1800 rpm. The supernatant 

16 
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'was disposed of and the pellet resuspended in 4.5 ml of a-MEM with 10-8M 1,25-

dihydroxyvitamin D3 containing 10% FBS. This mixture was gently layered on top 

of 4.5 ml Ficoll-Paque (Pharmacia LKB Biotechnology Inc., Piscataway, New 

Jersey). 

Digestions 1 through 4 were centrifuged with Ficoll-Paque at 1650 rpm for 40 

minutes at 20°C. The resultant huffy coats were added to 10 ml of PBS. The 

mixture was centrifuged at 1000 rpm for 10 minutes at 20°C, the supernatant was. 

discarded, and the pellet resuspended in 10 ml of PBS. The solution was again 

centrifuged at 1000 rpm for 10 minutes. The PBS was poured off and the pellet 

resuspended in 4 ml of the a-MEM with 10-8M 1,25-dihydroxyvitamin D3 with 

10% FBS mixture. 

Viable cell counts were determined using Trypan blue exclusion and counting 

the cells in a hemocytometer. Mter proper dilutioJl of the bone cell culture with 

a-MEM with 10-8M 1,25-dihydroxyvitamin D3 and 10% FBS mixture, 2 ml o~ the 

bone cell culture ~as added to each well of 12~well plates resulting in 

approximately 2 X 104/ml cells per well. Each of the wells of the 12-well plates 

contained a plastic cover slip, one of which was removed on alternate days for 

staining. 
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CELLULAR ATTACHMENT 

The cells were examined microscopically daily for growth. On alternative days 

cover slips were stained for alkaline phosphatase (Alkaline Phosphatase, 

Leukocyte Kit, SIGMA Chemical Company, St. Louis, MO) according to 

manufacturers directions. Alkaline phosphatase was to evaluate for both 

attachment and confluency using a subjective grading method explained on pages 

24 and 29. 

IL-6 ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA) 

The anti-mouse IL-6 monoclonal antibody (purified rat anti-mouse IL-6 

monoclonal antibody, PharMingen, San Diego, California) was diluted with 

coating buffer (0.1M Na HC03, pH 8.2) to a concentration of 2.0 ug!ml. 100 ul 

was added to the wells of an enhanced protein-binding 96-well ELISA plate, 

which was then covered and stored overnight at 4 °C. 

The plate was washed 6 times with PBS/Tw~en (0.5 ml of Tween-20 to 1 L 

PBS) using an automated plate washer. The wells were blocked with 300 ul of 

Mega Block III (Onasco Biotechnologies), covered and incubated at 4°C 

overnight. The plates were washed 6 times with PBS/Tween using the automated 

plate washer. 

The standard (Recombinant Mouse IL-6, PharMingen, San Diego, CA) was 

diluted with PBS/3% BSA serum (PBS solution: 80.0 g NaCl, 11.6 g Na2HP04, 

2.0 g KH2P04, 2.0 g KCl; q.s. to 10 L; pH to 7.0) to obtain a concentration of 
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50,000 pg/ml. For the standard curve, 100 ul PBS/Tween was added to each of 

the wells of the 96-well plate. Then 100 ul of the IL-6'standard (5,000 pg) was 

added to the first well of the serial dilution giving 2500 pg/100 ul. The sequential 

dilution for the standard curve was continued until the 2.5 pg/100 ul dilution is 

reached. The plates were covered and incubated at room temperature for 4 

hours. They were then washed 12 times with PBS/Tween using the automated 

plate washer. 

Biotinylated rat anti-mouse IL-6 monoclonal antibody (PharMingen, San 

Diego, CA) was diluted with PBS/3% BSA serum to 2.0 ug!ml and 100 ul added 

per well. The plates were covered and incubated at room temperature for 45 

minutes, then washed 18 times with PBS/Tween using the automated plate ( 

washer. 

Avidin-peroxidase (PharMingen, San Diego, CA) was diluted with PBS/3% 

BSA to obtain a 1 mg/ml solution. This concentration was further diluted 1:400 

with the PBS/3% BSA. 100 ul was then added per well. The plate was covered, 

incubated at room temperature for 30 minutes, then washed 24 times with 

PBS/Tween using the automated plate washer. 

ABTS substrate was thawed within 5 minutes of use. Eleven ul of 30% 

hydrogen peroxide (H20 2) was added to 11 ml of substrate and mixed thoroughly. 

Immediately 100 ul was added per well and the enzymatic reaction was allo~ed to 

proceed at room temperature for 20 minutes. The intensity of the resultant 

colored product was measured as optical density (OD) at OD 405 nm wavelength 



20 

after 20 minutes using the Anthos Reader 2001 (Anthos Labtec Instruments). All 

calculations of the standard cutve and extrapolations of IL-6 data were made with 

SlideWrite Plus, version 5 (Advanced Graphics Software, Carlsbad, CA). 

EXPERIMENTAL DESIGN 

Primary calvarial cells were cultured in 12-well replicate plates containing 

plastic cover slips (N = 15) and refrigerated at 4°C for up to 14 days. Each day 1 

replicate was removed from the refrigerator and incubated at 5% C02, 37°C for 

20 days. One replicate, serving as the non-refrigeration control, was placed 

directly in the 5% C02, 37°C incubator and followed for 20 days. 

Replicates were treated as follows: 1) cell culture coverslips were monitored 

daily for growth; 2) culture supernatants were collected daily and stored for IL-6 

immunoassay; 3) coverslips were evaluated on alternative days for cell 

attachment/growth and alkaline phosphatase activity; 4) every fourth day the 

medium of the replicates in the 5% C02, 37°C incubator was changed with 2 ml 

a-MEM with 10-8M 1,25-dihydroxyvitamin D3 and 10% FBS. 

STATISTICAL ANALYSIS 

Data were analyzed using the Kruskall-Wallis analysis of variance for 

differences among the study groups at P < 0.05. Differences between the groups 

were analyzed by Dunn's method. 



RESULTS 

BONE CELL CULTURE 

After 12 separate trials, bone cell cultures were standardized to 100 newborn 

murine calvaria per experiment. The 4 digested cell suspensions were recovered 

from the density gradients by collecting the huffy coats and combined into 1 

volume for cell culture plating. This provided approximately 2 X 104 

cells/ml in each well of the 12-well replicate plates. The number (and size) of 

mouse pup calvaria was determined to be a more reproducible indicator than 

counting cells stained with Trypan blue in a hemocytometer .. 

MORPHOLOGY 

By inverted light microscopy, the osteoblast-like cells were evident in culture, 

even unstained, as plump cells with abundant cytoplasm. These can be easily 

differentiated from fibroblasts which are small or compact spindle-shaped cells. · 

When stained for alkaline phosphatase activity, the osteoblast-like cells' stellate 

shape with numerous cytoplasmic extensions became more apparent. A single 

nucleus was e~centrically located in each cell (Figure 1 ). 
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Figure 1. Control osteoblast-like cells after alkaline phosphatase stain, 8 days old. 
Note :the positively stained cells with numerous cell processes. Original 
magnification 1 OOX 





23 

VIABILITY 

Microscopically monitoring viability by cell attachment during the 37°C 

incubations showed that bone cell cultures remained viable for up to 48 hours of 

refrigerated incubation ( 4°C). No cells were able to attach after incubation at 4°C 

for more than 2 days (bone cell cultures were monitored for up to 14 days at 4°C 

and then 20 days at 37°C). 

ALKALINE PHOSPHATASE ACTIVITY AND CELL CONFLUENCY 

Alkaline phosphatase positive cells stain different variations of red. Alkaline 

phosphatase activity of the control bone cells (placed directly into the incub~tor 

after harvesting) was present at day 2 and was demonstrated until day 16. The 

plates placed at 4°C for 24 hours and then placed into the 37°C incubator showed 

a delayed alkaline phosphatase activity, beginning on day 6. This activity was 

maintained until day 18. The plates kept for 48 hours at 4°C and then placed into 

the 37°C incubator became minimally alkaline phosphatase positive on day 10 

only. Plates kept for longer than 48 hours at 4°C showed no alkaline phosphatase 

activity since there were no attached (viable) cells (Table I, Figures 2-4 ). All 

fibroblast controls were negative for alkaline phosphatase activity at every time 

point (Figure 5). 

Control bone cell culture plates and plates kept for 24 hours at 4°C both 

became confluent at day 10 and remained confluent through day 20. For cultures 

kept for 48 hours at 4 °C, confluency was not achieved by the end of the twentieth 



Table I. Alkaline Phosphatase Activity of the Osteoblast-like Cells. 

Control 1 

4°C, 0 
24 hours 

4°C, 0 
48 hours 

0 = no stain 
1 = faint (light pink) 
2 = dark pink 
3 =red 
4 = burgundy 

1 

1 

0 

2 4 4 3 4 0 0 

1 2 2 2 4 4 0 

0 0 1 0 0 0 0 

24 

0 

0 

0 



Figure 2. Control osteoblast-like cells after alkaline phosphatase stain, 10 days 
old. Nate positively stained cells with color gradient from light pink to 
burgundy (scale 1-4). Original magnification 100X 





Figure 3. 24 hours at 4°C. Osteoblast-like cells after alkaline phosphatase stain, 
14 days old. Note positively stained cells in contrast to negatively 
stained cells. Original magnification 1 OOX 





Figure 4. 48 hours at 4°C. Osteoblast-like cells after alkaline phosphatase stain, 
14 days old. Note characteristic osteoblastic shape of negatively stained 
cells. Original magnification 1 OOX 



.. 



Figure 5. Control fibroblasts after alkaline phosphatase stain, 12 days old. Note 
spindle-shaped, negatively stained fibroblasts. Original 
magnification 1 OOX 
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day (Table II). Plates kept longer than 48 hours at 4°C did not yield any attached 

cells and therefore never became ~onfluent. Both alkaline phosphatase activity 

and cell confluency were scored by 2 independently-blinded observers. 

INTERLEUKIN-6 PRODUCTION 

The standard curve for the IL-6 ELISA repeatedly exceeded an r value of 
I 

0.9959. The curve plateaued at 2000 to 10,000 pg/ml and therefore was useful for 

extrapolation of IL-6 concentrations between 50 to 2000 pg/ml (Figure 6). 

Controls with recombinant murine TNF-a indicated no cross reactivity. 

Cultured murine bone cells released IL-6 without exogenous stimulation. 

There appeared to be a cyclical nature for IL-6 production in all cultures. For 

the control plates, IL-6 production was first detected at day 8. Interleukin-6 

levels increased up to day 15 (5.5 ng/ml) and then gradually declined. For ~he 24-

hour plates at 4°C, IL-6 activity was first seen at day 9. The IL-6 levels increased 

gradually and peaked at day 19 (2.2 ng/ml). The 24-hour refrigerated plates 

actually produced more IL-6 than the controls during days 17-20. The 48-hour 

refrigerated plates first showed IL-6 activity at day 15 peaking at 1.25 ng/ml at 

day 19. The 48-hour plate always produced less IL-6 than either the control or 

the 24-hour plate except on day 19 (Figure 7). 

When the data was plotted IL-6 levels decreased on the day of the medium 

change (Figure 8). This decrease may be the result of degradation or the 

prolonged effects of down regulation of IL-6 expression as the medium expired. 



Table II. Confluency of the Osteoblast-like Cells. 

Control 

4°C, 24 hours 

4°C, 48 hours 

0 = <25% 
1 = 25-50% 
2 = 50-75% 
3 = 75-100% 
4 = Multilayered 

0 

0 

0 

1 2 

1 1 

0 0 

3 4 4 4 4 

3 4 4 4 4 

0 1 1 1 1 

30 

? 4 

4 4 

1 2 



Figure 6. Standard curve for the IL-6 ELISA. The curve plateaued at 2000-
10, 000 pg/ml and therefore was extrapolated for IL-6 concentrations 
between 50 to 2000 pg/ml. 
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Figure 7. Daily production of /L-6 in murine bone cell culture. Note cyclic 
nature of production of /L-6 after day 12. The 24-hour plates at 4°C 
produced more /L-6 than the controls for days 17-20. 
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Figure 8. Production of IL-6 in murine bone cell culture-cumulative. Note the 
gradually increasing levels of IL-6 production. 
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STATISTICAL ANALYSIS 

The Kruskal-Wallis analysis revealed significant differences between the 

controls and refrigerated plates both in daily (P = 0.004) and cumulative 
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(P = 0.001) IL-6 production. Multiple comparisons tests were performed by the 

Dunn's method to determine which group or groups differed from the others. 

For the daily comparison of IL-6 production, the 48-hour plates were significantly 

different (P < 0.05) than the control with a test statistic of 3.208, however the 

difference between the 24-hour plates and the controls was not significantly 

different having a test statistic of 1.735. This result was not surprising since IL-6 

levels for the 24-hour plates were greater than the controls for days 17-20. This 

tended to cancel out the earlier higher daily totals by the controls. 

For the cumulative comparison of IL-6 production, both the 24-hour plates 

and the 48-hour plates were significantly different than the controls with test 

statistics of 2.520 and 3.883, respectively. 



DISCUSSION 

The regeneration of the supporting tissues lost as a consequence of 

inflammatory periodontal disease implies the formation of a new connective tissue 

attachment, i.e., new cementum with insertion of collagen fibers at diseased root 

surfaces and also, preferably, the regrowth of alveolar bone (Sottosani et al. 

1975). Although favorable reports of regeneration have appeared with the use of 

allografts and alloplasts, autografts of cancellous bone and autogenous marrow 

offer the greatest potential for success (Dr. Gerald Bowers, personal 

communication, and Schallhorn et al. 1970). This may be due to the osteogenic, 

osteoinductive and osteoconductive properties associated with autogenous marrow 

(Burwell 1965 and Hiatt et al. 1971 ). 

Although the clinical results with fresh autogenous marrow were unparalleled, 

there were some problems associated with its use (Schallhorn 1972a and 

Schallhorn 1972b ). Up to 2 to 3 years after placement of this material some 

investigators began seeing cases of root resorption (Dr. Gerald Bowers, personal 

communication). A 2.8% incidence of root·resorption was reported with the use 

of the fresh iliac-bone autografts, however a few inivestigators observed root 

resorption in approximately 20% of their cases (Dragoo et al. 1973 and Dr. 

Gerald Bowers, personal communication). 

Studies by Schallhorn (1972) and Sottosani et al. (1975) showed that 

refrigeration (at 4°C) could maintain viability and at the same time possibly 

35 
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decrease dentinoclastic activity. Our study attempted to define how long bone 

marrow cells remain viable at conventional refrigeration temperatures ( 4°C). To 

address this question we chose a sequential digestion procedure of murine 

calvaria similar to those previously described (Peck et al. 1964; Wong et al. 1974;· 

Wong et al. 1975; Luben et al. 1977). Wong and Cohen (1974) designated the 

cells released early in the digestion procedure as "osteoclastlike" and those 

released late as "osteoblastlike" on the basis of different hormone responsiveness. 

However, since we desired to monitor the total population of cells found in bone 

cell culture, we combined into 1 cell suspension the 4 huffy coat separations 

resulting from the four digestions of murine calvaria. 

Cell counts were initially performed using the Trypan blue exclusion method. 

With this particular technique viable cells are straw-colored and dead cells take 

up the blue stain. This was a difficult step as red blood cells were often hard. to 

separate from the other rounded-up, digested cells. We found approximately 2 X 

104 cells/ml (not including red blood cells) to be the optimum number of 

cells/well. However, we "found the model to be more reproducible by 

standardizing the number of mouse pup calvaria per volume of medium needed 

for the 12-well replicate plates. 

In 1967 Schallhorn reported the first use of bone marrow from the hip for 

correction of osseous defects in the periodontium. However, these fresh iliac 

grafts were shown to cause root resorption (Haggerty et al. 1971, Burnette 1972, 

Schallhorn 1972). Schallhorn (1972) proposed that there may be a decrease in 
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the dentinoclastic properties of the graft if it were frozen. There are in_herent 

problems associated with freezing bone marrow such as expensive equipment, 

storage media, cooling curves, etc. To avoid freezing, yet still allow storage for a 

clinically significant period of time, the refrigeration of bone marrow was studie.d 

(Bierly et al. 1975 and Sottosani et al. 1975). Biopsy cores from the iliac crests of 

dogs were harvested and stored them at 4°C for various time intervals up to 21 

days. They were placed in Millipore filter chambers, sealed, and placed 

orthotopically on the femur of the dog. The chambers were ·removed 7 weeks 

later and examined histologically. Viability of graft material was determined by 

its osteogenic potential within this enclosed system. Their results· indicated that 

between 7 and 14 days there was a precipitous decrease in the ability of the 

cancellous bone and marrow to produce new bone. Shorter storage periods (up 

to seven days) resulted in osteogenesis comparable to that seen with fresh marrow 

cores. 

Our study using the murine model indicated no Viable cell attachment after 48 

hours at 4°C. These results are similar to that of previous studies using irradiated 

mice to assess the viability of marrow cell suspensions obtained from the femur 

and stored at 2-5°C, which demonstrated viability for up to 4 days. However, the 

bone marrow suspensions stored for 1 or 2 days gave the best survival (Urso et al. 

1957). Billen (1957) was able to maintain mouse bone marrow suspensions at 

25°C for up to 11 days using a culture medium of high serum content and with 

daily medium changes. The dog model showed osteogenesis with storage intervals 



up to 7 days, with the best results within 72 hours (Bierly et al. 1975). The 

variation of these results is perhaps only due to a difference in culture media, 

methodology of assay, and choice of parameters assessed. 
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Osteoblast differentiation in culture can be delineated into 3 phases. During 

the first phase, the cells actively proliferate and produce type I collagen. The 

second phase is characterized by extracellular matrix maturation and 

specialization. During this period proliferation decreases, the transition from 

pre-osteoblast to osteoblast occurs, and the genes characteristic of the osteoblast 

phenotype, such as alkaline phosphatase activity, are expressed. This renders the 

extracellular matrix competent for the ordered deposition of hydroxyapatite. The 

third phase is defined by mineralization of the extracellular matrix (Owen et al. 

1991). 

Alkaline phosphatase is a membrane-associated marker of the differentiated 

osteoblast and is involved in the removal of inhibitors of mineral formation, 

particularly the pyrophosphates (Meyer 1984 and Hughes et al. 1993). Our 

results agree with others that alkaline phosphatase activity is low in subconfluent 

cells and maximal alkaline phosphatase activity occurs only after the cells are 

confluent (Rodan et al. 1983; Stashenko et al. 1987; Bonucci et al. 1992). Some 

have noted that mineral deposition occurs only inside multilayered cultures and 

that alkaline phosphatase activity increases with time and density in culture 

(Rodan et al. 1983; Ecarot-Charrier et al.; Bonucci et al. 1992). This would 

explain why the 48-hour samples that never became confluent did not become 
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alkaline phosphatase positive, except for minimal staining at day 10. It is possible 

that higher cell numbers placed in a 48-hour culture would have become alkaline 

phosphatase positive and confluent as did the controls and the 24-hour samples. 

For the control sample, maximal alkaline phosphatase activity was noted 

between days 8-14, but by day 16 alkaline phosphatase activity had diminished. 

For the 24-hour sample, maximal alkaline phosphatase was seen between days 14-

16. For days 18-20 the cells stained negatively for alkaline phosphatase. Thus, 

alkaline phosphatase activity was not present after day 16 in the control and after 

day 18 in the 24-hour sample, even though both were confluent. This may be due 

·to increasing levels of IL-6 inhibiting alkaline phosphatase activity. Previous 

studies have shown that IL-6 inhibited alkaline phosphatase activity in a dose

dependent manner (Ishimi et al. 1990 and Hughes et al. 1993). This may indicate 

that IL-6 reduced osteoblastic differentiation by progenitor cells (Ishimi et al. 

1990 and Hughes et al. 1993). 

It is also possible that the 1,25-dihydro:xyvitamin D3 present in the medium 

could also account for the drop in alkaline phosphatase activity seen in the later 

time periods. Majeska and Rodan (1982) have observed that 1,25-

dihydro:xyvitamin D3 may stimulate or inhibit alkaline phosphatase depending on 

the stage of cell culture. In their studies, the stimulatory effect of the hormone 

was exerted on low density cultures that expressed relatively low alkaline 

phosphatase activity whereas the inhibitory effect was exerted on high density 

cultures with relatively high alkaline phosphatase. They also reaffirmed that the 
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1,25-dihydroxyvitamin D3 effects on alkaline phosphatase activity were 

accompanied by opposite effects on cell proliferation. The results of Majeska and 

Rodan (1982) were similar to what was found in our study. During the early 

proliferation stages of our bone cultures, alkaline phosphatase activity was ' 

decreased. Once confluency was achieved a portion of the cells probably matured 

from pre-osteoblasts to osteoblasts and a rise in alkaline phosphatase activity was 

noted. The decrease in alkaline phosphatase activity seen in the control and the 

24-hour 4 oc samples during the later time periods could represent a further 

maturation into osteocytes which have lower alkaline phosphatase levels or the 

inhibitory effects of 1,25-dihydroxyvitamin D3• 

Confluency seemed to be directly related to IL-6 production. In the control 

cultures, confluency was seen at day 10 and at day 8 IL-6 was first detected. For 

the 24-hour sample, confluency was seen at day 10 and at day 9 IL-6 was first 

detected. For the 48-hour sample, confluency was never achieved and IL-6 levels 

were not seen until day 15 and never went above 200 pg/ml except on day 19. It 

is important to remember the almost unlimited potential for numbers of 

osteoblasts in cell culture. These cells t~nd to form continuous layers covering 

the surface of plastic dishes, unlike a fibroblast culture monolayer restricted by 
I 

contact inhibition as the population becomes too dense (Rodan et al. 1983). 

lnterleukin-6 production could be an indication of the cell numbers, i.e. the more 

bone cells present the proportionally higher IL-6 production. lnterleukin-6 

production in the 24-hour sample at days 17-20 was greater than the .control, 
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perhaps because the cell number had increased more at this late period versus the 

control. 

Interleukin-6 production appeared cyclic. This was in part due to the medium 

change every fourth day. Mter day 12 there was a trend for the IL-6 to peak at 

the third day post-medium change and decrease slightly at day 4 for all the 

samples. It is possible that IL-6 is unstable and breaks down naturally or that it 

was being degraded by cellular proteases in this heterogenous culture 

environment. 

The alkaline phosphatase staining and confluency data both pointed out that 

as incubation time at 4°C increased, the number of attached viable cells 

decreased. It is most probable then that the reason the IL-6 production in the 

bone cells decreased with increasing time in the refrigerator was that less cells 

were viable. This would agree with others that viability decreases with increasing 

storage at 4°C (Urso et al. 1957 a·nd Mannick et al. 1960). Our study indicated 

that cancellous bone and marrow cells do not survive at refrigerated temperatures 

for more than 48 hours. Mter 48 hou~s there would be no IL-6 production and 

presumably no dentinoclastic activity. In previous human studies by Schallhorn et 

al. (1970) using autogenous marrow and cancellous bone grafts, the highest mean 

bone apposition with no root resorption were associated with the rapid freezing 

technique which is associated with the highest cellular mortality. It may be -that 

the preservation of the cellular structure until the graft is implanted followed by 

cellular breakdown and release of growth factors may be the key to osteoblastic 
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differentiation from surrounding cellular elements (Schallhorn 1972). Viable cells 

might not be necessary. 

Further studies using the murine calvaria model are needed to evaluate the 

effects of cold storage on IL-l.B, TNFa, and prostaglandin E2 production. 

Osteoclastic activity should also be evaluated in this model using a co-culture 

technique (Wong et al. 1974 and Takahashi et al. 1994). In addition the ability of 

this model to form bone nodules should be pursued. Also the effects of 

exogenous endotoxin added to this model should be studied for both cytokine 

production and bone nodule formation. 
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