
, IDENTIFICATION OF INSULIN- RESPONSIVE GENES IN RODENT BONE 
CELLS 

by 

Gregory A. Blythe DDS 

Submitted to the F~culty ofthe School of Graduate Studies 

of the Medical College of Georgia in partial fulfillment 

of the Degree of Master of Science in. Oral Biology 

June 1998 



IDENTIFICATION OF INSULIN-RESPONSIVE 
GENES IN RODENT BONE CELLS 

! 

This thesis is submitted by Gregory Alan Blythe, D.D.S. and has been examined 
! 

and approved by an appointed committee of the faculty of the School of Graduate Studies 
I 

of the Medical aollege of Georgia. , 

The siJatures which appear below verifY the fact that all required changes have 
I 

been incorporated and that the thesis has received final approval with reference to 

content, form a11-d accuracy of presentation. 

I 

This thesis is therefore accepted in partial fulfillment for the requirements for the 

degree of Maj~ of Science. 

lfrr 
! 

I 

I 
l 

- - - - - - -- -- - - .... -· 



i ACKNOWLEDGMENTS 
I 

'I 
I would ~ike to expres~ my sincere gratitude to the following people who. helped 

I • 

I 

me complete thik thesis. 
I 

To Dr. d'Dell, my major advisor, for his guidance, encouragement and positive 

attitude. 

To my c~mmittee members, Dr. Michael Billman, Dr. James McPh~rson, III, 
j 

Dr. Mohamed Sharawy, and Dr. Baldev Singh for their advise, 'expertise, and editorial 
I . 

I 
assistance in writing this thesis. . · · . . . 

To the eltire staff at Clinical Investigations, especially Norma Best 3nd Dr. Frank 

Niagro, for theJ tireless efforts, research knowl~dge and weekly tutoring sessions. 

To Dr. ~chael Cueninand Dr. Steven Hokett, my periodontic mentors, who 

pushed and prolded me to get the research project completed. 
I 

To fello~ classmates Paul Francis and Steve Rouse for tutoring me on the use of 

the computer. 



TABLE OF CONTENTS 

I Page i 
I 
I, 

ACK.NOWLED~MENTS 111 

i 

LIST OF FIGURES v 

I vii LIST OF TAB~ES 
I 
j, 

INTRODUCTI<DN 1 

A. Statement of Problem 

B. Revi~w of Related Literature 

MATERIAL jD METHODS 10 

A. Invlo 
B. lnviL 

RESULTS 
I 30 .I 

. I 

A. In vltro 

B. InvLo 
DISCUSSION 51 

SUMMARY 
I 58 
I 
I 

i 
REFERENCE~ 60 

lV 



LIST OF FIGURES 

Figure Page 

1. Low mass DNA Ladder with 2f.ll, 4f.ll and 8f.ll samples evaluated 37 

2. Line graph of low mass DNA plotted against pixel density 38 

3. High range standard curve used to determine amounts of RNA 39 
in samples 

4. Gene expression of acid phosphatase and GAPDH in cell cultures 42 
after addition of insulin at various time intervals 

5. Pixel density of acid phosphatase and GAPDH PCR bands 43 
observed in Figure 4 

6. Gene expression of osteocalcin and GAPDH in cell culture after 44 
addition of insulin at various time intervals 

7. Pixel density of osteocalcin and GAPDH PCR bands 45 
observed in Figure 6 

8. Gene expression of alkaline phosphatase, acid phosphatase, 46 
osteocalcin and fra-1 in hyperglycemic rats 

9. Gene expression of alkaline phosphatase, acid phosphatase, 47 
osteocalcin and .fra-1 in normal rats 

10. Gene expression of alkaline phosphatase, acid phosphatase, 48 
osteocalcin and fra-1 in hyperglycemic rats which received 
3 U of insulin 30 min prior to sacrifice 

v 



Figure 

11. 

12. 

LIST OF FIGURES 

Gene expression of alkaline phosphatase, acid phosphatase 
osteocalcin and .fra-1 in hyperglycemic rats which received 
3 U of insulin 120 min prior to sacrifice · 

Control to check for DNA contamination in samples from 
rats which received insulin 30 min prior to sacrifice 

Vl 

Page 

49 

50 



LIST OF TABLES 

Table Page 

I. Gene, predicted base pair size, GenBank accession number and forward 22 
and reverse primer base pair start numbers evaluated in the murine cell 
culture system 

2. Gene, predicted base pair size, GenBank accession number and forward 23 
and reverse primer base pair start numbers evaluated in the murine cell 
culture system. 

3. Gene, GenBank accession number, forward and reverse primer base pair 24 
start numbers and forward and reverse primer 51 to 31 sequence evaluated 
in the murine cell culture system 

4. Gene, GehBank accession number, forward and reverse primer base pair 25 
start numbers and forward and reverse primer 51 to 31 sequence evaluated 
in the murine cell culture system . 

5. Gene, predicted base pair size, GenBank accession number and forward 26 
and reverse primer base pair start numbers evaluated in rat in vivo model 

6. Gene, predicted base pair size, GenBank accession number and forward 27 
·and reverse primer base pair start numbers evaluated in rat in vivo model 

7. Gene,· GenBank accession number, forward and reverse primer base pair 28 
start numbers and forward and reverse primer 51 to 31 sequence evaluated 
in the rat in vivo model 

8. Gene, GenBank accession number, forward and reverse primer base pair 29 
start numbers and forward and reverse primer 51 to 31 sequence evaluated 
in the rat in vivo model 

vii 



Table 

9. 

10. 

LIST OF TABLES 

Amounts of RNA isolated from the murine bone cell cultures 

Amounts of RNA isolated from rat femurs 

Vlll 

Page 

40 

41 



INTRODUCTION 

A. Statement of the Problem: 

Based on epidemiological studies, it is estimated that about 25% of the adult 

population of the United States has periodontal disease (Miller, 1987). The adult form of 

periodontal disease is a chronic, slow, progressive process that results in the loss of 

supporting structures around the teeth. · Although a definitive characterization of this 

process has not been generally accepted, there are numerous significant host and non-host 

components of the disease that have been identified. Host factors may include such 

things as immunological competence, cellular repair capacity, and systemic disease 

status. Systemic diseases can even influence how successful different therapeutic 

. procedures are in the treatment of periodontal disease. For example, poorly controlled 

diabetes mellitus increases the risk of developing periodontal disease, and decreases 

wound healing capabilities (Shlossman, et al., 1990). However, patients with diabetes 

mellitus which is controlled by insulin therapy appear to have similar rates of periodontal 

attachment loss as non-diabetic individuals. (Oliver and T~rvonen, 1994). 

This suggests that insulin may play some role in decreasing the rate of periodontal 

ligament and bone loss. Therefore, the current investigation examines the hypothesis that 
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insulin can regulate the expression of genes in rodent bone cells, including many of the 

known bone cell genes involved in ost~ogenesis. 

The specific aims of this study were: 

1) To identify bone cell genes, in cultured murine osteoblast cells, that are 

responsive to insulin.· 

2) To create uncontrolled diabetic rats, then give insulin injections to identify 

insulin responsive genes in bone cells. 

B. Review of Related Literature: 

2 

Diabetes is a metabolic disease affecting approximately 4% of the population of 

the United States (LaFarge, 1992) with a 6% annual increase in incidence (Murrah, 

1985). It is estimated that 50% of individuals with diabetes are undiagnosed (Saudek, 

1996). Although, the classic symptoms of diabetes are polyuria, polydipsia, and 

polyphagia, these are often not evident. 

Currently, there are three ways to diagnosis diabetes mellitus. The first way is to 

analyze two successive casual plasma glucose concentrations; if these show a glucose 

concentration greater then 200 mg/dl then the diagnosis is positive. The second is to 

analyze fasting plasma glucose levels on two separate occasions. Values of 126 mg/dl or 

higher indicates diabetes mellitus. The third way to diagnose diabetes is to do an oral 

glucose tolerance test. A plasma glucose greater than 200 mg/dl120 min after taking 75 

mg of glucose orally results in a diagnosis of diabetes (Gavin, 1997). 
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Part of the increase in the incidence of diabetes is due to the fact that the human 

population is living longer. In fact, there is a four-fold increase in the incidence of 

diabetes in individuals over the age of 65 as compared to the rest of the popu~ation. As 

the number of diabetic individuals over the age of 65 with periodontal disease increases, 

the dental profession will experience an increase in the treatment needs of these medically 

compromised individuals. Although studies have shown non-insulin dependent diabetic

individuals are three times more likely to develop periodontal disease as are non-diabetic 

. i~dividuals (Emrich et al., 1991), the relationship between diabetes and periodontal 

disease is still not completely understood. 

Diabetes may act as a modifying agent, and even an accelerating agent, in the 

progression of periodontal d~sease in patients with severe diabetes (Murrah, 1985). The 

specific mechanism by which diabetes enhances the effects of chronic periodontal disease 

is not known. However, Oliver and Tervonen (1994) list five possible mechanisms that 

increase the risk of periodontal disease i~ diabetic patients. These include, vascular 

changes, microbiological changes, neutrophil dysfunction, collagen metabolism and 

human lymphocyte antigen (HLA) ~ssociati~ns (Oliver and Tervonen, 1994). 

·vascular changes have been found consistently in diabetic tissues which indicate a 

universal effect in the diabetic patient (Osterby, 1990; Hove and -Stallard, 1970). The 

small blood vessels in a diabetic patient display a thickening of the basement membranes 

which reduces leukocyte migration, oxygen diffusion and elimination of metabolic 

wastes. Po<)r metabolic control and chronic diabetes potentiates these vascular changes 

(Skylar, 1990). Collagen metabolism is also altered significantly in diabetes. For 
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example, there is a decrease in collagen synthesis by fibroblasts in the periodontal 

ligament and gingiva, an increase in gingival collagenase activity, and impaired osteoid 

production (Ramamurthy et al., 197 4 ). The abnormal collagen metabolism c~aracteristic 

of diabetics also affects bone formation, since collagen is the primary protein in the 

organic matrix of bone. The combination of decreased amounts of collagen and 

increased amounts of collagenase leads to a suppression of bone formation and 

regeneration. 

Goodsen and Hunt (1977) showed that soft tissue injuries in patients with diabetes 

mellitus heal poorly. Diabetes retards wound healing following gingival surgery by 

inhibiting fibroblastic activity, collagen formation, development of osteoblasts and new 

bone formation (Glickman et al., 1967). Also, bone mineral and bone metabolism are 

·' altered in human diabetics (Burkhardt et al., 1981 ). Results of studies of insulin 

dependent diabetics suggested that bone mineral density was reduced in these individuals 

(Melchior et al., 1994; Munoz- Torres et al., 1996). 

Fracture healing studies have shown that soft tissues must revascularize prior to 

contributing to bone revascularization (Holden, 1972). In diabetes, the thickened 

basement membranes around small· vessels reduce the amount of diffusion of oxygen and 

other nutrients at the wound site. This decreases the amount of revascularization to the 

wound site, and thereby slows or eliminates bone formation. Organ culture systems have 

shown that bridging of fractured areas occurs faster when the medium contajns insulin 

· (Yano et al., 1996). 
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Although a direct relationship between diabetes and alveolar bone resorption has not 

been established, evidence suggests that chronic destructive periodontitis may be related 

to the duration of diabetes (Glavind et al., 1965). For example, individuals with overt 

diabetes for more than ten years showed a greater loss of periodontal structures than those 

with diabetes for less than ten years. Several investigators have found more frequent and 

more significant loss of periodontal tissue attachment in persons in the 20-40 years old 

age- range, where diabetes may have been present for many years (Rosenberg, 1990; 

Glavind et al., 1965). In studies looking at metabolic control, individuals with diabetes 

who were well controlled with insulin had a rate of periodontal destruction similar to that 

of non-diabetic individuals (Cohen, 1988). 

In addition to its primary effect on glucose regulation, insulin promotes other 

cellular events. It regulates ion and amino acid transport, lipid metabolism, glycogen 

synthesis, gene transcription and mRNA turnover, protein synthesis and degradation, and 

DNA synthesis (Cheatham and Kahn, 1995). Insulin works through the insulin receptor 

and associated proteins (Kahn and White, 1988). 

The insulin receptor is a tetrameric structure consisting of two alpha subunits and 

two beta subunits (Saad et al., 1992). Insulin binds to the extracellular alpha subunits 

which then activates the kinase in the intracellular beta subunits. This activation can in 

turn activate other receptors (Fudumoto et al., 1989) or genes in the nucleus (Thompson 

et al., 1996)~ In recent human studies, several insulin responsive genes were identified in 

skeletal muscle by sampling muscle RNA from patients at various time intervals 

following insulin administration (Thompson et al., 1996). Genes that have been shown to 
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be responsive to the action of insulin are.acetyl CoA carboxylase, glyceraldehyde-3-

phosphate dehydrogenase, phosphorylase, hexokinase II ~d several proto-oncogenes 

including c-fos and egr-1 (Stumpo et al.,1984; O'Brien and Granner, 1996). 

Several of the immediate early transcription factors, especially c-fos and c-jun, 

are known to be important in bone formation (Stein and Lian, 1993). Thefos gene 

product, the transcription factor, interacts with the regulatory regions ofn~erous other 

genes (Angel and Karin; 1991 ), many of which are bone phenotype markers such as 

osteocalcin (McCabe et al., 1995; Rodan and Noda, 1991). 

Osteocalcin is one of the most abundant noncollagenous proteins produced by 

osteoblasts and odontoblasts (Chai and Slavkin, 1994). It is considered to be a marker for 

the osteoblast, and is· first seen during the mineralization phase. The mineralization of the 

extracellular matrix occurs when the glutamic residues on the osteocalcin protein have 

been carboxylated (Sittie, 1985).- These modified glut~ic acid structures on the 

osteocalcin protein have a high affinity for mineral ions such as calcium, and for 

hydroxyapatite crystals, a major mineral component ofthe extracellular matrix of bone. 

Osteocalcin is produced by the differentiated osteoblast and is found intracellularly and 

extracellularly. The synthesis of osteocalcin increases with the mineralization of the 

extracellular· matrix and with osteoblast differentiation. Extracellularly, it is 

. . 

concentrated at the miner~lization front (Neufussi etal., 1997) .. ·· 

Osteocalcin gene expression is regulated by the vitamin D response element 

(VDRE) ·and steroid hormones (Rahman et al., 1993; Subramaniam et al., 1992). Several 

experiments· have shown thefos- jun ·c~mplex (AP-1) may also have some influence in 
• ·• I'\, 
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the expression of the osteocalcin gene (Owen et al., 1990). During the proliferation stage 

of osteoblast development,fos andjun levels are high while osteocalcin levels are low. 

As the osteoblasts differentiate, thefos andjun levels decrease while osteocalcin levels 

increase. AP-1 binding is observe~ primarily in the proliferating phase of osteoblast 

development. The binding decreases after the initiation of extracellular matrix production 

and mineralization. (Lian and Stein, 1992). 

In a study evaluating the effects of glycemic control of serum osteocalcin levels in 

diabetic patients, it was shown that serum osteocalcin levels increased when glycemic 

control was achieved (Sayinalp et al., 1995). These researchers concluded that osteoblast 

function may improve with glycemic control in diabetic patients. 

Analysis of rat genomic DNA has shown that in selected strains of rats there are 

multiple copies of the osteocalcin gene (Rahman et al., 1993). In a study of the mouse 

osteocalcin gene, ,it was found to be a cluster which contains three genes. Two of the 

genes are only expressed in bone and late during development. The third gene is 

expressed in the kidney (Desbois et al., 1994). 

Alkaline phosphatase is a membrane-bound protein, situated with the catalytic 

domain on the. external cell surface. Similar to osteocalcin, alkaline phqspha~ase is an 

enzyme that is a marker ofosteoblasts. It is an early marker for osteoblast differentiation, 

seen during the.extracellular matrix maturation phase. During the matrix m~turation 

phase the extracellular matrix is produc~d and made competent for mineralization (Steiri 

et al., 1996)~ .Alkaline phosphatase is present i~ virtually all cells, but it is D;lOSt abundant 

in bone, calcifying cartilage, kidney and liver (Rodan and Noda, 1991). T~e major 
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factors that modify alkaline phosphatase activity are age, sex, and hormonal status 

(Calvo et al., 1996). 

Fra-1 (fos related antigen-1) is located within the cell nucleus. It forms 

heterodimers with the jun proteins to form the activating protein - 1 (AP-1) complexes. 

These gene products of the early response genes help to regulate the growth and 

development of ost,eoblasts and other cells. The AP-1 complex has been shown to be 

responsive to the addition of insulin (Mohn et al., 1990). Insulin acts on the complex in 

two ways. It stimulates transcription of the c-fos and c-jun genes ~hich increases the 

amount of AP-1 complex formed. This effect is seen within a few minutes and terminates 

just as rapidly (Lamph et al., 1988). Insulin also alters the phosphorylation and binding 

) 

potential of both the fos and jun gene products. By increasing binding potential, it can 

increase the efficiency at which the binding of the fos and jun gene products occur 

(O'Brien and Granner, 1996). During osteoblast proliferation, nuclear protein levels of 

all seven of the AP-1 members are maximal. The seven members that compose the AP-1 

complex are c-fos, fos B, fra-1, fra-2, c-jun, jun B, andjun D. During the extracellular 

matrix maturation phase, the level of the AP-1 members is decreased (McCabe et al., 

1996). 

Acid· phosphatase is the marker use_d to determine osteoclastic activity (Ott, 1996). 

Bone formation is a continuous process where bone resorption and bone formation take 

place in the same area. These two processes are thought to be coupled. Bone resorption 

is the first event to occur through osteoclastic activity. The osteoblasts are then 
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stimulated to start proliferating and differentiating to form a mineralized matrix (Oates 

and Cochran,: 1996). . 

A major goal of periodontal therapy is to facilitate the regeneration of the 

supporting alveolar bone destroyed by periodontal disease. Various clinical techniques 

are employed currently to stimulate bone regeneration. One way to facilitate the 

regeneration of lost bone is through the use of osseous regeneration procedures 

(Mellonig and Bowers, 1990). For example, the use of a periodontal bone graft reverses 

the disease process as evidenced by periodontal pocket reduction as a result of 

regeneration of lost bone. The clinical signs of regeneration include the reconstruction of 

the attachment apparatus including the fotrnatiort of new bone, cementum, and 

periodontal ligament fibers in an area previously destroyed by bacterial plaque and its 

products (Mellonig, 1991). By having a better.understanding of how insulin· effects bone 

cell genes, the dental profession may be able to better treat diabetics with periodontal 
' . . 

disease. 

. I 
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MATERIALS AND METHODS 

In vitro phase: 

This animal use experimental protocol was reviewed and approved by the Animal 

Care and Use Committee, Dwight David Eisenhower Army Medical C_enter, Fort Gordon, 

Georgia on 10 April 1997. All animal husbandry and handling were in accordance with 

pertinent laws and regulations governing the use of animals in biomedical research within 

the Department ofDefense as required by Public Laws 89-544, 91-579, 94-279, and 

99-198 (The Animal Welfare Act and Amendments), Department of Defense 

Dire~tives, Army regulations and published Health Services Command policy. 

Pregnant, female mice, Mus musculus-Hsd:ICR(CD-1); (Harlan Sprague Dawley, 

Inc., Indianapolis, IN) were obtained on the twelfth day of their 19-21 day gestation 

period. The newborn pups were euthanized by cervical dislocation, dipped in ethyl 

alcohol, and their calvaria removed. After procedures to isolate the osteoblasts, they were ' 

plated and grown to confluence. After the fourth passage, the cells were frozen at -80 o C. 

A complete protocol for this procedure can found in the Raez Medical College of Georgia 

masters thesis. (Raez, 1997). For this experiment we thawed previously harvested 
I 

murine calvaria and utilized thein at passage five. These cells appear to be primarily 
I 

osteoblasts based on light microscopic observations-which revealed cells cuboidal in 

10 



shape and did not show contact inhibition when grown to confluence. Also, these cells 

were positive for alkaline phosphatase. 

The cells were plated into 24-well plastic ProNectin F-coated activated culture 

· ware (Protein Polymer Technologies, San Diego, CA). The media .consisted of phenol 

red-free DMEM, 10% Fetal Bovine Se~ (~igma Chemical Corporation, St. Louis, 

MO), non-essential amino acids (Sigm~ Chemical Corporation, St. Louis, MO), 15 mM 

HEPES (N2-hydroxyethyl piperazine-N2~ ~thanesulfonic acid), (United States 

Bio,chemical Corp., Cleveland, OH),:sodjum pyruvate (11mg/liter, Gibco BRL, Grand 

. . 

Island, NY), penicillin (1 00 U/ml), (Sigma Chemical Corporation, St Louis, MO), 

11 

Streptomycin (1 00 ug/ml), (Sigma C~emical C~rporation, St Louis, MO), amphotericin~ 

(0.5 ug/ml), (Gibco BRL, Grand Island, NY), gentamicin (50 ug/ml), (Sigma Chemical 

Corporation, StLouis, MO), and 1,25- dihydroxyvitamin D3 (lo-s M), ICN Biomedicals 

Inc, Aurora, OH). 

. The cells were incubated at 36 o C in humidified, 5 % carbon dioxide/ 95% 

ambient air. After growing the cells to confluence, the medium was replaced with insulin 

free medium (S8284 Sigma Chemical Corporation, St. Louis, MO). The cultures were 

incubated overnight to allow serum provided insulin to be diluted or mostly eliminated. 

After 24 hours, 10-7 molar insulin (NPH insulin Eli Lilly & Co.) was added to the wells 

(Saad 1992). ;At time intervals ranging from 5 to 120 minutes, sets pf each treatment 
I 

. . i . 
group had the~ media removed and the RNA was extracted from the osteoblasts using 

I 

TRizol reage*t (Life Technologies Inc., Grand Island, NY). The RNA was stored at -80° 

C until analyzed. 



/ 

12 

The expression of each of the following genes was studied during the in vitro 

phase of insulin depleted murine osteoblast cells: GAPDH, c-fos, osteocalcin, bone 

sialoprotein-2, osteopontin, c myc, MMP-1, MMP-3, MMP-7, MMP-9, MMP-10, 

MMP-11, osteonectin, BMP2, BMP4, type I collagen, cyclophilin, beta-actin,jos-B, 

.fra-1, fra-2, c-jun, jun D, histone H2b, and histone H4,jun B, osteopontin, decorin, ST-2. 

The primers were designed using the Gene Runner program {Hastings Software, 

Hastings, NY). 'The primers were designed to create a predicted base pair size ranging 

from 200-600 base pairs. The.predicted base pair size, GenBank number, forv\rard primer 

(5' to 3') and reverse primer (5' to 3') are listed in Tables 1, 2, 3 and 4. 

Each of the genes was studied to see if an increase in gene expression occurred 

after the addition of 10-7 M insuliri to an insulin- depleted murine osteoblast cell culture. 

Gene expression was evaluated using reverse transcription-polymerase chain reaction 

(RT -PCR) amplification (Perkin-Elmer Corporation, Foster City, CA). The DNA 

products from 'the amplification were loaded onto a 15 em x 15 em, horizontal, 2% 

agarose gel (Fisher Scientific, Fair Lawn, NJ), and run for '3 hr at 80 rnA. Then the gels 

were placed into SYBR Green I nucleic acid gel stain (Molecular Probes Inc., Eugene, 

OR) for one hr. The stained gels are maximally excited at 497 run and fluorescence 

emission was centered at 520 nm. The gels were analyzed with a fluorescence imaging 

I 

system (Molecular Dynamics STORM 860 , Sunnyvale, CA). 

'i 
l . 

. I 

I 
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In vivo phase: · 

Twelve, male, Hsd: Sprague.- Dawley, outbred rats (Harlan Sprague-Dawley, Inc., 

Indianapolis, IN), weighing 350-400 gm were divided into four groups of three rats each. 

Group I consisted of three normal non-diabetic rats. Group II consisted of three diabetic 

(hypeFglycemic) rats that were given a single insulin injection 30 min prior-to sacrifice. 

Group III consisted of three diabetic rats that .were given a single insulin injection 120 

·min prior to sacrifice. Group IV consisted of diabetic rats that were sacrificed without · 

receiving an insulin injection. All rats were housed two per cage at 25 oc with a 12 hr 

light - dark cycle. The animals received water and food ad libitum (Harlan Teklad. 

Rodent Blocks, Madison, WI). The rats were allowed to acclimate for 1 wk prior to 

beginning the investigation. Blood gl~cose levels were monitored for one wk before the · 

experiment started using a commercial analyzer (Accu - Chek III Boehringer Mannheim 

Corporation, Indianapoli~, IN). One drop of blood (300 ~1) obtained from the tail vein·. 

was used for this procedl.rre. · Blood glucose levels rahged from 77 - 88 mg/dl during the 

week of obser\ration. After one wk, rats in groups II, III and IV (nine rats) received (tail 

' . . 

vein) IV injections of streptozotocin (Sigma Chemical Corporation, St. Louis, MO) at a 

dosage of 60mg/kg in a lml volume of O.lM sodium citrate and O.lM citric acid at pH4.5 . 

(Katavich et al., 1995). Tliis injection created a hyperglycemic state 'in these rats. Blood 
i 

glucose level~ in blood taken from tail veins were measured to insure that the rats were 

hyperglycemic. Blood glucose levels ranged from 274-421 mg/dl in the rats that 

' 
received a str~ptozotociti injection. Two of the nine rats died on the third day after 

streptozotoc~l) injections. One rat was in group III and one rat was in group IV. On the 



fourth day after streptozotocin administration the rats in groups II and III received 3 U 

(Katavich et al., 1995) of regular purified pork insulin (Novo Nordisk Bagsvaerd, 

Denmark). The insulin injections were given subcutaneously in a 0.2ml volume. 

Specimen harvesting: 

14 

Groups II and III were sacrificed in a carbon dioxide chamber at 30 and 120 min 

post-insulin administration, respectively. The rats in groups I and IV were sacrificed 

prior to the animals in. groups II and III. At sacrifice both femurs, rectus femoris muscle, 

-.thyroid gland and mandible were extirpated from each rat. The soft tissues were quickly 

removed from the femurs which were then rapidly frozen at -80 °. C. The thyroid gland 

and rectus feJ;Uoris muscle were placed in the minus ..}.80 o C freezer. The mandible was 

placed in 10% formalin. 

RNA extraction from. rat rectus femoris muscle: 

The RN'A was extracted from the muscle samples using a modification of the 

Chomczynski and Sacchi technique (Chomczynski and Sacchi, 1987). The samples were 

weighed and then homogenize~ in 1 ml of TRizol reagent (Life Technologies, Grand 

Island, NY) for every 100 mg of tissue using a Power Gen 25 mixer (Fisher Scientific, 

Pittsburgh, PA). Following homogenization, 0.2ml chloroform was added for every 1 ml 

TRizol reagent used. The contents were then transferred to a test tube and vortexed for 

15 sec prior to centrifugation at 12,000 x g for 15 min at 4°C. This procedure separated 

the sample into an clear aqueous phase which contained the RNA, and a red phenol 



15 

phase. The aqueous phase was decanted and mixed with 0.5 ml isopropyl alcohol for 

every 1 ml ofTRizol reagent used. The sample was then centrifuged at 12,000 x g for 10 

min at 4 o C. The supernatant from this procedure was removed and the precipitated 

RNA sample was washed in 1ml of75%_ethanol for every 1 ml ofTRizol reagent used. 

The solution was vortexed and centrifuged at 7,500 x g forS min at 4°C. 'f.he 

. 
supernatant from-this sample was removed and the washed precipitate was air-dried in 

the test tube. The precipitate was resuspended in TE Buffer (10mM Tris -1 mM EDTA) 

pH 8.0, in a 300 Jll volume prior to freezing at -80 °C. 

RNA extraction from rat femurs: 

Rat femurs were weighed and then ground into a powder using a liquid nitrogen 

cooled mortar and pestle. The mortar and pestle were cleaned thoroughly between 

samples with a RNAse cleaning solution (RNASEZAP, Ambion Inc., Alistin, TX) to 

ensure that the RNAse from the previous specimen would be removed. The remaining 

steps for the RNA isolation were the same· as for the RNA extraction from the rectus 

femoris musCle outlined previously. The phenol phase was saved for isolation of femoral 

DNA. 

RT-PCR A;~plification of RNA: 
' i 

The genes studied driring the in vivo phase were hexokinase, GAPDH,fit-JM,fit-

1 S, c-fos, c-myc, acid phosphatase, alkaline phosphatase, osteocalcin, collag~nase, 

collagen I, c~llagen III, osteoprotegrin, PTH, calcitonin, tenascin and fibronectin EIIIA. 
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The primers were des'igned using the Gene Runner program (Hastings Software, 
- ' . . - ' '. 

Hastings, NY:.). The primers were designed to create a predicted ~ase pair size of 200-

600 base pairs. The predicted base pair size, GenBank number, forward primer (5' to 3') 

and reverse primer (5' to 3') are listed in Tables 5,6,7 and 8. 

The master mix for the reverse transcription process. consisted of combining 4 J.il 

of25 mM MgC12 , 2 JJ.l of lOX PCR buffer, 2JJ.l DEPC treated distilled water (O.lml of 

diethylpyrocarbonate per 100 ml of distilled water ~hen autoclaved twice), 2JJ.l of dGTP, 

2JJ.l of dATP,:iJllof dTTP, 2JJ.l of dCTP·~ ljll ofRNase inhibitor, lJ.il ofMu:I;..V reverse 

transcriptase ~d iJJ.l. ofrahdom hexamers with lJJ.l-ofthe RNA to be evaluated. This 

came to a total of 20J.Ll for the reverse transcription procedure. ' During the course of this 

study, the reagent and sample volumes were reduced to a total volume of lOJ.il to 

conserve materia1s. The reaction mixture was placed in the thermocycler (Perkin Elmer 

Gene Amp ·PCR Sy'stem 2400, The Perkin Elmer Corp. Foster City, CA). The cycle times 

were 15 min at 42°C, 15 min at 99°C, and 30 min at soc fora cool down. At this stage, 

the reaction tubes contained the complementary strands of DNA to the RNA. 

Gene amplitication: 

The complementary strands of DNA produced through reverse transcription were · 

amplified using the polymerase chain reaction (PCR). The master mix for the 
I . 
I . . . . 

polymerase ~hain reaction was 4JJ.l of25mM MgC12 , 8J.1l of lOX PCR buffer II, 65.5J.1l of 
I 

distilled wa~er, 0.5J.1l of DNA polymerase, lJ.il of the "upstream" primer (Genosys 
I 
I 

c I 

Biotechnologies Inc. The Woodlands, TX) and lJ.il of the "downstream" primer 
{. 
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(Genosys Biotechnologies, The Woodlands, TX ). This 80J.Ll volume was added to each 

tube of the reverse transcription product which brought the total volume to 100 J.Ll. As 

with the reverse transcription process, the amounts of reagents and primers were reduced 

by one half to conserve materials. These reaction tubes were placed in the thermocycler. 

The tubes were heated to 94 o C for 5 min prior to starting the thermal cycling. The 

thermocycling consisted of 95°C for 30 s~c, 65 oc for 30 sec and 72 o C for 30 sec. This 

sequence was repeated for 30 cycles.· After 30 cycles the reaction tubes were cycled at 

94°C for 30 sec, 50°C for 30 sec, and·72°C for 30 sec. This was done for 20 cycles. The 

reaction tubes were then cooled to 4°C. 

Gel electrophoresis and florescent imaging: 

A marker dye mixture of 0.25% bromophenol blue, 0.25% xylene cyanol, and 

30% glycerol in water (Maniatis) was added to the amplifiedproducts prior to loading 

into a 15 cmx 15 em 2% agarose gel in 1X TRIS- Boric Acid- EDTA (TBE) buffer 

(Fisher Scientific, Fair Lawn, NJ). The amplified products were allowed to run in a 

horizontal direction for three hr at 80 rnA. The gel was then removed and placed into 
I 

SYBR green I nucleic acid stain (Molecular Probes Inc., Eugene, OR) for one hr prior to 

imaging (Molecular Dynamics STORM 860, Sunnyvale, CA.). Using the Image Quant 

program, th~ ·gels were assayed for the amount of PCR product present. 
·) 

I . 

. ;I 
'I 

'I 
I 
! 
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DNA extraction from agarose gel: 

DNA ·was extracted from the agarose gel using the Qiaex II kit (Qiagen Inc., Santa 

Cl~ita, CA).: In order to extract DNA from. the agarose gel for subsequent sequencing, 

the gel was pl~ced over an actual sized paper image of the gel. The gei overlying the 
. . ' 

DNA bands <?n the printed'image:were excisedwith·a.number..lS scalpel blade. These gel 

slices were placed in a 1.5ml microfuge tube and weighed. Three volumes of Buffer QX 

(Qiagen Inc., Santa Clarita, CA) were added for every one volume of gel DNA. Ten J..Ll 

of QIAEX II (Qiagen Inc., Santa Clarita, CA) were added to the tubes, vortexed and 

incubated at 50°C for 10 min. These conditions cause the DNA to adsorb to the QIAEX 

II particles. The tubes were then centrifuged for 30 sec at 13,000 rpms and ~he 

supernatant removed. The remaining pellet was mixed with 500J..Ll of Buffer ·QX1 

· (Qiagen Inc., Santa Clarita, CA.) vortexed and centrifuged at 13,000 rpms with the 

supernatant beirig discarded. The remaining pellet was mixed with.500J..Ll of Buffer PE 

(Qiagen Inc., Santa Clarita, CA) vortexed and centrifuged at 13,000 rpms with the 

supernatant being discarded. This process was repeated and the remaining pellet was air 

dried for 15 min prior to adding 20J..Ll of.lOmM Tris~HCl and resuspending the pellet by 

vortexing. ':fhe solution was incubated at room temperature for five min. The tubes were 

then centrifuged for 30 sec and the supernatant, containing the DNA, was carefully 

pipetted intd a clean tube. 

I 
I 
i ; 
i 
I 

j . 



19 

Amplification of DNA extracted from agarose gel: 

To create a stock dNTP; lOJ.!l aliquots of lOuM dATP, lOuM dCTP, lOuM dTTP, 

1 OuM dGTP (Boehringer Mannheim Corp., Indianapolis, IN) were added to 760J.!l of 

distilled water. For each lOOJ..Ll reaction mixture a master mix was created by combining: 

1. lOJ.!l of lOX assay buffer A (Fisher Scientific Company, Pittsburgh, PA) 

2. l6J.!l of stock dNTP 

3. 59.5J.tl of distilled water 

4. 0.5J..Ll ofTaq polymerase (Fisher Scientific Company, Pittsburgh, PA) 

This 86J.!l solution was added to each PCR tube along with the following: 

1. 1 OJ.!l of the sample 

2. 2 J..Ll of the forward primer (Genosys Biotechnologies Inc., The Woodlands, 

TX) 

3. 2 J..Ll of the reverse primer (Genosys Biotechnologies Inc., The Woodlands, TX) 

This reaction mixture was then amplified by placing it in the thermocycler. The 

cycle temperatures and times were as follows: 

2. 52°C for 15 sec 

1 

3. 74°C for 15 sec 

After 40 cycles the reaction mixture was held at 72 o C for 7 min to allow for 
( 

completion of all unfinished extension of the double stranded product to occur. The 

mixture was. then cooled to 4°C. 
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Preparation of PCR product for sequencing: 

Ninety ~1 of extracted DNA were diluted with 410 J.tl of distilled water ·and placed 

in a Microcon 100J.1l micro-concentrator (Amicon Inc., Beverly, MA). The filter and 

collection tube were spun at 1000 X g for 2 min. The collected effluent was discarded 

and 4 7 5 J.tl of distilled water were added to the micron filter unit. The collected effluent 

was then discarded. The wash procedure was repeated three times after which the filter 

unit was inverted into a new vial. The sample was spun for 2 min at 1000 X g. The 

collected 25 J.tl contained the purified DNA. 

The purified DNA samples were sent for automated, dye-termination sequencing 

(Institute for Molecular Medicine and Genetics, Medical College of Georgia, Augusta, 

GA) to ascertain the exact DNA sequence of the bands present in the agarose gels. 

Quantitation of RNA: · 

The RNA quantitation was perform~d using the RiboGreen RNA Quarttitation 

Reagent and Kit (Molecular Probes, Inc., Eugene, OR). A high range standard curve was 

first obtained using 2ug/ml_of RNA in 1 x TE buffer with 1 OOJ.tl of a 1 :200 dilution of 

RiboGreen Reagent. The 2ug/ml RNA was diluted in 1 x TE buffer to obtain :RNA 

concentrations of 1 OOOng/ml, 500ng/ml, 1 OOng/ml, 20ng/ml and a control which· 

contained Ong/ml. Two J.tl of rat RNA from each of the 10 rat specimens and seven 
i 
i 

different mur~ne osteoblast cell cultures were placed in 98f.tl of 1 x TE buffer along with 
! 

. ' 

1 OOJ.tl of 1 :200 dilution of RiboGre~n reagent. The rat and cell culture RNA samples 

along.with th~ RNA standards were placed in a Linbro 96 flat well plate (Flow -
!. 

·' 
' 
i 
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Laboratories Inc., McLean, VA.) and placed in the fluorescence microplate reader 

(Cytofluor 2300 Fluorescence Measurement System, Millipore Intertech, Bedford, MA). 

The samples were excited at 485nm and emission was recorded at 530nm. After 

subtracting the background value obtained from the control (Ong/ml of RNA), the values 

for the 4 known RNA concentrations were plotted on a graph and a standard curve 

constructed. The values obtained for the rat femur RNA, and the murine cell culture RNA 

samples were plotted on the standard curve and the amount of RNA extrapolated. 

i. 
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Table 1: Mouse genes studied in the in vitro phase · 

Column 1: Gene 

Column 2: GenBank number 

Column 3: Forward base pair primer start number 

Column 4: Reverse base pair priiner star,t number· 

Cplumn 5: Predicted base pair size of gene product 

Column 6: Reflects if the primers flank a noncoding intron 



cFOS· ··- · 100370 2096 2620 525 No 

JUNb 103236 399 875 477 Unknown 

cMYC X01023 821 1365 545 No 

Histone H-4 100422 257 523 266. No 

Osteocalcin L24431. 31 452 422 Yes 

GAPDH M32599 309 905 597 Unknown 

Cyclophilin M60456 174 580 407 Unknown 

PActin M12481 72 492 420 Unknown 
-

Osteopontin 104806 66 485 420 Unknown 

BSP-2 120232 396 931 536 Unknown 

Acid · M99054 2310 2718 '• 409 Yes 
phosphatase 

Collagen T-1 U08020 2756 3309 554 Unknown 

FRA-1 U34245 311 831 521 Unknown 

FRA-2 X83971 173 747 575 Yes 

Histone H2b X02621 230 545 316 No 

..--1 I ST-2 Y07519 240 740 501 Unknown I N 
:.7 
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Table 2: Mouse genes studied in the in vitro phase 

Column 1: Gene 

Column 2: GenBank number 

Column 3: Forward base pair primer start number 

Column 4: Reverse base pair primer start number 

Column 5: Predicted base pair size of gene product 

Column 6: Reflects if the primers flank a noncoding intron 



....., 
,.~t' 

·~ ,) 

!Y. 

-FOS~B,-~-~-' ---~ I _ X14897 

MMP1 X66473. 

MMP3 X66402 

MMP7 L36244 

MMP9 Z2723-1 

MMP10 X76537 

MMP11 Z12604 

Osteonectin X12697 

~I BMP4 X56848 

C-JUN J04115 

.lUN-D J04509 

_____ 1267 

399 

56 

199 

510 

126 
-

214 

64 

428 

1160 

I 535 

1750 

923 

486 

775 

1013 

665 

705 

547. 

969 

1690 

I 970 I 

484 

525 

30 

577 

504 

540 

492 

484 

542 

531 

436 I 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

- I 
·I 

N 
w 
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Table 3: Mouse genes studied in the in vitro phase 

Column 1: Gene 

Column 2: GenBank number 

Column 3: Forward base pair primer start number 

Column 4: 5'to 3' sequencefor forward primer 

Column 5: Reverse base pair primer start number 

Column 6: 5' to 3' sequence for reverse primer 



- -- - _;.=.__.....,.- --- - -_:_,...-_ 

~$W$}flj}f ~ti~~t~J~I~~ti~If~I~~t~Iff~II~ftiiH~~~1II~1~JIIttt~~Hf~III~~It~I~J~l :~$~~~~i~P:!ffi~f!bt Imttit~tii~IIi~{;~;~}i~tiiiilJIIIliii~;~;~{iii~ili~i~i~iHJ~}if~;~;~};~}ifli~i~iliJIH 
cFOS I J00370 2096 GCAGACTGAGATTGCCAA TC 2620 CAG CTI GGG AAG GAG TCA G 

I 

JUNb I' J03236 399 TGT CTC TAC ACG ACT ACA AAC 875 AGT AAC TGC TGA GGT TGG 

cMYC I X01023 821 CAT CCT ATG TIG CGG TCG CTA C 1365 I TIC AGA GTC GCT GCT GGT GG 

Histone H-4 I J00422 257 ATG TCT GGC AGA GGA AAG 523 I TACACCACA TCC.ATAGCG 
-

Osteocalcin L24431 31 CCA GAC CTA GCA GAC ACC ATG 452 CCTCCTGCTTGGACA TGAAG 

·GAPDH M32599 309 CCG GTG CTG AGT ATG TCG TG 905 TGC TGT TGA AGT CGC AGG AG 

Cyclophilin M60456 174 GAG ATG AAT CTG TAG GAC G 508 GTC TGT CTI GGT GCT CTC · 
--
~Actin. M12481 72 GAC TCC TAT GTG GGT GAC GAG I 492 I CATGAGGTAGTCCGTCAGGTC 

Osteopontin J04806 66 GAC CAT GAG A TT GGC AGT G 485 TCG ACT GTA GGG ACG ATT G 

BSP-2 120232 396 CAC ACT CTC GGG TGT AAC 931 CGT TCT CGT TGT CAT AGA C 

Acid M99054 2310 GGCCAA TGCCAAAGAGATC 2718 CGT TGC CAA GGT GAT CAT G 
phosphatase 

I I 

Collagen I U08020 2756 CTG CTG GTG AGA AAG GAT C I 3309 I AGA GAA GCC ACG ATG ACC 

FRA-1 U34245 311 TIT GTG CCA AGC ATC GAC 831 AGT ACG GGT CCT GGA GAA AG 

FRA-2 X83971 173 AGG ACC TGC AGT GGA TGG TAC 747 GCT GAT GGG CTI GAT GAC AG 

Histone H2b X02621 230 CAA GGC CCA GAA GAA GGA C 545 GGA GCT GGT GTA CTT GGT GAC 

ST-2 Y07519 240 ACA CTI CCC ATG TAT TIG AC 740 TIC ATC ATC ATG AGT CAC G IN 
... , ~ 

_,;. 
0 
k.~ 
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Table 4: Mouse genes studied in the in vitro phase 

Column 1: Gene 

Column 2: GenBank number 

Column 3: Forward base pair primer start number 

Column 4: 5'to 3' sequencefor forward primer 

Column 5: Reverse base pair primer start number 

Column 6: 5' to 3' sequence for reverse primer 



FOS-B I X14897 I 1267 I 

MMP1 X66473 399 

MMP3 X66402 56 

MMP7 L36244 199 

MMP9 Z27231 . 510 

MMP10 X76537 126 

MMP11 Z12604 214 

Osteonectin X12697 64 

.. 

BMP4 X56848 428 

C-JUN J04115 1160 

JUN-O. J04509 535 

l.l 
~ 
~) 

,f~ 

GTG TCA GTA CCT GTC TTCG 1750 

TGT CCC ATI CTG.AAG TGG 923 

GTG TGG TIG TGT GCT CAT C 486 . 

GCAGGTOTA TICCATGTG 775 

CGG ACA TTG TCA TCC AGT TIG 1013 

ACA AAG CCA GCT AAC TIC 995 

GTC TCA TIG GGT CCC TAG 705 

GACTACATCGGACCA TGC 547 

TAG TTT GAT ACC TGA TAC CG 969 

CAG TCC AGC AAT GGG CAC ATC 1690 

GTA CGC AGT TCC TCT ACC CG 970 

~ 
AAG TCG ATC TGT TCA GCT C 

· TAA AGA TCA TAG TTT CTC CTCG 

TIC AGA GAT CCT GGA GAA AG 

CGA TGT CTI CTI GGT GTG 

GGG TAG GGC AGA AGC CAT AC 

TCT TGG GAA GCC TTT ATC 

GCT GTG GTG TGT. TGT AGC 

ACT TAG ATC ACC AGA TCC TIG 

GTC TGG TGT CCA GTA GTC G 

TGC CTI GAT CCG CTC CTG AG 

GCC TIG ATG CGT TCT TGC 

----------------- --· 

N 
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Table 5: Rat genes studied in the in vivo phase 

Column 1: Gene 

Column 2: GenBank number 

Column 3: Forward base pair primer start number 

Column 4: Reverse base pair primer start number· 

Column 5: Predicted base pair size of gene product 

Column 6: Reflects if the primers flank a noncoding intron 



Hexokinase _____ 1-~ M~8971- 395 -· 934 540 Unknown 

GAPDH M17701 242 649 408 Unknown 

Fit 1M U04317 826 . 1372 547 Unknown 

FitlS - U04319 576 1208 633 Unknown 

C-FOS X06769 527 952 426 Yes 

C-MYC M18819. 220 534 315 Unknown 

FRA-1 M19651. 635 1050 416 Unknown 

FRA-2 U18982 263 729 467 Unknown 

Acid M76110 266 779 514 Unknown 
Phosphatas~ 

Alkaline I J03572 I 321 I 790 I 469 I Unknown 
.. Phosphatase 

Osteocalcin X04141 145 344 200 Unknown 

Collagenase M60616 445 844 400 Unknown 

Collageni - - M12198 _. 8 133 126 Unknown 

Collagen III M21354 105 508. 404 Unknown 

Osteoprotegrin U94330 212 656 445. Unknown 
I 

N 
..--1 0\ 

1-' SJ . 
5" (.) r-v, 



Table 6: Rat genes studied in the in vivo phase 

· Column 1: Gene 

Column 2: GenBank number · 

Column 3: Forward base pair primer start number 

Column 4: Rever~e base pair primer start number 

Column 5: PrediJted base pair size of gene product 

Column 6: Reflects if the primers flank a noncoding intron 

i: 



..-1 ,, -s
,./ r,: 

·-c;;' 

I 

Tenascin I 
Fibronectin I 
EIIIA 

M261-3-7 -- -- -- -- -- __ J5_ ____ -------

U09361 7 

X15906 5181 

----- -- 32_5 __ -- -- 291 
- -- --

770 764 

5785 605 

Unknown 
--

Unknown 

Unknown 

N 
.....J 



Table 7: Rat genes studied in the in vivo phase 

Column 1: Gene 

Column 2: GenBank number 

Column 3: Forward.base pair primer start number 

Column 4: 5' to 3' sequence for forward primer 

Column 5: Reverse base pair primer start number 

Column 6: 5,' to 3' sequence for reverse primer 



Hexokil)ase M68971 395 CTT TGT GAG GTC AAC TCC G I 540 I TCA ATA TGA CGC ATT TCC TC 

GAPDH . M17701 242 CCA TCA CCA TCT TCC AGG I 649 I CAG GGA TGA TGT TCT GGG 

FitlM · U04317 826 CTA CAC ATG TCG ATT CAC TC 1372 I TCT CCA GAA CAG AGC AAC 

Fit1S U04319 576 CTC GAC AGT AGA TGG ATC AG 1208 I GCA ATT TGT GAG AGA CAC tC 

C-FOS. · X06769 527 GCA GAC TGA GAT TGC CAA TC 952 CAG CIT GGG AAG GAG TCA G 

C-MYC M18819 220 AGT AAT TCC AGC GAG AGA C 534 AGA GGC AGA GAA CAC TGT C 

FRA..;1 M19651 635 CGG AGA CCG ACA AGT TGG AG 1050 CAA AGC CAG GAG TGT GGG AG 

FRA-2 . U18982 263 AGC TGC AGA AGG AGA AGG 729 ITA CAG AGC CAG CAG TGT G 

Acid M76110 266 AAC CGT GCA GAT TAT GGG 779 .CAA TGG CCT CAA GTT CIT G 
Phosphatase 

Alkaline I J03572 I 321 I TIC CTG GGA GAT GGT ATG I 790 I TGA TGT TGT GCA TTA GCT G 
Phosphatase 

I I 

Osteocalcin X04141 145 GCC TIC ATG TCC AAG CAG I 344 I ACG GTG GTG CCA TAG ATG 

Collagenase M60616- . 445 TACCAGGATCCA TGA TGG 844 TGG GTC ACA CIT CTC TGG 

Collagen I · · · M12l98 . 8 AGA TGG TGC TCC TGG TGC CA G 133 TCA CCA CGG TCG CCA TIC TTG 

Collagen III l\'121354 105 TGA MG AGG ATC TGA GGG 508 GACTGGCATTTATGCATG 

Osteoprotegrin U94330 212 ATT ATG ACC CAG AAA CCG 656 I TTT CCT TIC TGA ATT AGC AG 

N 
A 00 
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Table 8: Rat genes studied in the in vivo phase 

Column 1: Gene 

Column 2: GenBank number 

Column 3: Forward base pair primer start number· 

Column 4: 5' to 3' sequence for forward primer 

Column 5: Reverse base pair primer start number 

Column 6: 5' to 3' sequence for reverse primer 

I 



PTH 

Calcitonin 

Tenascin 

Fibronectin, 
EIIIA 

M54875 

M26137 

U09361 

X15906 

23 

35 

7 

212 

TAT CTC CTT ACC CAG ACG 292 ATC CAC ATC AGC TTT GTC 

CTT TCC TGG TTG TCA GCA TC 325 TGT GAA ACT TGT TGA AAT TTG 

GCA GAC ACA AGA GCA AGC 770 GTC CAC ACC TCT GAG GCT AC 

TGT GAC AGG TTA CAG AGT GAC 656 GGT TGA TTT CTT TCA TTG G 



RESULTS 

Prior to beginning t~?-e experiments using PCR techniques, an agarose gel was 

prepared with known amounts of DNA (Life Technologies, Grand Island, NY) and 

electrophoretically separated. This procedure demonstrated the capabilities of the 

fluorescent scanning system (Molecular Dynamics STORM 860, Sunnyvale, CA) used in 

our experiments. The Storm 860 can be used for quantitative and qualitative ·analyses of 

samples, if known amounts of samples are used. Figure 1 (970523) represents an 

agarose gelthat was scanned by the Storm 860 unit. Lanes 1-3 represent a 2 J.ll sample, 

lanes 4-6 represent a 4 J.ll sample, and lanes 7-9 represent an 8 J.ll sample. The 6 different 

dsDNA fragments are represented by the letters A - F. The more dense, and therefore, the 

d~ker the band, the more DNA there is present in that band. For example, the 8J.ll sample 

should show bands that are more de~se than the bands for the 4 J.ll and 2 J.ll samples. 

Figure 2 is a graph of pixel density plotted against quantity of DNA. Ideally, the 

graph of the densities should be straight lines for the different amounts evaluated. 

Pi petting errors may be one reason for the failure of these lines to be perfectly straight. 

To determine the amounts of RNA isolated in both the in vivo and in vitro 
1 

' 

experiments, ~ standard curve was generated from known amounts of RNA. Figure 3 
I 

! ! 

represents thh~ high range standard curve. The amounts of RNA in the murine cell 

30 
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cultures and the r~t femurs were extrapolated from this curve. Table 9 lists the amounts 

of RNA present in the cell cultures. The amount of RNA ranged from 120 ng/ml to 435 

ng/ml. Table 10 lists the amounts of RNA present in the rat femurs. The amount ranged 

from 20 ng/ml to 490 ng/ml. 

A. In vitro studies 

These experiments assessed the effects of insulin on cell cultures of murine 

calvarial cells. These cells were obtained from newborn pups as described previously 

(Raez, 1997). These cells are thought to consist primarily of cuboidal cells with a cell 

morphology that did not show contact inhibition when grown to ~onfluence. Also, these 
' . 

cells were positive for alkaline phosphatase. 

Samples <;>f RNA were scre~ned initially for gross changes in gene-specific 

mRNAs by RT -~CR amplification an~ agarose gel electrophoresis. Init~al ·screening was 

performed for 27 g·enes (Tables 1-4) representing early response, as well as, molecular 

markers of bone metabolism. Those genes which showed evidence of detectable changes 

were analyzed in: more det.&il. 

Glyceraldehyde - 3 - phosphate dehydrogenase (GAPDH) was used as the 

"housekeeping g~ne" throughout the in vitro studies. The housekeeping gene is assumed 
i 

: I 

not to be affected or minimally affected with the addition of insulin. Beta actin and 
. I . 

cyclophilin ~er~ screened also for use as a normalizing gene, but showed more variation 
I 
I 

with addition of :insulin than ~id the GAPDH gene. Figure 4 (980312-1) represents the 

GAPDH and the! acid phosphatase PCR products. The,GAPDH PCR product has a 
I . 

I 
i 

f 
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predicted base: pair size of 597. There is a faint band present at 597 base pairs in the 5 

min, 15 min, 30 min, 60 min and 120 min time periods after insulin addition to the cell 

cultures. The :acid phosphatase PCR product has a predicted size. of 409 base pairs. At . 

all time periods studied (5 min, 15 min, 30 min, 60 min and 120 min) after insulin 

addition, a PCR product band is present at the 409 base pair site. In addition to the band 

at the 409 ba~e pair site, additional PCR product bands were present at approximately 

500 base pairs and 200 base pairs. The density of the acid phosphatase PCR products 

remained fairly constant throughout the various time periods following insulin. 

The pixel density of the PCR products present in the agarose gel in Figure 4 were 

computed. Figure 5 represents a bar graph of the pixel densities. The acid phosphatase 

PCR product ( 409 base pairs) showed the greatest pixel density 5 min after the addition 

of 1 o-7 M insulin. The 15 min time period had the least dense band of the 5 time periods 

tested for the acid phosphatase product. At 30 min, the pixel density of the band was 

·n:early as dense as the band in the 5 min test. The density of the PCR product band at the 

60 min time period was similar to the value obtained for the ·15 min time period. The last 

time period tested was at 120 min. The density of the acid phosphatase PCR pr~duct 

band at this time· period was similar to the densities of the 5 min and 30 min time periods. 

The GAPDH PCR product pixel densities changed very little throughout the time periods 

studied. The values of the GAPDH PCR product densities were similar to the density of 

' i 
the acid pho~ph~tase PCR product at the 120 min time period. 

l 

Oste~c-al~in expression was also studied in the mouse cell culture model. Figure-6 
. :. : 

: I 

(980312-2) r~pr~sents the GAPDH and osteocalcin PCR products tested at 5 min, 15 

·:;. I' . . . 

:• . 

. I 
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min, 30 min, 60 rhin and 120 min after the addition of 10-7 M insulin to the cells. 1 

I 

GAPDH was· used as the "housekeeping gene" in this experiment. It is similar in 

appearance to the GAPDH product band observed in Figure 4. The osteocalcin PCR 

product was present at all time periods. The 30 min PCR product band was the least 

dense of all the bands present for the osteocalcin P~R product. The osteocalcin PCR 
,. '' . . -- ' ' 

product bands at -the 60 min and 120 min time periods had densities similar to the band 

present for osteocalcin at the 5 min time period._ 

The pixel densities of the PCR products present in the agarose gel in Figure 6 

were comput~d. ;Figure 7 represents a bar graph of the pixel densities. The osteocalcin 

PCR product at the 60 min time period had the greate~t pixel density of any time period 

tested. The 120 min period and 5 min period pixel densities were similar in density to the 

I 

60 min period. The 15 min pixel density was similar to the average density seen in the· · 

. GAPDH proclucL The 30 min osteocalcin product had the least dense band seen in any of 
I 
I 

the GAPDH or osteocalcin products studied. It had less then one-third the density of the 

5 min, 60 min at?-d 120 min osteo~alcin bands. The GAPDH PCRproducts bands showed 

i 

little variation t!foughout all the times studied. 
i 

In vivo studies: 1 

The ~o~ts of RNA in the rat femur samples were determined with RiboGreen 
i I 

RNA kits and rufe summarized in Table 10. Nineteen different genes representing both 
. i 

bone specific g~nes and e~ly response genes were studied during the in vivo phase. The 
. I . 

i I . 

three bone sl?ecific genes more closely studied were alkaline phosphatase, acid 
I 

. ! 
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phosphatase and psteocalcin. Fos related antigen-] ifra-1) was the fourth gene studied. 

Fra-1 is an early response gene which along with other early response genes helps to 

regulate cell metabolism. 

The femur RNA obtained from the two diabetic (hyperglycemic) rats was studied 

by reverse transcription polymerase chain reaction ~ethods. Specifically, the acid 

phosphatase, alkaline phosphatase, osteocalcin and fra-1 genes were studied. Figure 8 

(970815-2) shows a scanned image of the diabetic femur PCR products. Neither alkaline 

phosphatase nor acid phosphatase were expressed in the two rats in this group. In 

contrast, osteocalcin yielded a band of approximately 396 base pairs in both these 

animals. One o~ these rats had a band at the expected 200 base pair product. Als~, the 

.fra-1 early response gene was expressed in both of the rats . 

. ·Normal femur RNA from three rats was studied for the presence o.r.abs~nce of 
I 

! . 

acid phosphatase, alkaline phosphatase, osteocalcin andfra-1. Figure 9 (970815-1) shows 

a scanned imagd of the normal femur RNA. Neither aJkaline phosphatase nor acid 

phosphatase was expressed in any of the femur RNA from these rats. However, 

I 

osteocalcin was [expressed in all three rats, although the PCR product was of the 3 96 base 

pair size instead of 200 base pair size. The fra-1 PCR product was seen in two of the 

three rats in the :group. 
I i 

Thre~ hierglycemic rats received 3 U of regular insulin 30 min prior to sacrifice. 

·Acid phosphata~e, alkaline phosphatase, osteocalcin and fra-1 were studied using the 

reverse transcriptase polymerase chain reaction method on extracted femur RNA. Figure 
I 

10 (970818-2) ik_a scanned image of the gel. The 30 min gel suggests there are more 
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genes being expressed than in the other groups studied. Alkaline phosphatase was absent 

in all three rats. Acid phosphatase was present in two of the three rats, with the third rat 

showing a faint band of the expected 514 base pair size. Two additional bands of 

approximately 200 base pairs and 700 base pairs were observed in one of the specimens. 

The predicted size of the acid phosphatase PCR product in the rat is 514 base pairs. 

Osteocalcin was expressed in all three rats. For all three rats, two additional PCR product 

bands were observed in the osteocalcin lane. These additional bands appear at 

approximately 400 and 500 base pairs. The intensity of the band at 200 base pairs 

(expected size) is much darker than the other two bands in the osteocalcin lanes. The 

fra-1 PCR product was detected in two of the three rats. 

Two hyperglycemic rats received 3 U_ of regular insulin 120 min prior to sacrifice. 

Acid phosphatase, alkaline phosphatase, osteocalcin and fra-1 were studied using the 

reverse transcriptase polymerase chain reaction method OJ?. extracted femur RNA. Figure 

11 (970818-3) is a scanned image of the gel. The alkaline phosphatase PCR product was 

present in one of the rats, while the acid phosphatase PCR product was present in both 

rats. Additional acid phosphatase PCR product bands were present in one of the rats. 

The osteocalcin PCR product was expressed by both rats, with one of the rats showing 

bands at 400 and 500 base pairs. The.fra-1 PCR product was expressed in one of the rats. 

A study was conducted to check for DNA contamination in the RNA extracted 

l 
from rats which received insulin 30 min prior to sacrifice. RNA samples were studied 

using the reverse transcription polymerase chain reaction method. Figure 12 (971121) is 

a scanned imag¢ of the gel from this study. Lanes 2 and 4 were run with reverse 
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transcriptase. L~anes 3 and 5 were run without reverse transcriptase. If DNA 

contamination were present~ bands would be observed in these lanes. If DNA 

contamination were not present, no bands would be present in the lanes without the 

reverse transcriptase. The results ofthe experiment showed no DNA contamination of 

the RNA in 2 rats. One rat showed a showed a PCR product band of 400 base pairs in the 

osteocalcin lane without the reverse transcriptase. 



Figure 1: Image of low mass DNA ladder calibration gel 

Two pl (lanes 3-5), four pl (lanes 6-8), or eight pl (lanes 6-8) samples of the 

DNA mass ladder were e1ectrophoretically separated on a 2% agarose gel, stained with 

SYBR Green I, and imaged on a Molecular Dynamics Storm 860 system. DNA bands 

represent molecules of 2000bp (A), 1200bp (B), 800bp (C), 400bp (D), 200bp (E), and 

100bp (F). Lane 1 is a 1 kilobase DNA ladder usedfor size estimation ofPCRproducts 

in experimental gels. 
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Figure 2: Linear response of Storm 860 fluorescence imaging system and SYBR 

Green /-stained DNA 

Pixel density of the bands of DNA in the agarose gel is plotted against the 

amount (ng) of DNA present in each band Pixel densities represent quantified values 

from Figure 3. 

The diamond line graph represents the 2 pl DNA sample. 

The square line graph represents the 4 pl DNA sample 

The triangle line graph represents the 8 pl DNA sample 
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Figure 3: Standard curve for RiboGreen RNA quantitation assay 

The graph represents the high range standard curve obtained when known 

amounts of RNA, mixed with RiboGreen reagent, were excited at 485nm 

and the emission was recorded at 530nm. The amounts of RNA in mouse 

and rat samples were extrapolated from this curve. 



10000 

9000 

8000 

7000 

6000 
Cl) 
u c 
Cl) 
Cl) 5000 ! 
0 
:I 
u:: 

4000 

3000 

2000 

1000 

0 

:0 
C-.'"' 
vJ 

-

0 200 

RiboGreen RNA Quantitation 

400 600 

RNA (ng/ml) 

800 1000 1200 

w· 
\0 



40 

Table 9: The Amounts of RNA Isolated from Murine Bone Cell Cultures 

OSTEOBLASTS AMOUNT OF RNA PRESENT 
(nglml) 

'. 

control 120 

30 min control 140 

5 min insulin addition 435 

15 min insulin addition 300 

30 min insulin addition 275 

60 min insulin addition 250 

120 min insulin addition 290 
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Table 10: The Amounts of RNA Isolated from Rat Femurs· 

RAT NUMBER GROUP. AMOUNT OF RNA 
PRESENT (nglml) 

80 control 440 

. 81 control 280 

82 control 275 

83 uncontrolled diabetic 340 

84 uncontrolled diabetic 150 

85 30 min insulin injection 80 

86 30 min insulin injection 190 

87 30 min insulin injection 20 

88 120 min insulin injection 42 

91 120 min insulin injection 490 



Figure 4: 2% agarose gel of murine cell culture osteoblast RNA studied by RT

PCR 

The acid phosphatase a~J,d glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) PCRproducts were studied in the murine osteoblast cell dulture after 

receiving 1 o-7 M insulin. The PCR products were evaluated 5, 15,3 0, 60 and 120 

min after the .addition of insulin. 

Lane 1: Acid phosphatase ·@ 5 min 

Lane 2: GAPDH@ 5 min 

Lane 3: Acid phosphatase @15 min 

Lane 4: GAPDH@l5 min 

Lane 5: Acid phosphatase@ 30 min 

Lane 6: GAPDH@ 30 min 

Lane 7: Acid phosphatase @ 60 min 

Lane 8: GAPDH@ 60 min 

Lane 9: Acid pho~phatase @ 120 min 

Lane 10: GAPDH@ 120min 

Lane 11: 1 Kilo base ladder 
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Figure 5: The bar graph represent the pixel density of the bands in the gel seen in 

Figure4. 

# 1 Acid phosphatase 5 min after insulin addition 

#2 Acid phosphatase 15 min after insulin addition 

#3 Acid phosphatase 30 min after insulin addition 

#4 Acid phosphatase 60 min after insulin addition 

#5 Acid phosphatase 120 min after insulin addition 

#6 ·GAPDH 5 min after insulin addition 

#7 . GAP DH 15 min after insulin addition 

#8 GAPDH 30 min after insulin addition 

#9 GAPDH60 min after insulin addition 

# 10 GAP DH 120 min after insulin addition 

! ' 
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Figure 6: 2% agarose gel of murine cell culture osteoblast RNA studied by RT- · 

PCR 

The osteocalcin and glyceraldehyde-3-phosphate dehydrogenase 

(GAP DH) genes were studied in the n:zurine osteoblast cell culture after receiving 

, 10 -7 M insulin. The g~nes were evaluated 5, 15,3 0, 60 arzd. 120 min after the 

addition of insulin. 

Lane 1: 1 Kilo base ladder · 

Lane 2: Osteocalcin @ 5 min 

Lane 3: GAPDH@ 5 min 

Lane 4: Osteocalcin @ 15 min 

Lane 5: GAPDH@ 15 min 

Lane 6: Osteocalcin @ 3 0 min 

Lane 7 GAPDH@ 30 min 

Lane 8: Osteocalcin @ 60 min 

Lane 9: GAP DH@ 60 mtn 

Lane 10: Osteocal(:in@ 120 min 

i 

Lane 11: GAPDH:@ 120min 
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Figure 7: The bar graph represent the pixel density of the bands in the gel seen in 

Figure 6. 

# 1 Osteocalcin 5 min after insulin addition 

) 

#2 Osteocalcin 15 min after insulin addition 

# 3 Osteocalcin 3 0 min after insulin addition 

#4 Osteocalcin 60 min after insulin addition 

#5" Osteocalcin 120 min after insulin addition 

#6 GAPDH 5 min after insulin addition 

#7 GAPDH 15.min after insulin addition 

#8 GAPDH 30 min after insulin addition 

#9 GAP DH 60 min after insulin addition 

# 10 GAP DH 120 min after insulin addition 
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Figure 8: 2% agarose gel of rat femur RNA studied by RT-PCR 

This gel sho.ws the PCR products from the alkaline phosphatase, acid 

phosphatase, osteocalcin and fra-1 genes from 2 hyperglycemic (diabetic) rats. 

Lane 1: Alkaline phosphatase 

Lane 2: Acid phosphatase 

Lane 3: Osteocalcin 

Lane 4: Fra-1 

Lane 5: 1 Kilobase ladder 
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Figure 9: 2% agarose gel ofratfemur RNA studied by RT-PCR 

This gel shows the PCR products from the alkaline phosphatase, acid 

phosphatqse, osteocalcin and fra-1 genes from 3 normal rats. 

Lane 1: 1 Kilo base ladder 

Lane 2: Alkaline p~osphatase 

Lane 3: Acid phosphatase 

Lane 4: Osteocalcirz 

Lane 5: Fra-1 
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Figure 10:1% agarose gel of rat femur RNA studied by RT-PCR 

This gel shows the PCR products from the alkaline phosphatase, acid 

phosphatase, osteocalcin and fra-1 genes from 3 hyperglycemic rats which received 

3 U of regular insulin 30 min prior to sacrifice. 

Lane 1: 1 Kilo base ladder 

Lane 2: Alkaline phosphatase 

Lane 3: Acid phosp~atase 

Lane 4: Osteocalcin 

Lane 5: Fra-1 
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J 

Figure 11:2% agarose gel of rat femur RNA studied by RT-PCR 

This gel shows the PCR products from· the alkaline phosphatase, acid 

phosphatase, osteocalcin and fra-1 genes from 2 hyperglycemic rats which received 

3 U of regular insulin 120 min prior to sacrifice. 

Lane 1: Alkaline phosphatase 

Lane 2: Acic/ phosphatase 

Lane 3: Osteocalcin 

Lane 4: Fra-1 

Lane 5: 1 Kilo base ladder 

! . 

I 
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Figure 12: 2% agarose gel of rat femur RNA studied by RT-PCR and PCR 

This gel sc~eened for DNA contamination in the 3 specimens which received 3 
I 

I 

U of regular insulir 30 min prior to sacrifice. The acid phosphatase and 
! 

• I 

o~teocalcin PCR products were studied by running one sample with the reverse 

transcriptase enzyme and the other sample without the reverse transcriptase enzyme. 

Lane 1: 1 Kilobasd ladder 
I 

Lane 2: Acid phosRhatase 
! 

Lane 3: Acid phos1hatase without reverse transcriptase 

! 

Lane 4: Osteocalcin· 
I 

Lane 5: Os~eocalcil without reverse transcriptase 
i 

I 
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'DISCUSSION 

The i~ _vitro experiments were designed to. identify bone cell genes that can 

i 
respond to insulin in a murine bone cell culture system. Calvaria from mouse pups were 

I • 

! 

used as the SO\lfCe of the bone cells. A cell culture model has the advantage of not having 

some of the in~ividual differences often seen in in vivo studies. Seve~al· different proto

oncogenes and typical bone cell genes were selected for study. The murine osteoblasts 

were grown to: confluence in a serum enriched medium. Twenty-four hr prior to the 

beginning ofan experiment, the medium was removed and replaced with a serum and 

insulin-free m~dium. Insulin was then added to the cell cultures for a specific period of 

time prior to e~tracting the RNA from the osteoblasts. The time periods studied were. 5 
j . 

min, 15 min, 3'0 min, 60 min and 120 min. 

These in vitro studies allowed us to screen and quantitate insulin responsive 
I . 
I' 
I 

murine bone cell genes. These data indicated that osteocalcin and acid phosphatase genes 
I 

I 
were expressed at each of the time periods studied. The pixel densities of the PCR bands 

! 

from the differ~nt time periods were compared to determine if either osteocalcin or acid 

phosphatase gdne activity varied temporally. The acid phosphatase PCR product was 

present at all J the tested time periods. In addition to the predicted acid phosphatase , 
. I 

band, there wete two additional bands present at all time periods studied. The predicted 

51 
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product band size was 409 base pairs. The other bands appeared at the 200 and 500 base 
I 
I 

pair sites. T~e additional bands seen with the acid phosphatase PCR product could be the 
I I 

result of a spl~ce variant in the processing ofthe mRNA. This would make the PCR 

product obseo/ed to be larger than anticipated. Conversely, if variants in the splicing 

i 
eliminate some of the coding exon segment of the DNA, then the resultant PCR product 

I 

would be sho~er th~ the predicted base pair size. The GAPDH PCR product was 

expressed in ~ll the time periods tested. The streaking seen in the lanes with the GAPDH 

primers _may have been a result of too much RNA in the sample, although the amount of 

RNA for the acid phosphatase primers appeared to be correct. 

When ·comparing pixel densities in the acid phosphatase PCR product at different 

time points,. the greatest activity was seen 5 min after the insulin addition, whereas the 
. ' 

I 

least amount qf activity was ~seen 15 min after the addition or"the insulin. The pixel 
i 

densities of th~ 3 0 min and 120 m~n time periods were similar to the density of the 5 min 
I 
I 

sample. Acid phosphatase is generally agreed to be a marker for osteoclasts .. This quick 

I . . 

response ofth~ acid phosphatase gene observed in this cell culture.could be indicative of 

osteoclastic prbcess that proceeds new bone formation (Oates and Cochran, 1996). 
i 

The osteocalcin PCR product was expressed in all the time periods studied, 
i 

although the d¢nsity ofthe band at the 30 min time period was the least dense of any of 
I 

the bands. Th~ osteocalcin PCR product with the greatest pixel density occurred 60 min 

after the insuli administration. The 120 min and 5 min bands had pixel densities very 

close to that Se~n at 120 min post insulin administration. Osteocalcin is believed to be 
I 
I 

associated witij the mineralization of the extracellular matrix. During the mineralization 
! . 

I 

I 
I 
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I 

phase, the exttacellular matrix prod~ced by the osteoblast becoines mineralized (Neufussi 

i 
et al., 1997). lrhe mineralization phase in osteoblast development follows the ! . . 

proliferation Jnd extracellular matrix maturation phases. The calvaria cells used in this 
I 

study were se~ded and cultured for only a few days before testing. It is unlikely that they_ 
! ' . 

had reached ajmineralization phase. However, it has also been observed that these cells 
I 

! 

typically expr~ss some level of osteocalcin RNA throughout growth periods and probably 

do not mimic the established model of osteoblast development ( Stein and Lian, 1996). 

For the in vivo studies, rats were made hyperglycemic by chemical ablation of the 

pancreatic Be~a cells. This created a hyperglycemic rat model in which to study the 

effects of insulin on different bone cells. Three of the bone cell genes studied in vivo 

represented th~ three different phases of osteoblast growth and differentiation. The three 

phases are: cetl proliferation phase, matrix deposition phase and mineralization phase . 
. I 

Since bone resorption and deposition are coupled processes, the fourth gene studied 

I 

represents bonb resorption. 
I 

The fr~-1 gene is most active in the proliferation phase of osteoblast 

I 

development, the alkaline phosphatase gene is most active in the matrix deposition phase, 
! 

and the osteoc~lcin gene is most active in the mineralization phase. The acid 
I 

I 
phosphatase gene is most active during ·bone resorption. By looking at the expressed 

I . 

RNAs, the effJcts of insulin ori bone cell expression within the nuclens of the cell at a 

given time can be inferred. In contrast, serum or urinary measurements cannot show the 

same immedia~e response. 
I 
! 
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The t~o hyperglycemic rats which did not receive insulin did not show bands for. 
I 

either the alkJline phosphatase or the acid phosphatase PCR products. However, 

I 
osteocalcin PCR products were present in the samples from both of these rats. One 

I ' 
I 

. sample displayed a band at approximately 400 base pairs, whereas the sample from the 

second rat displayed two bands. One band was at 200 base pairs and the other band was 

I 

at 400 base pairs. As seen in the cell culture data, the additional bands seen could be a 

result of either a splice. variant, possible DNA contamination or multiple copies of the 

osteocalcin ge:ne (Rahman et al., 1993). · 

In the normal animals, we did not observe PCR products for either the alkaline 

phosphatase gene or the acid phosphatase gene in any of the Samples from 3 rats in this 

group. The··o~teocalcin PCR product was present in al13 specimens; The size of the PCR 
i 

! 

product in all B animals· was not of· the predicted size.· The expected size for the rat 
! ' . 
I 

osteocalcin PdR product was 200 base p·airs. The s~ze in the.se samples appeared to be 

400 base pairs~ 
! 

This unexpected PCR product could be the result of multiple copies of the 
i 
I 
; 

osteocalcin ge~e which has been observed previously (Rahman et al., 1993) Rahman 
I 

(1993) found rb.ultiple osteocalcin genes in rats from the same breed, but bred in different 

I 
farms. Additi~nal reasons for the appearance of the extra osteocalcin PCR product bands 

·could be variakons in the RNA splicing and/or DNA contamination. DNA contamination 

could have o~urred during the separation of the RNA phase of the TRizol reaction. 

In rats ~acrificed 30 min after receiving 3 U of insulin, the alkaline phosphatase 

. I. 
PCR product was not expressed. In contrast, the aci~ phosphatase PCR product was 
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I 

expressed in 2 of the 3 rats, with the third rat showing a slight band at the expected base 

pair site. Thil up-regulation of the acid phosphatase gene may be indicative of 

osteogenesis. The bone remodeling process is a coupled process in which osteoclastic 
I 

activity occur~ prior to osteoblastic activity (Oates and Cochran, 1996). The number of 

osteoclasts oJ·the endosteal and endocortical surfaces of bone in diabetic rats is decreased 
I 

i 

(Romero et al~, 19?5). At the ultrastructural level acid phosphatase activity is rarely 

I 

detected (Kan:eko et al., 1990). In a study by Verhaeghe et al., (1992), 3 U of insulin 

given to diab~tic rats normalized the osteoclast surface and increased the osteoblast and 
I . 

osteoid surfacb. What we observed in our experiments on the acid phosphatase PCR 

I 

product was s~milar to these previous findings from (V erhae~he et al., 1992). The 

osteocalcin P~R product was expressed in all 3 rats in this group at the predicted site. In 
I 

diabetic rats, ~erum osteocalcin levels are decreased (Takeshita et al., 1993). It has been 

shown in humb studies that well controlled diabetic individuals had improved serum 

osteocalcin le~els when compared to poorly controlled diabetic individuals (Sayinalp et 
! 

al., 1995). Wi~h the administration of insulin to the hyperglycemic rats, our experiment 

showed an inc!rease in the predicted PCR product for osteocalcin. 
I 

The h~erglycemic rats which received 3 U of insulin 120 min prior to sacrifice 
I . . . .. 

expressed the klkaline phosphatase PCR product in 1 of the 2 rats. The acid phosphatase 
I 

PCR product tas expressed in both of the rats, with one of the rats showing multiple 

ban9s in the lape. The osteocalcin PCR product was expressed by bot11 rats. Qne of the 

' i . . ' 

rats showed additional ban~s at 400 and 500 base pairs. As in the. rats that received 
! ' " 

insulin 30 min[ prior to sacrifice, the expression of the acid phosphatase PCR product in 

I 
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the rats which received insulin 120 min prior to sacrifice may signal osteogenesis. The 

120 min period was the only period in which the alkaline phosphatase PCR product was 

observed. The expr~ssion of the alkaline phosphatase PCR product in this group of rats 

may signal the beginning of the maturation phase of the osteoblast development. In 

contrast to the expression of the alkaline phosphatase PCR product, the presence of the 

osteocalcin PCR-product would indfcf,lte that some osteoblasts were in the differentiation 

phase. 

A control for DNA contaminatio·n of the RNA samples· was.also used. By running 

the samples th~t were not treated with reverse transcriptase enzyme, additional bands 

present in the gel would indicat~ DNA contamination. In the samples run with the 

reverse transcriptase, the PCR products would be present as normally seen. Figure 12 

(971121) sho~ed there was no contamination ofthe RNA in 2 of3 rats which received 
I 

insulin 30 miJ prior to sacrifice. However, one rat showed possible DNA contamination 

in the osteocafcin PCR product. 

The quality of the primer design could be the cause of the additional bands seen in 

the gels. The primers are designed using sequences submitted by other researchers to the 

Genbank. It laybe that either these sequences were incorrectly identified, the particular 
I I 

strain of the rht/mouse used may show some variation from the· ones used in our study, or 
I . . 
I , . 

there may be thultiple forms of RNA from the genes being studied. 

The Jditional bands in the osteocalcin and acid phosphatase PCR products , 
i 
I 

present in the rats which received insulin 30 min prior_ to sacr~fice_ were isolated and 
i 

purified prior ~o determining the genetic sequence (MCG Institute for Molecular 

I 
I 
I 
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I 

Medicine and Genetics). The sequence analysis showed that the gene products contained 

both the exons: and the intron from the gene. This analysis suggested that either DNA 

contamination was present in the RNA samples obtained from the femurs, or that a 

unspliced RNA was present. By running the mRNA with and without the reverse 

transcriptase enzyme, it was concluded that the additional PCR product band was most 

likely unspliced RNA and not DNA contamination. 

In conclusion, the results of this study suggest that 3 U of regular insulin produced 

an upregulation in the expre~sion of the osteocalcin and acid phosphatase gene in diabetic 

rats. 



SUMMARY 

This project was undertaken to study how insulin affects rodent bone cell genes. 

The project had an in vitro component in which insulin's action on murine osteoblast 

genes at 5 min, 15 min, 30 min, 60 min, and 120 min after insulin addition were studied. 

The in vivo component looked at insulin's action on normal and hyperglycemic rat femur 

bone cell genes at 30 min and 120 min after insulin administration. 

Genes were studied in vitro and in vivo by extracting RNA from bone cells. A 

reverse transcription polymerase chain reaction _(RT-PCR)procedure was used to obtain 

' ' ' : . 

PCR products from the extracted RNA for specific genes being studied. The PCR 
i 

products were! placed in a 2% agarose gel, separated electrophoretically, stained with a 
i 

I 
fluorescent nucleic acid dye and assayed using a scanning densitometer. In vitro obtained 

RNA was studied both qualitatively and quantitatively, whereas in vivo obtained RNA 

was studied qualitatively. 

I .. 

In vitr? studies showed the osteocalcin PCR product to be most dense 60 min 

after insulin a~dition with similar activity observed at the 5 and 120 min time period. 15 
I 

. ' i 

and 30 min time periods showed considerably less PCR product density. The 5 min acid 

phosphatase ~CR product was the most dense with similar high densities seen at the 30 

! 
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and 120 min t~me p~riods .. 1 ~ and 60 min time periods showed considerably less PCR 

product density. 

In vivo studies resulted in all rat femur RNA expressing a PCR product for the 

osteocalcin gene. The fra-1 PCR product was found in 7 of the 10 femur RNAs studied. 

The acid phosphatase PCR product was present in 4 of the 10 femur RNAs studied with 

all 4 of these RNAs having been extracted from rats which had received 3U of regular 

insulin 30 min or 120 min prior to sacrifice. The alkaline phosphatase PCR product was 

faintly expressed in one femur RNA studied which had received 3 U of regular insulin 

120 min prior' to sacrifice. 

In summary, the administration of 3 U of regular insulin to hyperglycemic rats 

resulted in the expression of the acid phosphatase PCR ·product which was not observed 

in hyperglyce~ic or normal (control) rats. This finding could be significant since acid 

i 
phosphatase i~ a marker for osteoclastic activity which normally precedes osteoblastic. 

activity. Although clear patterns of quantitative differences were not demonstrated 

within the control and treatment groups, some of the qualitative changes suggest that 

many of thes~ genes are responsive to insulin. 
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