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Discussion:

The goals of these experiments were to 1) examine the regulation of CREMP2

Luc238 promoter by PTH in osteoblastic MC3T3-E1 cells and determine the signaling

pathway(s) involved and 2) determine whether the state of osteoblast differentiation of

MC3T3-E1 cells alters the PTH response of the CREMP2-Luc238 promoter. Our data

demonstrate that PTH regulates the CREMP2-Luc238 promoter through the cAMP-PKA

pathway.

PTH exerts its biological effects by binding to the PTH/PTHrP receptor that is

found predominantly, but not exclusively, in cells of the osteoblast lineage [31]. Upon

PTH binding, the PTH/PTHrP receptor, a G protein-coupled transmembrane receptor,

activates many signaling pathways causing an increase in intracellular messengers such

as cAMP [32] and diacylglycerol [33], which activate the protein kinase A (PKA) and

protein kinase C (PKC) signaling pathways, respectively. A third second messenger,

inositol 1,4,5-triphosphate [34], is also activated leading to an increase in intracellular

free calcium levels, which can also activate protein kinase C. However, cAMP-PKA is

probably the predominant pathway mediating the PTH-regulated gene expression in

osteoblastic cells [2, 17, 35, 36].

Since PTH can activate multiple signaling pathways, we used pharmacological

activators and inhibitors of several signaling pathways by which PTH regulates

CREMP2-Luc238 expression. Agents that activate the cAMP-PKA pathway such as

FSK, 8-bromo-cAMP and PGE2 increased CREMP2-Luc238 expression. PMA, which

activates the PKC pathway, and ionomycin, which works through the inositol 1,4,5-
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triphosphate system to increase the intracellular levels of calcium, also activating the

PKC pathway, did not increase CREMP2-Luc238 expression. H89, a PKA specific

inhibitor, significantly reduced FSK- and PTH-induced CREMP2-Luc238 activity. FSK

induced PTH(3-34), an analog that lacks the two N-terminal amino acids of PTH and

signals through the PKC pathway and intracellular calcium, but does not activate the

cAMP-PKA pathway [29, 30] was unable to induce CREMP2-Luc238 expression.

Collectively, the data suggest that PTH regulates CREMP2-Luc238 expression in

osteoblastic MC3T3-E1 cells by the cAMP-PKA pathway. It is important to recognize

that utilization of other pathways has been suggested for PTH-induced osteoclast-like cell

formation, bone resorption, and PTH-mediated changes in osteoblastic proliferation [17].

As stated previously, PTH exerts its biological effects by binding to the

PTHIPTHrP receptor. The PTHIPTHrP receptor is a member of a family of G protein

linked, 7 transmembrane domain receptors and binds with equal affinity to PTH and

PTHrP. Although it is generally accepted that cells of the osteoblast lineage are the

primary targets for PTH action in bone, it is not clear at what stage the osteoblastic cell

begins to express surface receptors for PTH [37]. Rouleau et al indicated that an

undifferentiated stromal cell had the greatest receptor binding sites, but others suggest

that the mature osteoblast is more responsive to PTH [37]. McCauley and colleagues

found that the normal differentiation of MC3T3-E1 preosteoblastic cells was

accompanied by a progressive increase in the steady-state mRNA levels for the

PTHIPTHrP receptor. The PTH/PTHrP receptor was low during cell proliferation and

increased once cells began to differentiate. Thus, one would conclude that a more mature
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osteoblast would be more responsive to PTH than a less differentiated osteoblastic cell.

However, our results do not concur with this finding. PTH induced CREMP2-Luc238

expression by an average of 3-fold on day 7. Further culture and differentiation of the

cells did not affect the CREMP2-Luc238 response to PTH stimulation. Similar results

were found when the time course was performed without ascorbate. In this experiment

CREMP2-Luc238 expression was induced 3-fold by PTH on day 3 and remained at that

level throughout the 14 day experimental period. These data suggest that the stage of

osteoblast differentiation may not determine the PTH response of stably stransfected

CREMP2-Luc238 cells.

Several studies report that ascorbic acid (AA) is necessary for the in vitro

differentiation of a variety of cell types, including adipocytes, myoblasts, chondrocytes,

odontoblasts, and osteoblasts. It is thought that the addition of AA stimulates the initial

deposition of collagenous extracellular matrix, followed by the induction of specific

genes associated with the osteoblast phenotype such as the bone/liver/kidney isozyme of

alkaline phosphatase and osteocalcin.[38]. However, our study did not show that AA was

necessary for the differentiation of the stably transfected osteoblastic MC3T3-E1 cells.

As stated previously, we found by Northern blot analysis that osteoblast mRNAs were

expressed on day 7, and the expression level increased on day 14 in the presence or

absence of AA. However, an important factor seems to be the plating density.

Preliminary results showed that on day 7 in the presence of AA and a plating density of

5,000 cells/cm2 differentiation was enhanced. Furthermore, a plating density of 15,000
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cells/cm2 showed greater differentiation than the 5,000 cells/cm2, suggesting that plating

density plays a role in osteoblastic cell differentiation (unpublished observation).

In addition, when a time course was performed without AA, Northern blot

analysis revealed that Col1a1 mRNA was present on day 3 and remained unchanged up

to day 14. BSP mRNA did not appear until day 7, peaked at day 10 and decreased

slightly by day 14. Osteocalcin mRNA was not present on day 3, appeared on day 7 and

was highly expressed on day 14. We can conclude from these data that the length of

culture plays a role in differentiation. In conclusion, our data show that AA is not

necessary for the differentiation of CREMP2-Luc238 stably transfected cells, but the

plating density and length of culture playa role.

As mentioned previously, PGE2 binds to cell surface receptors and activates the

cAMP-PKA pathway [39]. PGE2 induces ICER mRNA expression by reverse

transcriptase-polymerase chain reaction (RT-PCR) in MC3T3-EI cells and neonatal

mouse calvaria [40] as well as playing a role in bone metabolism [11]. The cycle of bone

turnover is divided into periods of activation, resorption and formation. It was reported

for the first time by Klein and Raisz in 1970 that prostaglandins promote bone resorption

by acting on osteoclasts. Such insight into the bone remodeling cycle is very important in

orthodontic therapy. Over the years, orthodontics has evolved with advancing

technology that has produced appliances and new materials that have resulted in

improved results and reduced treatment time. Successful bone remodeling would

produce less histological damage and pain, enhanced tooth movement, shorter treatment
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periods, and more stable results. However, there may be a biological threshold beyond

which bone remodeling and, therefore, tooth movement cannot occur any more quickly.

Studies of factors, such as prostaglandins, which decrease the formation period of

the bone remodeling cycle on the pressure side during tooth movement and use activation

and resorption periods for efficient bone resorption, are considered to be of particular

significance to contemporary orthodontics [12]. Yamasaki et al [41, 42] have shown that

the rate of orthodontic tooth movement increases with local injection ofPGE2 in monkeys

and local injections of PGE1 in humans. Kawata and Yamashita reported that pasting

PGF2a on the oral mucosa of patients resulted in accelerated tooth movement and

alleviated pain during the process [12]. Chao et al reported that PGE2 increases the total

number of osteoclasts and the osteoclastic-resorptive activity during orthodontic tooth

movement [11]. In addition, prostaglandin antagonists have been shown to decrease the

rate of tooth movement by inhibiting the increase of osteoclasts on the resorptive surface

[43] and the differentiation of osteoblasts on the bone-forming surface [44].

Consequently, the future of orthodontics may lie in improving the rate of bone

remodeling. PGE2, in spite of its short-term local effects [11], may be useful in future

clinical orthodontic treatment by its local administration combined with tooth movement.

The combination could possibly lead to increased rates of bone remodeling, tooth

movement, and subsequently, treatment time. The reduction in treatment time may

potentially minimize the possible side effects of orthodontic treatment such as enamel

decalcifications, periodontal disease, and root resorption. Along the cutting edge of

technology, a more complete understanding of how prostaglandins regulate bone

formation and resorption may lead to the development of new therapies.
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