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The Androgenic Activity of Exemestane and its Primary Metabolite, 17-Hydroxy Exemestane, Reduces Bone Loss 
Breast cancer is a prevalent cancer among women and the second most frequent cause of cancer death. About 75% of breast cancers are positive for the estrogen receptor with estrogen as the growth stimulus for breast cancer. Thus, treatments for estrogen receptor breast cancer mainly involve adjuvant endocrine therapies. Such therapies work by blocking de novo synthesis of estrogen, and competitively inhibit estrogen by binding to the estrogen receptor. Deprivation of estrogen signaling is necessary to deter the growth of the breast cancer. Most patients receive up to 5 years of endocrine therapy after surgery, therefore it is necessary to understand their underlying effects.1
Aromatase inhibitor (AI) therapy is the most effective therapy for estrogen receptor positive, post-menopausal breast cancer patients in phase III clinical trials.2 AIs are anti-hormonal drugs that antagonize the growth-stimulatory effects of estrogen. These estrogen depleting drugs block the enzyme, aromatase, which converts androgens to estrogens.3 However, estrogen deficiency leads to bone loss. Therefore, AI use is limited in patients with an increased susceptibility to bone fractures,4-8 and breast cancer survivors have a 31% increased risk of fragility fracture compared with the general population.9 Therefore, understanding the underlying adverse effects of AIs is crucial to developing more effective breast cancer therapeutic strategies. 
There are two types of AIs: the reversible non-steroidal inhibitors, anastrozole and letrozole, and the steroidal inactivator, exemestane (EXE).10 EXE and its metabolite, 17-hydroxy exemestane (17-H-EXE), appear to have dual effects on the bone. Both block aromatase from binding androgens and synthesizing estrogens causing an increase in bone loss. However in a preclinical trial, exemestane, unlike letrozole or anastrozole, demonstrated no detrimental effects on bone mineral density7 and even had protective bone effects in ovariectomized(OVX) rats.11 EXE and 17-H-EXE also have androgenic structures. Androgens, such as testosterone and androstenedione, play an important role in the maintenance of skeletal development and are responsible for stimulating bone formation.12 Since the steroidal structures of EXE and 17-H-EXE are similar to that of androstenedione and bind to the androgen receptor with low affinity, both may demonstrate a protective effect on bone.13 However, this mechanism has yet to be confirmed.
Bone is continuously being remodeled by osteoblasts (bone formation cells) and osteoclasts (bone resorption cells). Osteoclast primary cell lines have yet to be established since they are only available in very small numbers, are in a nonproliferative state, and are contaminated by other cell types.14 Therefore, it has become necessary to derive osteoclasts from CD14+ osteoclast precursor cells by culturing them with osteoclast differentiating factors.15-17 In CD14+ osteoclast precursor cells, testosterone has shown direct inhibitory effects on their differentiation into osteoclasts.15 Since EXE and 17-H-EXE have an androgenic structure and binds the androgen receptor similar to testosterone, it is hypothesized that EXE and 17-H-EXE will also have an inhibitory effect on the differentiation of osteoclast precursor cells into osteoclast cells. Also, antagonizing the androgenic activity of EXE and 17-H-EXE with an anti-androgen will aid in establishing whether it is this specific activity that is responsible for the protective effect on bone.
In OVX rats, EXE and 17-H-EXE have demonstrated protective effects on bone when compared to anastrozole and letrozole.11, 18 While it appears the androgenic effects of EXE and 17-H-EXE play a role in preventing bone loss associated with AIs, this has yet to be determined. In previous experiments, the androgen antagonist bicalutamide abrogated the androgen bone protective effect.19 Therefore, bicalutamide can be a useful tool for understanding the mechanism of EXE and 17-H-EXE. Administering bicalutamide to EXE or 17-H-EXE treated OVX rats will elucidate whether the androgenic activity of EXE and 17-H-EXE causes bone protective effects.
The overall goal of our research is to elucidate the bone protective effect of EXE and its primary metabolite, 17-H-EXE. Our central hypothesis is that the androgenic activity of EXE and 17-H-EXE is responsible for the observed reduction in bone loss compared to the nonsteroidal aromatase inhibitors, anastrozole and letrozole. In this proposal, we will ask the following questions: (1) do AIs have a direct effect on osteoclast differentiation, (2) do AIs have an indirect effect on the bone metabolsm of OVX rats, and (3) does blocking the androgen receptor change the effect of EXE and 17-H-EXE on osteoclast differentiation or the bone mineral density of OVX rats? 

Aim 1: To determine the effect of the androgenic activity of exemestane and its primary metabolite, 17-hydroxy exemestane, on osteoclast precursor differentiation into osteoclast cells. We hypothesize that the androgenic effects of EXE and 17-H-EXE will result in a greater inhibitory effect on the differentiation of CD14+ osteoclast precursors compared to letrozole and anastrozole. Also, inhibiting the androgenic effects of EXE and 17-H-EXE with an anti-androgen will cause CD14+ cells to differentiate into osteoclast cells at a similar rate as the non-androgenic AI- treated osteoclast cells.

Aim 2: To determine the effect of the androgenic activity of exemestane and its primary metabolite, 17-hydroxy exemestane, on the bone mineral density (BMD) of rats. We hypothesize that the androgenic effects of EXE and 17-H-EXE will result in less of a decrease in BMD compared to letrozole and anastrozole. Also, antagonizing the androgenic effects of EXE and 17-H-EXE with an androgen antagonist will result in a similar decrease in BMD as seen with letrozole and anastrozole.

Research Project
Background and Significance
Breast Cancer and Endocrine Therapies
Breast cancer is a prevalent cancer among women and the second most frequent cause of cancer death. Breast cancer tissue has been found to have significantly higher concentrations of estradiol compared to nonmalignant breast tissue.20 Also, about 75% of breast cancers are positive for the estrogen receptor with estrogen being the growth stimulus for the breast cancer. Thus, treatments for breast cancer mainly involve adjuvant endocrine therapies that block the synthesis of estrogen or compete with estrogen for the estrogen receptor. Deprivation of estrogen signaling is necessary to deter the growth of the breast cancer. These therapies starve tumor cells of the growth promoting effects of estrogen, inhibiting estrogen signaling.1 
There are currently two forms of treatment that inhibit estrogen signaling: selective estrogen receptor modulators (SERMS) and aromatase inhibitor (AI) therapy. Previously, the SERM therapy tamoxifen was the preferred adjuvant therapy.1 Tamoxifen binds the estrogen receptor inhibiting the binding of estrogen to the estrogen receptor (Figure 1). Yet, it exhibits mixed agonist/antagonist activity throughout different tissues in the body.21 It has antagonistic effects on breast cancer tissues inhibiting their growth. However, it has partial agonistic effects on other tissues protecting against bone loss and cardiovascular disease. Unfortunately, several of the agonistic effects of tamoxifen cause serious negative side effects including hotflashes, mood disturbances, vaginal discharge and bleeding, invasive endometrial cancer, and thromboembolic disease, contraindicating their use in many patient populations. Due to the severity of these side effects, the discovery of AIs has become critical to increasing life expectancy of post-menopausal breast cancer patients. 
Recently, AI therapy has become more preferable and efficacious than tamoxifen therapy for estrogen receptor positive, post-menopausal breast cancer patients in phase III clinical trials.1, 2, 22 Patients receiving AI therapy are at less risk of the potentially life-threatening toxicities associated with tamoxifen.23 Also, patients on AIs have increased disease free survival compared to those on tamoxifen. Therefore, the depletion of estrogen concentrations is a more efficacious therapy than blocking its action, so AI therapy has displaced tamoxifen as the standard for endocrine therapy treatment in these patients.23-25 					

Figure 1. The Mechanism of Estrogen Action
The aromatase enzyme converts androstenedione and testosterone to estrone and estradiol, respectively. Estradiol then binds the estrogen receptor activating a signaling cascade that emits estrogen receptor-mediated effects, including but not limited to cell proliferation. The endocrine therapies aromatase inhibitors and tamoxifen inhibit this pathway in different ways. The AIs bind the aromatase enzyme inhibiting the synthesis of estrone and estradiol from androstenedione and testosterone, respectively. Tamoxifen is an ER agonist/antagonist which binds the estrogen receptor(ER) and has either agonist or antagonist activity depending on the tissue type. 


Aromatase Inhibitor Endocrine Therapy Treatment
AIs are anti-hormonal drugs that block the growth-stimulatory effects of estrogen. Estrogens are principally produced by the ovaries in premenopausal women. However, after menopause the ovaries cease to produce estrogens, but estrogen is still synthesized in nonovarian tissues through the aromatization of circulating androgens to estrogens by the aromatase enzyme.26 Aromatase is a member of the cytochrome P450 (CYP) 19 family of enzymes and is the final enzymatic step in catalyzing the biosynthesis of estrogens. AIs interact with this aromatase enzyme blocking the binding of androgens to the catalytic site and inhibiting the estrogen signaling pathway as seen in Figure 1.3, 27 Therefore, androgens are no longer catalyzed into estrogens and peripheral estrogen synthesis is suppressed, reducing the estrogen plasma concentration levels. 28
There are two types of AIs: the reversible non-steroidal inhibitors anastrozole and letrozole, and the steroidal inactivator exemestane (EXE).10 The non-steroidal inhibitors interact noncovalently and reversibly with the heme moiety of aromatase.22 EXE and its primary metabolite, 17-hydroxy exemestane (17-H-EXE), have steroidal structures similar to the androgen, androstenedione, and bind irreversibly to the active site of aromatase inactivating it. The differences in binding between nonsteroidal and steroidal AIs lead to divergent effects on aromatase, and therefore, possible differences in efficacy and side effects.29 
Although AI therapy has become a standard treatment for post-menopausal women with estrogen-receptor positive breast cancer, there are adverse side effects involved with treatment. These side effects include menopausal symptoms, bone loss, and musculoskeletal symptoms. Many of these adverse effects cause patients to discontinue the therapy and consequently lose the efficacy of AI treatment.23 

The Role of Sex Steroids in Bone Maintenance
Estrogens play a major role in the maintenance of skeletal tissues and are responsible for reducing bone resorption.12 Therefore, estrogen depletion accelerates the loss of bone mass. During menopause, estrogen levels are naturally depleted accelerating the loss of bone mass and increasing the risk for osteoporosis and fracture. Additionally, postmenopausal breast cancer patients who receive AI treatments have more severely depleted estrogen levels, putting them at a higher risk for osteoporosis and fractures. 
Since estrogen deficiency leads to increased bone turnover and bone loss, AI use is limited in many patients due to increased incidence of fractures and musculoskeletal symptoms.4-8 Also, there appears to be a correlation between bone loss and breast cancer since postmenopausal breast cancer patients have been found to be at a greater risk of osteoporosis and fracture than healthy women of the same age.30 Finally, breast cancer survivors have a 31% increase risk of fragility fracture compared with the general population.9 Therefore, postmenopausal women diagnosed with breast cancer and receiving AI treatment are at a greater risk for bone loss. 
Another class of sex steroids, androgens, also plays an important role in the maintenance of skeletal tissues and is responsible for stimulating bone formation. The androgens, testosterone and androstenedione, are involved in reducing fracture risk.12 In post-menopausal women, the administration of androgens along with estrogens results in higher concentrations of bone-formation markers than estrogens alone.31 Therefore, androgens have a beneficial effect on the maintenance of bone mineral content. 

Aromatase Inhibitor Effects on Overall Bone Maintenance  
It is most likely that the three AIs have differences in efficacy and side effects, so it becomes necessary to determine which AI is most beneficial for patients at high risk for bone loss. As previously stated, EXE and 17-H-EXE appear to have dual effects on the bone. Both block aromatase from binding androgen and synthesizing estrogen causing an increase in bone loss. And, since the steroidal structure of EXE and 17-H-EXE is similar to androgens (Figure 2) and bind to the androgen receptor, one or both may exhibit a protective effect toward bone tissues via androgen receptor binding.13 Therefore, EXE therapy would be most beneficial for patients at high risk for bone loss. Additionally, 17-H-EXE is a more potent androgen agonist then EXE. Since rats metabolize drugs differently than humans, it is necessary to test any androgenic metabolites of EXE as well. Therefore, our studies will also focus on the androgenic activity of 17-H-EXE. 

Figure 2. Exemestane and its primary metabolite, 17-hydroxy exemestane, are structurally similar to the Androgens, Androstenedione and Testosterone. The structural similarity also allows for androgen receptor binding and possible activation of the androgen receptor signaling pathway.


The establishment of surrogate markers for bone loss, such as decreases in bone mineral density (BMD) and increases in bone turnover markers (BTMs), have aided in the study of bone loss among patients participating in AI clinical trials.27 Bone is a dynamic tissue composed of inorganic minerals, calcium and phosphate, and an organic matrix, type I collagen. Therefore, bone loss can be detected by decreases in BMD measurements and increases in BTMs found in the serum and/or urine. For example, C-terminal telopeptide of type 1 collagen (CTx) is a degradation product of type 1 collagen found in the bone. 
The three AIs appear to have differing effects on bone tissue in clinical trials involving post-menopausal women with breast cancer. In one clinical trial, anastrozole increased BTMs by 12.2-20.8% and induced a decrease in BMD of 4.0% in the lumbar spine and 3.2% in total hip following one year of treatment.7, 32 Letrozole is similar to anastrozole in its effects on bone surrogate markers. In another clinical trial, letrozole increased BTMs by 15% after 6 months and decreased BMD in lumbar spine and total hip by 2.6% and 2.1%, respectively.33 In a third clinical trial, EXE increased levels of BTMs and decreased BMD of 2.2% in the lumbar spine and of 2.7% in the femoral neck.34 However, patients receiving exemestane therapy had an overall increase in serum levels of the bone-formation marker PINP after 24 weeks of administration, which suggests that EXE has a bone formation effect.7 These clinical trials are difficult to interpret since most have prior use of tamoxifen, and the termination of therapy has been associated with BTM increases and BMD decreases in post-menopausal women. Thus, some of the bone loss effects of AIs may be a result of the completion of tamoxifen therapy. 

Bone Remodeling and Cellular Activity
[image: ]Bone is continuously being remodeled by osteoblasts (bone formation cells) and osteoclasts (bone resorption cells). Osteoclasts and osteoblasts communicate to couple bone formation and bone resorption.35, 36 An imbalance between these two cell types causes bone abnormalities including osteoporosis and osteopetrosis. Osteoclast and osteoblast communication is vital in bone maintenance. The two cell types can make direct contact, form gap junctions, and send out diffusible paracrine factors in order to initiate communication and intracellular signaling. 36 The most studied form of communication between the two cell types is the interaction of the pre-osteoblast Receptor Activator for Nuclear Factor k B Ligand (RANKL) and the pre-osteoclast RANK, the receptor for RANKL. This interaction is necessary for deriving osteoclasts in a pathway known as osteoclastogenesis (Figure 3).

Figure 3. Osteoclastogenesis (Matsuo et al. 2008)
Osteoclasts are derived from hematopoietic stem cells (HSCs). HSCs give rise to monocyte/macrophage common progenitor cells which differentiate into either mononuclear pre-osteoclasts or monocytes. The mononuclear pre-osteoclasts fuse with each other to form multinuclear osteoclasts. Whereas the monocytes differentiate into macrophages.

Osteoclasts are derived from hematopoietic stem cells (HSCs) in the bone marrow. The HSCs differentiate into monocyte/macrophage common progenitors and then into mononuclear pre-osteoclasts. Osteoclast formation is restricted to the bone surface; therefore these mononuclear pre-osteoclasts must then tightly adhere to the bone before fusing with each other to form large multinuclear osteoclasts. Osteoclasts are the largest type of fusion cells, some containing more than 100 nuclei, which are used to cover large areas of bone. After fusion, the multinuclear osteoclasts are then re-organized, polarized, and obtain osteoclast-specific structures. 35
Osteoclasts have specific structures that aid in bone resorption. They become polarized and re-organize themselves to form new cytoskeleton structures. The sealing zone and ruffled borders develop on the basal side in order to adhere to the bone and secrete protons/acid, respectively. The sealing zone also prevents proton and acid leakage. The apical side enables the discharge of dissolved bone debris. Synthesis of the vacuolar proton pump and acids are used to dissolve the bone mineral in the process of bone resorption.35, 36  	

The Direct Effect of Aromatase Inhibitors on Bone Cells
Previous studies have reported that the steroidal AI exemestane has proliferative effects on an osteoblast cell line, hFOB, in comparison to other non-steroidal AIs.37 However, there are no studies evaluating the effects of AIs on osteoclasts since osteoclast primary cell lines have yet to be established. Osteoclast cell lines are difficult to use experimentally since they are only available in very small numbers, are in a nonproliferative state, and are contaminated by other cell types.14 Therefore, it has become necessary to derive osteoclasts from peripheral blood mononuclear cells (PBMCs) by culturing them with RANKL, macrophage-colony stimulating factor (M-CSF), TNF-α, and dexamethasone. These molecules can stimulate the osteoclast precursor differentiation and attempt to mimic the in vivo environment.15, 35 Also, studies demonstrate that a more purified osteoclast population can be established by selecting CD14+ PBMCs.38 
In CD14+ osteoclast precursor cells cultured in vitro, testosterone inhibited the formation of osteoclasts.16, 40 This suggests that testosterone has a direct inhibitory effect on osteoclast precursor differentiation, thus, inhibiting bone resorption and bone loss. However, EXE has not been tested. Since exemestane has an androgenic-like structure and binds the androgen receptor similarly to testosterone, it is possible that it will also inhibit the differentiation of osteoclast precursors. Therefore, EXE, unlike the nonsteroidal AIs, appears to have dual effects on bone, i.e. aromatase inhibition and androgen activation. The ratio of these two effects may determine the variable drug responses.  

Significance
AI therapy has become the standard drug treatment for post-menopausal women with estrogen-receptor positive breast cancer; however, AI toxicity profiles are still being determined. The adverse effects of AIs on bone have serious implications for breast cancer patients, including osteoporosis and increases in fracture risk. It is essential to examine the long-term clinical impact of AIs since aromatase plays an important role in numerous physiological processes: including the production of estrogens and its maintenance of bone tissues. 
The AIs, EXE, anastrozole, and letrozole, are associated with decreases in BMD and increase in fracture risk. However, EXE and its metabolite, 17-H-EXE, have androgenic activity that may cause an increase in bone formation. EXE and 17-H-EXE decrease AI-induced bone loss in OVX rats and may be more beneficial for patients at high risk for osteoporosis, bone loss, and fractures. Therefore, this proposal focuses on understanding whether the androgenic activity of EXE and 17-H-EXE is responsible for the decrease in AI-induced bone loss. 

Hypothesis
The overall goal of our research is to elucidate the bone protective effect of EXE and its primary metabolite, 17-H-EXE. In this proposal, we will determine the direct effects of AIs on osteoclast differentiation as well as the indirect effects of AIs on OVX rats. Our central hypothesis is that the androgenic activity of EXE and 17-H-EXE is responsible for the observed reduction in bone loss when compared to the nonsteroidal aromatase inhibitors, anastrozole and letrozole.

Specific Aims
To determine the effect of the androgenic activity of exemestane and its primary metabolite, 17-hydroxy exemestane, on osteoclast precursor differentiation into osteoclast cells.
To determine the effect of androgenic activity of exemestane and its primary metabolite, 17-hydroxy exemestane, on the bone mineral density of rats. 

Preliminary Data: 
The Androgen, Testosterone, Inhibits Osteoclast Formation and Resorption. [Hentunen et al. (2005)] Hentunen et al. examined the effect of estrogen and testosterone treatment on osteoclast precursor differentiation into osteoclast cells using TRACP+ staining. Human peripheral blood CD14+ osteoclast precursor cells were cultured in a culture plate in the presence of RANKL, macrophage-colony stimulating factor (M-CSF), TNF-alpha, and dexamethasone to induce differentiation into osteoclast cells. These osteoclast precursors were also treated simultaneously with 10-8, 10-10, and 10-12 M estrogen (Figure 4A) or testosterone (Figure 4B) for 7 days. As shown below in Figure 4A, the addition of estrogen had no significant effect on osteoclast formation at all three concentrations. However, the addition of testosterone had a significant dose-dependent inhibitory effect on osteoclast formation as seen in Figure 4B.15
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Figure 4. The Effect of Estrogen (A) and Testosterone (B) on Osteoclast Formation (Hentunen et al. 2005). Human peripheral blood CD14+ osteoclast precursor cells were cultured on a culture plate for 7 days in the presence of RANKL, M-CSF, TNF-, and dexamethasone as well as treated with increasing concentrations of estrogen or testosterone. At the end of 7 days, TRACP+ multinucleated cells were counted. Control was a nontreated culture and contained 571  12 TRACP+ multinucleated cells. ***p<0.001

Next, Hentunen et al. analyzed the effect of estrogen and testosterone on mature osteoclast cells for bone resorption activity. CD14+ osteoclast precursors were cultured on bovine bone slices for 7 days to obtain mature resorbing osteoclasts. After 7 days, fresh media was added along with increasing concentrations of estrogen and testosterone. Finally, CTx analysis of the culture media was performed. Estrogen inhibited bone resorption activity at higher concentrations (Figure 5A). Whereas, testosterone treatment exhibited a dose-dependent decrease in bone resorption (Figure 5B).15 
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Figure 5. The Effect of Estrogen (A) and Testosterone (B) on the resorption activity of human osteoclasts (Hentunen et al. 2005). Osteoclasts were induced for 7 days, then new media was added along with increasing concentrations of estrogen or testosterone. Cultures were continued for 3 days and CTx (nM) released from bone slices was determined by ELISA analysis. The control was a nontreated culture and contained 11.0  1.2 nM CTx. *p<0.05, ***p<0.001.

Finally, Hentunen et al. blocked the androgen receptor to determine whether the binding of testosterone to the androgen receptor was causing the inhibition in osteoclast resorption. CD14+ osteoclast precursor cells were induced to osteoclast cells for 7 days and then treated with testosterone and/or flutamide, an androgen inhibitor, blocking binding of testosterone to androgen receptors as well as any effect mediated by androgen receptors. As shown below in Figure 6, flutamide antagonized the inhibitory effect of testosterone on osteoclast bone resorption.15 
This data indicates that testosterone has an inhibitory effect on osteoclast formation from CD14+ osteoclast precursor cells as well as osteoclast resorption activity. Also, the inhibitory effect of testosterone on osteoclast resorption appears to be caused by the binding of testosterone to the androgen receptor. Since exemestane and its primary metabolite, 17-hydroxy exemestane, have an androgenic structure and bind the androgen receptor, it is likely that both molecules will have a similar inhibitory effect on osteoclast formation and resorption. This inhibition of osteoclast formation and resorption will decrease bone loss, and possibly results in the decreased bone loss seen in exemestane or 17-hydroxy exemestane-treated ovariectomized rats.
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Figure 6. The Effect of Flutamide on Osteoclast Resorption Activity (Hentunen et al. 2005). After 7 days of inducing osteoclast formation on bovine bone slices, media was replaced with the addition of testosterone   (10-8 M) and/or flutamide (10-7 M). CTx (nM) released from bone slices was determined by ELISA analysis. The control was a nontreated culture and contained 11.0  1.2 nM CTx. ***p<0.001




Androgens Reduce Bone Loss in Ovariectomized Rats [Lea et al. (1998)] Lea et al. hypothesizes that ovarian androgens protect against bone loss, particularly in estrogen-deficient states. To test this hypothesis, 210 Sprague-Dawley rats underwent either a sham operation or ovariectomy. The ovariectomized (OVX) rats had either placebo pellets or androstenedione slow-release pellets (1.5 mg and 5 mg) inserted into the back of the neck at the time of the ovariectomy. Cancellous bone volume measurements were performed by a computer-assisted image analyzer after sacrificing the rats at days 21, 60, 90, 120, and 180. The sham rats maintained the cancellous bone volume throughout the experiment. Whereas the OVX rats had a ~50% reduction in cancellous bone volume after the first measurement at 21 days, and a decline of another ~25% over the next 100 days. The androstenedione-treated rats maintained their cancellous bone volume throughout the next 159 days after an initial ~40% reduction measured at 21 days. Overall, the androstenedione-treated rats had a 130% grater cancellous bone volume than the OVX rat group.

[image: http://ajpendo.physiology.org/content/vol274/issue2/images/medium/aend1022403.gif]
Figure 7. The Effect of Androstenedione and Placebo pellets on percentage of cancellous bone volume at proximal tibial metaphysis after ovariectomy of 13- week-old rats (Lea et al. 1998). The rats were broken up into 6 subgroups. Group 1 (n=8) received a sham operation (SHAM). Group 2 (n=6) received a bilateral ovariectomy (OVX). Group 3 (n=8) and group 5 (n=8) received a bilateral ovariectomy and androstenedione slow- release pellets of 1.5 and 5 mg, respectively, (1.5mg A and 5mg A). Group 4 (n=6) and group 6 (n=6) had a bilateral ovariectomy and placebo pellets of 1.5 and 5 mg, respectively, (1.5P and 5P). *P<0.0001 vs. sham. P<0.05 vs. 1.5 and 5 mg Androstenedione. P<0.001 vs. 1.5 and 5 mg Androstenedione.



Lea et al. also associated the loss in cancellous bone with an increase in osteoclast number (Figure 8). The androstenedione-treated rats had a significantly reduced number of osteoclast cells on the bone surface compared to the placebo and the OVX groups. This effect suggests that androstenedione inhibited osteoclast differentiation or reduced the adhesion of osteoclast cells to the bone surface. The decrease in osteoclast cells in the presence of androstenedione suggests a possible androgenic mechanism in osteoclast cell cultures.



[image: http://ajpendo.physiology.org/content/vol274/issue2/images/medium/aend1022404.gif]Figure 8. The Effect of Androstenedione and Placebo pellets after OVX of 13-week-old rats on percentage of bone surface covered with osteoclasts (OCS/BS)(Lea et al. 1998). The rats were broken up into 6 subgroups. Group 1 (n=8) received a sham operation (SHAM). Group 2 (n=6) received a bilateral ovariectomy (OVX). Group 3 (n=8) and group 5 (n=8) received a bilateral ovariectomy and androstenedione slow- release pellets of 1.5 and 5 mg, respectively, (1.5mg A and 5mg A). Group 4 (n=6) and group 6 (n=6) had a bilateral ovariectomy and placebo pellets of 1.5 and 5 mg, respectively, (1.5P and 5P).*P<0.0001 vs. sham. P<0.001 vs. 1.5 and 5 mg Androstenedione.





Methods

Specific Aim 1: To determine the effect of the androgenic activity of exemestane and its primary metabolite, 17-hydroxy exemestane, on osteoclast precursor differentiation into osteoclast cells.

Rationale: Because testosterone inhibits the differentiation of CD14+ osteoclast precursors into osteoclast cells15 (see Preliminary Results), it is hypothesized that the androgenic activity of EXE and 17-H-EXE will also inhibit the differentiation of CD14+ osteoclast precursors thus inhibiting bone loss. Furthermore, OVX rats treated with androstenedione had fewer osteoclast cells on the bone surface suggesting a possible androgenic mechanism in osteoclast cultures. Increasing our understanding of the effects of EXE and 17-H-EXE on osteoclast differentiation and resorption will aid in the understanding of AI-induced bone loss and the possible protective effect of EXE and 17-H-EXE. Here I have chosen to utilize staining methods and assays that identify three factors that are necessary for osteoclast differentiation: (1) the expression of the tartrate-resistant acid phosphatase (TRACP), (2) multinucleation, and (3) bone resorption activity. I will also determine whether the effect on osteoclast formation and resorption is caused by androgen receptor binding, by blocking the androgen receptor with the inhibitor, flutamide. General methods are described in a subsequent section.

Experiments 1-1 to 1-3: For all three experiments, the following methods will be applied. Human peripheral blood CD14+ osteoclast precursors will be isolated from normal volunteers and CD14+ osteoclast precursors will be induced to differentiate in the presence of RANKL, macrophage-colony stimulating factor (M-CSF), TNF-α, and dexamethasone (see General Methods). These growth factors will induce the generation of large multinucleated cells (MNCs) that express TRACP, an enzyme expressed by osteoclasts. At the same time the differentiating factors are administered, CD14+ osteoclast precursors will also be treated with different concentrations of EXE, 17-H-EXE, anastrozole, or letrozole (see General Methods). Since our focus is on the androgenic activity of EXE and 17-H-EXE, anastrozole and letrozole treated cells will be used as controls. A subset of CD14+ osteoclast precursors will be left untreated as a control. Also, letrozole and anastrozole treated osteoclast precursors will be used as a control. Additionally, a subset of each group of CD14+ osteoclast precursors will be treated with flutamide, an androgen receptor inhibitor, to block any androgenic activity. The differentiation of flutamide treated cells will be compared to cells not treated with flutamide.

Experiment 1-1:  Use DAPI nuclear staining to determine whether CD14+ osteoclast precursors have become multinucleated suggesting differentiation into osteoclasts. After cells have been stained with DAPI, fluorescence microscopy will be performed (see General Methods). Statistical analysis will be performed on those cells with 3 or more visible nuclei.15, 16

Experiment 1-2:  Use TRACP staining and TRACP 5b assays to determine whether CD14+ osteoclast precursors have begun to express TRACP suggesting differentiation into osteoclasts.
CD14+ osteoclast precursors will be cultured on bovine bone slices and osteoclast formation will be induced in the presence of AIs. Osteoclasts will be stained for TRACP to identify osteoclast differentiation and resorption activity. Additionally, osteoclast TRACP expression will be further analyzed using the TRACP 5b assay, which will measure the levels of TRACP in each well.15, 16

Experiment 1-3:  Use osteoclast resorption pit staining and assays to determine whether CD14+ osteoclast precursors resorb bovine bone slices suggesting differentiation into osteoclast cells.
CD14+ osteoclast precursors will be cultured on bovine bone slices and osteoclast formation will be induced in the presence of AIs. Cells will be removed from bovine bone slices by soft brushing and then stained with peroxidase-wheat germ agglutinin-lectin and developed in 3,3’ diaminobenzidine tetrahydrochloride solution for osteoclast resorption pits. Finally, the bovine bone slices will be transferred onto glass slides and mounted with glycerol for analysis under light microscopy. 
Additionally, osteoclast resorption will be further analyzed using the osteoclast resorption pit assay, which will measure the levels of CTx, a bone resorption marker, in each well. Cell culture media will be collected and CTx released from the resorbed bovine bone slices will be measured to investigate osteoclastic bone resorption.15, 16

Potential Results: We anticipate that the androgenic activity of EXE and/or 17-H-EXE will result in a greater inhibitory effect on the differentiation of CD14+ osteoclast precursors compared to anastrozole or letrozole. Therefore, after incubation with EXE or 17-H-EXE, fewer CD14+ osteoclast precursors will differentiate into osteoclasts and exhibit TRACP expression, multinucleation, and resorptive activity. Also, we anticipate that blocking the androgenic activity of EXE and 17-H-EXE with flutamide will increase CD14+ osteoclast precursor differentiation to levels similar to anastrozole or letrozole. In conclusion, we predict the androgenic activity of EXE and 17-H-EXE will inhibit the differentiation of CD14+ osteoclast precursors into osteoclasts causing less bone to be resorbed. 

Technical Issues and Alternative Approaches: There may not be a difference between EXE or 17-H-EXE and the other AIs. This would suggest that EXE and 17-H-EXE do not inhibit the differentiation of CD14+ osteoclast precursors more than anastrozole or letrozole. If so, then future experiments will focus on modifying the AI dose ranges. Also, I will perform experiments on fully differentiated osteoclasts, osteoblast precursors, and fully differentiated osteoblasts to determine if the androgenic effects of EXE and 17-H-EXE play a role in bone cell differentiation and proliferation. In addition, experiments will be performed on osteoclasts cocultured with osteoblast cell lines to create as close to an in vivo environment as possible. 
Furthermore, there may not be a difference between CD14+ osteoclast precursor differentiation with and without flutamide. This would suggest that the androgenic activity of EXE and 17-H-EXE did not inhibit CD14+ osteoclast precursor differentiation into osteoclast cells. If this occurs, then I will treat with higher dosages of flutamide or treat with other anti-androgens to further strengthen the result that EXE and 17-H-EXE do not decrease CD14+ osteoclast precursor differentiation. 
Additionally, as with any in vitro model, the system may not exactly mimic the in vivo system. These experiments also do not measure all the activities of the CD14+ osteoclast precursor cells. However, based on other similar studies, this work will provide valuable information related to the direct effect of these drugs on the bone cell activity that can later be tested in animals and clinical studies. Finally, future studies will need to be completed that use reporter assays to determine whether the androgen receptor signaling pathway is being activated in CD14+ osteoclast precursors by EXE and 17-H-EXE.  

Specific Aim 2: To determine the effect of androgenic activity of exemestane and its primary metabolite, 17-hydroxy exemestane, on the bone mineral density of rats. 

Rationale: Because androgens reduce bone loss in OVX rats, we hypothesize that EXE and 17-H-EXE will also reduce bone loss in OVX rats due to their androgenic structures and binding of the androgen receptor. The ovariectomized (OVX) rat is an established animal model that mimics the development of estrogen deficiency in humans.39 In OVX rats, EXE and 17-H-EXE have demonstrated protective effects on bone when compared to anastrozole and letrozole.18 While it appears the androgenic effects of EXE and 17-H-EXE play a role in preventing bone loss associated with AIs, this has yet to be determined. In previous experiments, androgen replacement therapy in OVX rats prevented bone loss in the presence of anastrozole. Since EXE and 17-H-EXE are hypothesized to have androgenic activity, it is probable that both may mimic the androgen replacement therapy and prevent bone loss. Furthermore, the androgen antagonist, bicalutamide, abrogated the androgen bone protective effect.19 Therefore, administering bicalutamide to EXE and 17-H-EXE treated OVX rats will elucidate whether the androgenic activity of EXE and 17-H-EXE causes bone protective effects when compared to anastrozole and letrozole treated rats.

Experiment 2-1: Ten-month-old Sprague-Dawley rats will be subjected to ovariectomy or a sham operation (see General Methods). All rats will be matched according to body weight and assigned to fourteen experimental groups of 6-8 animals each, as follows: group 1, intact controls; group 2, OVX controls; groups 3–5, OVX + EXE (20, 50, or 100 mg/kg); group 6-8, OVX + 17-H-EXE (20, 50, or 100 mg/kg); groups 9–11, OVX + letrozole (20, 50, or 100 mg/kg); groups 12–14, OVX + anastrozole (20, 50, or 100 mg/kg). The intact animals will be subjected to the same general surgical procedure as OVX animals, except the ovaries will not be excised. The administration of the compound will be initiated one day after OVX. All compounds will be given by intramuscular injection once weekly, and the dosing sites for all animals will be alternated between the left and right sides. Sham operated rats and rats receiving no treatment will be used as controls, as well as letrozole and anastrozole. DEXA scans will be completed at 20, 60, 90, 120 and 180 days to determine bone mineral density. Also, after 180 days of no treatment or AI treatment, the animals will be euthanized by cardiac puncture under ketamine anesthesia. The uteri will be removed for weighing and ovariectomy will be confirmed by the absence of ovarian tissue. The whole lumbar spine and femora from each animal will be excised for final measurements of BMD.11, 18, 40

Experiment 2-2: Ten-month-old Sprague-Dawley rats will be subjected to ovariectomy or a sham operation (see General Methods). All rats will be matched according to body weight, will be orally administered the androgen antagonist bicalutamide, and assigned to fourteen experimental groups of 6-8 animals each, as follows: group 1, intact controls; group 2, OVX controls; groups 3–5, OVX + EXE (20, 50, or 100 mg/kg); group 6-8, OVX + 17-H-EXE (20, 50, or 100 mg/kg); groups 9–11, OVX + letrozole (20, 50, or 100 mg/kg); groups 12–14, OVX + anastrozole (20, 50, or 100 mg/kg). The intact animals will be subjected to the same general surgical procedure as OVX animals, except the ovaries will not be excised. Administration of the compound will be initiated one day after OVX. All compounds will be given by intramuscular injection once weekly, and the dosing sites for all animals will be alternated between the left and right sides. Sham operated, no treatment, and bicalutamide only treatment animals, along with all animals used in Experiment 2-1 will be used as controls. DEXA scans will be completed at 20, 60, 90, 120 and 180 days to determine bone mineral density. Also, after 180 days of no treatment or AI treatment, the animals will be euthanized by cardiac puncture under ketamine anesthesia. The uteri will be removed for weighing and ovariectomy will be confirmed by the absence of ovarian tissue. The whole lumbar spine and femora from each animal will be excised for final measurements of BMD (see General Methods).11, 18, 40

Potential Results: We anticipate that the androgenic activity of EXE and/or 17-H-EXE will result in less of a decrease in the BMD of OVX rats compared to anastrozole or letrozole. Therefore, after treatment with EXE or 17-H-EXE for 180 days, OVX rats will have a greater BMD than rats treated with another AI. Also, we anticipate that blocking the androgenic activity of EXE and 17-H-EXE with bicalutamide will decrease BMD to levels similar to anastrozole or letrozole. In conclusion, we predict the androgenic activity of EXE and 17-H-EXE will have less of a decrease in the BMD levels of OVX rats. 

Technical Issues and Alternative Approaches: There may not be a difference between EXE or 17-H-EXE and the other AIs on OVX rats. This would suggest that EXE and 17-H-EXE are not more bone protective than anastrozole or letrozole. If so, future experiments will focus on modifying AI dose ranges and also use static histomorphometry to obtain more accurate measures of bone density. Also, there may not be a difference between the BMD of OVX rats with and without the androgen antagonist. This would suggest that the androgenic activity of EXE and 17-H-EXE did not have a smaller decrease in BMD and thus inhibit bone loss. If this occurs, then I will improve my experiment by administering a larger range of dosages as well as administer other androgen antagonists to reaffirm that the androgenic activity of EXE and 17-H-EXE does not have a smaller decrease in BMD. Finally, the nonspecific effect of blocking all androgens may make it difficult to see the specific effect of bicalutamide on EXE and 17-H-EXE. If this occurs, then I will perform experiments with larger dosages of AIs to establish a greater effect of the androgenic activity of EXE and 17-H-EXE on the BMD.

General Methods: Briefly described are common methods utilized in Specific Aims 1 and 2.

Specific Aim 1:
Culturing human peripheral blood CD14+ osteoclast precursors from normal volunteers. After obtaining 50 mL of blood from normal volunteers, we will isolate the PBMC by diluting the buffy coats in 1:1 phosphate buffered saline (PBS), layering them over Ficoll Paque Plus solution, and centrifuging for 30 minutes at 400g. The PBMC layer will be collected and washed with PBS, then resuspended in α-minimum essential medium (α-MEM) supplemented with 9% fetal calf serum (FCS), 20 mM HEPES, 100 IU/mL penicillin and 100 ug/mL streptomycin. The PBMC will then be further purified by selecting for CD14+ cells. The PBMCs will be washed with magnetic activating cell sorting buffer (MACS) and then filtered and centrifuged at 400g for 15 minutes. The cell pellet will be resuspended in MACS buffer and 107 cells in 80 uL will be mixed with 20 uL of CD14+ antibody-coated microbeads and incubated for 15 minutes at 6oC. The cell suspension will then be applied to a LS+ selection column that was previously washed with 1 mL of MACS buffer and placed at a magnetic separation unit. The column will be rinsed with MACS buffer to displace any unbound cells. After removing the column from the magnetic separation unit, the CD14+ cells bound to the column will be displaced with 15 mL of MACS buffer using a syringe plunger. Finally, cells will be centrifuged at 400g, and the pellet will be collected. 1x105 cells in 30 uL of cell suspension will be cultured on bovine bone slices placed on parafilm and incubated for 1 hr at 37 oC. After the attachment, the bone slices will be transferred to 48-well plates. They will be maintained in 0.5 mL α-MEM containing 9% fetal calf serum (FCS), 20 mM HEPES, 100 IU/mL pencillin,100 ug/mL streptomycin and AIs at different concentrations.15, 16 

Concentrations of EXE, 17-H-EXE, letrozole, anastrozole, and flutamide for Cell Culture. Exemestane (6-methyleneandrosta-1,4-diene-3,17-dione), 17-hydroxy exesmestane ((17b)-17-Hydroxy-6-methyleneandrosta-1,4-dien-3-one),Letrozole(4-[(4-cyanophenyl)-(1,2,4-triazol-1-yl)methyl]benzonitrile), and Anastrozole (2-[3-(1-cyano-1-methyl-ethyl)-5-(1H-1,2,4-triazol-1-ylmethyl)phenyl]-2-methyl-propanenitrile) will be obtained from Dr. Zeruesenay Desta of the Clinical Pharmacology Division. Cell cultures will be treated with 10-8 M to 10-12 M EXE, 17-H-EXE, letrozole, or anastrozole which are comparable to pharmacological inhibition doses of aromatization.37 A subset of cell cultures will be treated with 10-7 M flutamide(Sigma in St. Louis, MO).15 

Induction of CD14+ osteoclast precursors into osteoclasts. CD14+ osteoclast precursors will be cultured in the presence of 20ng/mL RANKL, 10ng/mL macrophage-colony stimulating factor (M-CSF), 10ng/mL TNF-α, and 0.01uM dexamethasone for 7 days on bovine bone slices. These cell cultures will then be evaluated for osteoclast activity using resorption assays and staining, cell proliferation assays, alkaline phosphatase and activity assays.15 

Osteoclast Nuclear Staining: CD14+ osteoclast precursors were cultured in eight-chamber slides (Nunc A/S, Denmark) and osteoclast formation was induced in the presence of AIs as previously described in Methods Specific Aim 1. After 7 days, cells will be fixed with 3% paraformaldehyde for 15 minutes and washed twice with PBS. Osteoclasts will be stained with 300 uL of the fluorescence nuclear counterstain, DAPI (300 nM in PBS, 4',6-diamidine-2'-phenylindole dihydrochloride; Roche Diagnostics, Mannheim, Germany) for 5 minutes in the dark. The osteoclast sample will be rinsed three times with PBS and examined under a fluorescence microscope at the emission wavelength of 455 nm. Statistical analysis will be performed on those cells with 3 or more visible nuclei compared by Student’s t-test.15

Osteoclast TRACP Expression: CD14+ osteoclast precursors attached to bovine bone slices and osteoclast formation will be induced in the presence of AIs as previously described in Methods Specific Aim 1. Osteoclasts will be stained for TRACP to identify osteoclast differentiation and resorption activity. The cells on the bovine bone slices will be washed with PBS and then fixed with 3% p-formaldehyde in BPS for 15 minutes and rewashed with PBS. Cells will be stained for TRACP using Sigma staining methods. After being fixed to a slide, the cells will be incubated in a solution of Naphthol AS-BI phosphoric acid and freshly diazotized Fast Garnet GBC.15, 16
Osteoclast TRACP expression will also be analyzed using the TRACP 5b assay. Rabbit anti-human TRACP antiserum will be incubated in anti-rabbit immunoglobulin G-coated microtitre plates (EG &G Wallac, Turku, Finland) for 1 hour. 200 uL of culture medium will be incubated for 1 hour and the bound TRACP activity will be detected using 8 mM 4-nitrophenyl phosphate as a substrate in 0.1M acetate buffer for 2 hour at 37 oC. 25 uL of 0.32 M NaOH added to the wells will be used to terminate the enzyme reaction. The absorbance will be measured at 405nm.15, 16 

Osteoclast Resorption: CD14+ osteoclast precursors attached to bovine bone slices and osteoclast formation will be induced in the presence of AIs as previously described in Methods Specific Aim 1. Osteoclast resorption pits will be stained to identify osteoclast resorptive activity. Cells will be removed from bovine bone slices by soft brushing and the bone slices will be rinsed with PBS. 50 uL of 20ug/uL peroxidase-wheat germ agglutinin (WGA)-lectin in PBS will be added onto each bovine bone slice and incubated on parafilm for 30 minutes at room temperature. Next, the cells will be washed twice with PBS and then incubated with 0.52 mg/mL 3,3’ diaminobenzidine tetrahydrochloride solution for 15 minutes at room temperature. Finally, the bovine bone slices will be transferred onto glass slides and mounted with glycerol for analysis under light microscopy.15, 16 
Also, resorption pit assay will be performed to identify bone resorption markers. Cell culture media will be collected and CTx released from the resorbed bovine bone slices will be measured to investigate osteoclastic bone resorption with the Serum CrossLaps One Step ELISA from Osteometer (Herlev, Denmark) according to the manufacturer’s instructions.15, 16

Specific Aim 2
Animal Model Protocol: Female Sprague-Dawley rats will be purchased from Harlan (Indianapolis, IN, USA) housed at 22°C with a 12:12-h light/dark cycle, and will be fed rat laboratory diet (Lillico, Betchworth, Surrey, UK) and tap water. The animals will be allowed to acclimatize for 4 weeks, and ad libitum access to both food (TD 89222 diet, 0.5% calcium and 0.4% phosphorus; Teklad, Madison, WI) and tap water. All animals will be matched according to body weight and assigned to a group designated in the following experiments. The rats will be subjected to ovariectomy or a sham operation under halothane anesthesia using a dorsal approach on day 1.11, 18, 40 After intramuscular injection with an AI (20, 50, and 100 mg/kg/week) and/or bicalutamide (5 kg/mg/day) for 180 days, the animals will be euthanized by cardiac puncture under ketamine anesthesia. The uteri will be removed for weighing and ovariectomy will be confirmed by the absence of ovarian tissue. The whole lumbar spine and femora from each animal will be excised for final measurements of BMD. Using data from Lea et al. (1998) and a sample size calculation for continuous variables, we calculated that 6-8 animals would give an 80% power to detect a difference of ~25% in our primary endpoint of BMD. 11, 18, 40

Bone Densitometry: The lumbar spine and left femur of individual animals will be scanned by dual-energy X-ray absorptiometry (DEXA) (Hologic QDR; 4500 A; Hologic Inc., Wathem, MA, USA) using the regional high-resolution scan mode (0.311 x 0.311-mm pixels) with a line spacing of 0.0311 cm and a point resolution of 0.0311 cm. Whole left femur and lumbar vertebrae (the first through sixth vertebrae) will be used in the analysis. The bone mineral content and area will be measured, and BMD was calculated as bone mineral content/area.11, 18, 40, 41

Experimental Timeline:  This proposal is to be accomplished in a three-year time frame.
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The Androgenic Activity of Exemestane and its Primary Metabolite, 17

-

Hydroxy Exemestane, 

Reduces Bone Loss

 

 

Breast c

ancer is a prevalent cancer among

 

women and the second most frequent cause of cancer 

death. 

A

bout 75% of breast cancers are positive for the estro

gen receptor with estrogen as the 

growth stimulus for

 

breast cancer. Th

us

, 

treatments for 

estrogen receptor 

breast cancer mainly 

involve 

adjuva

nt endocrine therapies

. Such therapies work by

 

block

ing de novo

 

synthesis of estrogen

, 

and

 

competitively inhibit estrogen by binding to the 

estrogen receptor. D

eprivation of estrogen 

signaling

 

is 

necessary to deter the growth of the breast cancer.

 

Most pat

ients

 

receive up to 5 years of 

endocrine the

rapy after surgery, therefore it is necessary to understand their underlying effects

.

1

 

Aro

matase i

nhibitor (AI) therapy is 

the most

 

effective 

therapy 

for estrogen receptor positive, post

-

menopausal breast cancer patients in phase III clinical trials.

2

 

AIs 

are anti

-

hormonal drugs that 

antagonize the growth

-

stimulatory effe

cts of e

strogen. These estrogen depleting

 

drugs block the 

enzyme, aromatase, which converts androgens to estrogens.

3

 

However, estrogen deficiency leads to 

bone los

s

. Therefore,

 

AI use 

is 

limited in 

patients 

with an 

i

ncreased 

susceptib

ility to bone 

fractures

,

4

-

8

 

and 

breast cancer survivors have a 31% increase

d

 

risk of fragility fractu

re compared with the general 

population.

9

 

Therefore, understanding the underlying adverse effects of AIs is crucial to developing 

more effective breast cancer therapeutic strategies. 

 

There are two types of AIs: the reversible non

-

steroidal inhibitors

,

 

ana

strozole and letrozole, and 

the 

steroidal

 

inactivator

,

 

exemestane

 

(EXE)

.

10

 

E

XE 

and its metabolite, 17

-

hydroxy

 

exemestane

 

(

17

-

H

-

EXE

)

, 

appear to h

ave dual effects on the bone. Both block

 

aromatase from binding androgen

s

 

and 

synthesizing estrogen

s

 

causing an increase in bone loss. However in a preclinical trial, exemestane, 

unlike letrozole

 

or anastrozole

, demonstra

ted no detrimental effects on 

bone mineral density

7

 

and 

eve

n had protective bone effects

 

in ovariectomized(OVX) 

rats.

11

 

E

XE

 

and 

17

-

H

-

EXE

 

also have 

androgenic structure

s

. 

Androgens

, such as testosterone and androstenedione, 

play an important role 

in the maintenance of skeletal development and are responsible for 

stimulating bone form

ation.

12

 

Since

 

the steroidal structure

s

 

of 

EXE

 

and 

17

-

H

-

EXE

 

are

 

similar to t

hat of androstenedione and bind

 

to the androgen receptor with low affinity, 

both

 

may demonstrate a protective effect 

on bone

.

13

 

However, this 

mech

anism has yet to be confirmed

.

 

Bone is continuously being remodeled by osteoblasts (bone formation cells) and osteoclasts 

(bone resorption cells). Osteoclast primary cell lines have yet to be established since t

hey are only 

available in very small numbers, are in a nonproliferative state, and are contaminated by other cell 

types.

14

 

Therefore, it has become necessary to derive osteoclasts from CD14+ osteoclast precursor 

cell

s by culturing them with 

osteoclast differentiating factors

.

15

-

17

 

In CD

14+ osteoclast precursor cells,

 

testosterone has shown direct inhibitory effects on the

ir

 

differentiation into osteoclasts.

15

 

Since 

EXE 

and 

17

-

H

-

EXE

 

have

 

an androgenic structure and binds the androgen receptor sim

ilar to testosterone, 

it is hypo

thesized

 

that 

EXE and 

17

-

H

-

EXE

 

will also have an inhibitory effect on the differentiation of 

osteoclast precursor cells into osteoclast cells. Also, 

antagonizing

 

the androgenic activity of 

EXE and 

17

-

H

-

EXE

 

with an 

anti

-

androgen

 

will 

aid in 

establish

ing

 

whe

ther 

it is 

this specific activity that is 

responsible for the 

protect

ive effect on

 

bone.

 

In OVX rats, 

EXE and 

17

-

H

-

EXE

 

have

 

demonstrated protective effects on bone when compared 

to anastrozole and letrozole.

11, 18

 

While it appears the androgenic effects of 

EX

E and 

17

-

H

-

EXE

 

play 

a role in preventing bone loss associated with AIs, this has yet to be determined. 

In previous 

experiments

, the androgen antagonist 

bicalutamide

 

abrogated the androgen bone protective effect.

19

 

Therefore, 

bicalutamide

 

can be 

a useful

 

tool for understanding the mechanism of 

EXE and 17

-

H

-

EXE

. 

A

dministering 

bicalutamide

 

to 

EXE 

or

 

17

-

H

-

EXE

 

treated OVX rats will elucidate whether the 

androgenic activity of 

EXE and 

17

-

H

-

EXE

 

causes bone protective effects.

 

The 

overall goal

 

of our research is to 

elucidate the bone protective effect of 

EXE and its primary 

metabolite,

 

17

-

H

-

EXE

. 

Our 

central hypothesis

 

is 

that the androgenic activity of 

EXE and 17

-

H

-

EXE

 

is 

