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We identified Fkbp5 as an unloading-induced molecule in osteoblasts and
osteocytes, and collected RNA from the osteoblast-enriched fraction from wild-type and Fkbp5
knockout mice with or without GC treatment, examined osteoblast marker gene expressions. We
performed microarray analysis by using osteoblast and osteocyte fractions. The expression of the
selected genes by gene annotation and pathway analyses was analyzed by real-time reverse
transcription (RT)-PCR.
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Osteoporosisisone of the major age-related diseases, whichis caused by theimbalance of the activities
of osteoblasts (bone formation) and osteoclasts (bone resorption). The maj or types of osteoporosisin human
are postmenopausal osteoporosis, disuse osteoporosis and glucocorticoid (GC)-induced osteoporosis.
Fkbp5 is a co-chaperone to attenuate the function of GR by preventing its nuclear trandocation. We
identified Fkbp5 as an unloading-induced molecule in osteoblasts and osteocytes, and generated Fkbp5
knockout (Fkbp5-/-) mice to reveal the molecular mechanisms of disuse osteoporosis and GC- induced

0steoporosis.

The first purpose of this study is to elucidate the molecular mechanisms for the impaired bone
formation in disuse osteoporosis by identifying therole of Fkbp5 at unloaded condition. The second purpose
of this study is to identify the molecules responsible for the impaired bone formation in GC- induced
osteoporosis and to clarify the mechanism of the reduction of Runx2 protein in GC-induced osteoporosis
using Fkbp5-/-mice. This is an original study, because the role of Fkbp5 in disuse osteoporosis is
completely unknown and Fkbp5-/— mouse is an appropriate model to clarify the mechanism for GC-

induced osteoporosis.

(1) To clarify the molecular mechanism for impaired bone formation in disuse and GC-induced
osteoporosis, we will perform microarray analysis by using osteoblast and osteocyte fractions to identify
the differentially expressed genes among wild-type and Fkbp5—/— mice with or without tail suspension and
with or without GC treatment.

(2) The expression of the selected genes by gene annotation and pathway analyses will be analyzed by
real-time reverse transcription (RT)-PCR. We will generate the expression vectors and siRNA of the
reproducibly differentially expressed genes, introduce them into primary osteoblasts, and examine
osteoblast differentiation by alkaline phosphatase and von Kossa staining. We will also culture them with
or without Dex and examine osteoblast differentiation. We will take RNA and protein to detect the
expression levels of osteoblast marker genes, including Runx2.

(3) We will generate knockout mice of the finally selected genes by in vitro analysis using
CRISPR/CAS9 system, and the phenotypes of the mice with or without tail suspension and with or without
GC treatment will be analyzed by histological and micro-CT analyses. The differentiation and functions of
osteoblasts will be examined by in situ hybridization, real-time RT-PCR, and Western blot analyses of
osteoblast marker genes and proteins. A loxP inserted mouse will also be established if necessary, and we
will use 2.3 kb Collal promoter GFP-Cre transgenic mice, which we established, to generate osteoblast-
specific knockout mice.

(4) To investigate the relationship of GR, Fkbp5 and Runx2, we will perform immunocytochemistry
using GR and Runx2 antibodiesto observetheir localization in wild-type and Fkbp5—/— primary osteoblasts
with or without Dex treatment. Further, we will perform co-IP to examine the binding of GR and Runx2
with or without Dex treatment. Next, we will study how Runx2 protein level isregulated by Dex. First, GR

protein level after Dex treatment will be examined. Next, we will examine GR and Runx2 protein stability



in Dex treatment using CHX (protein synthesis inhibitor) and GR and Runx2 ubiquitination by Dex
treatment using MG132 (proteasome inhibitor). If GR is not involved in the reduction of Runx2 by Dex

treatment, we will find the responsible genes by microarray analysis.

We identified Fkbp5 as an unloading-induced molecule in osteoblasts and osteocytes. We generated
Fkbp5-/— mice. To examine the disuse osteoporosis, tail suspension was used for an animal model for
unloading. Previous reports showed that, after tail suspension of C57BL/6 micefor 2 weeks, bone formation
is mildly inhibited, bone resorption is markedly enhanced, and bone loss occurs. In our mouse model, in
physiological condition, the bone volume of Fkbp5-/— mice was like that of wild-type mice. After tail
suspension, bone loss was more severe in Fkbp5-/— mice than wild-type micein micro-CT analyses (Fig.1).
To examine glucocorticoid (GC)-induced osteoporosis, implantation of prednisolone or injection of
dexamethasone (Dex) were performed in wild-type and Fkbp5-/— mice. The GC treatment reduced cortical
bone volume and bone formation more severely in Fkbp5-/— mice than wild-type mice (Fig.2, 3). These
finding indicated that Fkbp5 inhibits bone loss in unloading and GC treatment.
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Fig 2. micro-CT analyses

Secondly, there are some reports showed
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ratio in stromal cells and osteoblastic cells [4-7]. Excess GCs o
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osteoclasts[8]. In contrast, we identified Dex inhibit osteoclast
number (Trap stain) and osteoclasts function (pit assay) in vitro cell co-culture (data not shown).

Thirdly, GC treatment reduced bone formation by inhibition of osteoblast differentiation. The
modulated expression of Wnt antagonists has been extensively examined. Dkk1 was upregulated by Dex

in primary cultured human osteoblasts, and Dex induces the reporter activity of the Dkk1 promoter [9, 10].



Furthermore, the suppression of Dkk1 using antisense oligonucleotides or SsRNA for Dkk1 abrogates the
inhibition of osteoblast differentiation by GCs[11, 12]. Dkk1 expression was upregulated by a prednisolone
treatment for 4 weeks [13]. In contrast, the protein expression of Dkk1 is reduced in bone marrow
supernatants from wild-type mice after a GC treatment [14]. Thus, the molecular mechanism in the
reduction of bone formation of GC-induced osteoporosisis still controversial, thus, requires further study.
There is no report on the molecular mechanism of disuse osteoporosis and GC-induced osteoporosis by
using Fkbp5-/—mice.

To investigate the molecular mechanisms of GC-induced osteoporosis, we collected RNA from the
osteobl ast-enriched fraction from wild-type and Fkbp5-/—mice
with or without GC treatment. Osteoblast marker gene wildtype _Fkhpi~
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Fig 4. Western blot of Runx2 in

level, and found that Dex treatment reduces Runx2 protein level ethanol(E) and Dex(D) injected mice

to nearly half in wild type mice and more severely in Fkbp5-/—
mice. Thus, we realized that Runx2 is regulated at a post-transcriptional level in GC treatment (Fig.4).

To investigate the relationship of GR, Fkbp5 and Runx2, we performed immunocytochemistry using
GR and Runx2 antibodies to observe their localization in wild-type and Fkbp5*/ ~ primary osteoblasts with
or without Dex treatment. Further, we performed co-1P to examine the binding of GR and Runx2 with or
without Dex treatment. We also examined GR and Runx2 protein stability in Dex treatment using CHX
(protein synthesisinhibitor) and GR and Runx2 ubiquitination by Dex treatment using M G132 (proteasome
inhibitor) (data was not shown here). GR was partly involved in the reduction of Runx2 by Dex treatment.
Therefore, we performed microarray analysis to find the responsible genes by using osteoblast and
osteocyte fractions, and we identified the differentially expressed genes among wild-type and Fkbp5*/ -
mice with or without GC treatment.

The expression of the selected genes by gene annotation and pathway analyses were analyzed by real -
time reverse transcription (RT)-PCR. We will generate the expression vectors and siRNA of the
reproducibly differentially expressed genes, introduce them into primary osteoblasts, and examine
osteoblast differentiation by alkaline phosphatase and von Kossa staining. We will also culture them with
or without Dex and examine osteoblast differentiation. We will take RNA and protein to detect the
expression levels of osteoblast marker genes, including Runx2.

We will generate knockout mice of the finally selected genes, and the phenotypes of the mice with or
without tail suspension and with or without GC treatment will be analyzed by histological and micro-CT
analyses. The differentiation and functions of osteoblasts will be examined by in situ hybridization, real-
time RT-PCR, and Western blot analyses of osteoblast marker genes and proteins. A |oxP inserted mouse
will aso be established if necessary, and we will use 2.3 kb Collal promoter GFP-Cre transgenic mice,
which we established, to generate osteobl ast-specific knockout mice. By combining the results obtained by
above experiments, we will publish molecular mechanism for impaired bone formation in disuse and GC-
induced osteoporosis will be clarified.

By combining the results obtained by above experiments, molecular mechanism for impaired bone
formation in disuse and GC-induced osteoporosis will be clarified.
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