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Roles of Nuclear Matrix-Attachment Region Protein SATB2 in Regulation of Osteoblast Survival and Metabolism
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Bone structure is maintained by bone remodeling. Osteoblasts play a crucial role in mediating bone formation. A complicated



network of local or systemic mediators can modulate osteoblast activities. Cell survival and metabolism are two typical factors to
determine osteoblast functions. Our previous studies (NSC90-2314-B-002-196, NSC91-2314-B-038-031, NSC92-2314-B-038-010,
NSC94-2314-B-038-013) provided several lines of evidence to show that oxidative stress can induce osteoblast death via an
apoptotic mechanism. At the same time, the possible signal-transducing mechanisms of osteoblast death had also been evaluated in
our lab (Chen et al, 2002, Chen et al., 2005a, 2005b, and Ho et al., 2005). In the present study (NSC95-2314-B-038-029-MY3), our
data further revealed that pretreatment with low nitric oxide (NO) can protect osteoblast from oxidative stress-induced apoptotic
insults possibly through regulation of survival gene Bcl-2 and Bel-XL expressions and their protein translocations from the
cytoplasm to mitochondria (Chang et al., 2006; Tai et al., 2006). Recently, our transcriptional analyses showed that transcription
factors Runx2 and GATA-3 may be involved in gene regulation of Bcl-2 and Bel-XL. SATB2 is newly found protein which is
attributed to a member of the nuclear matrix-attachment region proteins. SATB2 can bind to AT-rich regions to directly regulate
certain gene expression. In addition, SATB2 has been reported to associate with other transcription factors to regulate gene
expression. As done by Runx2 and GATA-3, the evidence based on gene analysis of SATB2 in osteoblasts revealed that this nuclear
matrix-attachment region protein could participate in regulation of cell survival. A previous study has reported that both of SATB2
and Runx2 can regulate osteocalcin gene expression to promote osteoblast differentiation. Osteocalcin also contribute to osteoblast
metabolism. However, the roles of SATB2 in osteoblast survival and metabolism and its possible molecular mechanisms are still
known little. This is a 3-year-period project which is specified to evaluate the roles of nuclear matrix-attachment region protein
SATB?2 in osteoblast survival and metabolism using primary neonatal rat calvarial osteoblasts and human osteosarcoma MG63 cells
as the experimental models. We hypothesized that SATB2 contributes to the regulation of osteoblast survival and metabolism via
associating with transcription factors GATA-3 and Runx2 to promote transactive expressions of Bc¢l-2 family and osteocalcin. To
verify our hypothesis, the sub-hypothesis and its specific aim for each year ; s sub-project are designed and described as below:
Sub-hypothesis-1: SATB?2 is involved in osteoblast survival and metabolism. Aims: 1. To evaluate the relationship between SATB2
expression and osteoblast activities. The differential expressions of SATB2 in control, oxidative stress-, low NO-, or
dexamethasone-treated osteoblasts are analyzed to achieve this aim. 2. To determine the roles of SATB2 in osteoblast survival. In
this aim, SATB2 will be knocked down using RN A to evaluate its effects on NO j s protection against oxidative stress-induced
osteoblast apoptosis. 3. To validate the roles of SATB2 in osteoblast metabolism. SATB2 function will be lost using RNAi to
determine the alternation of osteoblast mineralization under dexamethasone stimulation. 4. The roles of SATB2 will be further
identified using the dominant negative and gene over expression methods. Sub-hypothesis-2: SATB2 can regulate osteoblast
survival and metabolism through modulating Bcl-2 family and osteocalcin gene expressions. Aims: 1. To determine the effects of
SATB2 on gene regulation of Bcl-2 and Bcl-XL in osteoblasts. When SATB2 is knocked down by RNAI or the dominant negative

method or overexpressed, the expressions of Bel-2 and Bel-XL are determined. 2. To evaluate the effects of SATB2 on gene



regulation of osteocalcin in osteoblasts. When SATB?2 is knocked down by RNAi or the dominant negative method or
overexpressed, the expressions of osteocalcin are determined. 3. To determine the localization of SATB2 in osteoblast nuclei,
analyses of confocal microscopy and immunoblot are carried out. 4. Electrophoretic mobility-shift assay (EMSA) is carried out to
further determine if the extraction of nuclear proteins in osteoblasts can specifically bind to the SATB2-DNA binding AT-rich
elements. Sub-hypothesis-3: SATB2 associated with transcription factors Runx2 and GATA-3 can specifically bind to the
DNA-binding elements in the 5 j; -end promoter regions of Bcl-2 family and osteocalcin genes in osteoblasts and then transactionally
regulates these genes. Aims: 1. To clone the 5 5 -end promoter regions of Bcl-2,Bcl-XL, and osteocalcin genes using polymerase
chain reaction. After purifying the fragments, the DNA sequences are confirmed using the DNA sequencer. 2. Using exonuclease to
digest the 5 ; -end promoter regions into different lengths of fragments. After purification, the various DNA fragments are cloned
into plasmid vectors. 3. Transforming these DNA-inserted plasmids into primary osteoblasts or human osteosarcoma MG63 cell
line. And, the reporter gene assay is carried out to determine the AT-rich, Runx2-, and GATA-DNA binding sites in the 5 ; -end
promoter regions of Bcl-2, Bel-XL, and osteocalcin genes. 4. We will mutate the protein- or DNA-binding domains of SATB2 using
the site-directed mutation method to evaluate the transactional effects of mutated SATB2 on gene regulation of Bcl-2, Bel-XL, and

osteocalcin genes.



