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要旨 

Interleukin-11 (IL-11) is a stromal cell-derived cytokine. IL-11 has many biological activities and 
has roles in hematopoiesis, immune responses, the nervous system and bone metabolism. Bone 
sialoprotein (BSP) is a mineralized tissue-specific protein expressed in differentiated osteoblasts that 
appears to function in the initial mineralization of bone. IL-11 (20 ng/ml) increased BSP mRNA levels 
at 12 h in osteoblast-like ROS 17/2.8 cells. In a transient transfection assay, IL-11 (20 ng/ml) increased 
luciferase activity of the construct (-116 to +60) in ROS 17/2.8 cells and rat bone marrow stromal cells. 
Introduction of 2 bp mutations to the luciferase constructs showed that the effects of IL-11 were 
mediated by a CRE, a FRE and a HOX. Luciferase activities induced by IL-11 were blocked by protein 
kinase A inhibitor, tyrosine kinase inhibitor and ERK1/2 inhibitor. Gel shift analyses showed that IL-11 
(20 ng/ml) increased nuclear protein binding to CRE, FRE and HOX. CREB1, phospho-CREB1, c-Jun, 
JunD and Fra2 antibodies disrupted the formation of CRE-protein complexes. Dlx5, Msx2, Runx2 and 
Smad1 antibodies disrupted FRE- and HOX-protein complex formations. These studies demonstrate 
that IL-11 stimulates BSP transcription by targeting CRE, FRE and HOX sites in the proximal 
promoter of the rat BSP gene. Moreover, CREB1, c-Jun, JunD, Fra2, Dlx5, Msx2, Runx2 and Smadl 
transcription factors appear to be key regulators of IL-11 effects on BSP transcription.  
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緒言 

Interleukin-11 (IL-11) is a stromal cell-derived cytokine that belongs to the interleukin-6 family of 
cytokines (1, 2). IL-11 has many biologic activities and has roles in hematopoiesis, immune responses, 
the nervous system and bone metabolism (2-6). IL-11 increased alkaline phosphatase (ALP) activities, 
which are a marker of osteoblasts (7); therefore, it is possible that IL-11 may have an important role in 
osteogenesis. however, little is known about the role of IL-11 in osteogenesis, osteoblast differentiation 
and bone formation. 

Bone sialoprotein (BSP) is a highly sulfated, phosphorylated, and glycosylated protein that is 
expressed almost exclusively in mineralizing tissues (8, 9). Regulation of the BSP gene appears to be 
important in the differentiation of osteoblasts, in bone matrix mineralization and in tumor metastasis.  
    To elucidate the molecular mechanism of IL-11 regulation of the BSP gene, we analyzed the 
effects of IL-11 on the expression of the BSP gene in osteoblast-like cells.  
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対象と方法 
対象は、Rat osteoblast-like ROS 17/2.8 cells and rat stromal bone marrow cells (RBMC) 
方法は、Northern Hybridization, Transient Transfection Assays and Gel Mobility Shift Assays. 

 
結果 
1. Effects of IL-11 on BSP mRNA  

To study the regulation of BSP transcription by IL-11, we performed Northern hybridization 
analysis of total RNA extracted from osteoblastic ROS 17/2.8 cells. First, In dose-response IL-11 
increased BSP mRNA levels at 1, 5, 20 and 100 ng/ml and had a maximal effect at 20 ng/ml (Fig. 1A). 
Thus, 20 ng/ml IL-11 was used to determine the time courses of BSP mRNA expression. IL-11 (20 
ng/ml) induced BSP mRNA levels at 3 h and reached maximal at 12 h (Fig. 1B).  
2. Transient transcription analyses of rat BSP promoter constructs 

To determine the site of IL-11-regulated transcription in the 5’-flanking region of the BSP gene, 
we did transient transcription analyses. The transcriptional activity of pLUC3, pLUC4, pLUC5 and 
pLUC6 was increased after 12 h treatment with 20 ng/ml IL-11 in ROS 17/2.8 and RBMC cells (Fig. 
2A, B). Since protein kinases mediate IL-11 signaling activities, we investigated the effects of the PKC 
inhibitor H7, the PKA inhibitors H89 and KT5720, the tyrosine kinase inhibitor HA and the ERK1/2 
inhibitor inhibitor U0126 on IL-11-mediated transcription. Whereas IL-11-induced pLUC3 promoter 
activation was inhibited by U0126, HA, KT5720 and H89, no effect was observed for H7 (Fig. 3). 
After introducing 2 bp mutations into the putative response elements within pLUC3 and pLUC4, 
transcriptional induction by IL-11 (20 ng/ml) was partially inhibited in the M-CRE (pLUC3), M-FRE 
and M-HOX (pLUC3 and pLUC4) constructs (Fig. 4).  
3. Gel mobility shift assays 
    To identify nuclear proteins that bind to the CCAAT, CRE, FRE, Pit-1 and HOX elements and 
mediate IL-11 effects on transcription, we did gel mobility shift assays. Inverted CCAAT and 
Pit-1-protein complexes did not change after stimulation by IL-11 (Fig. 5, lanes 1-4, 13-16). After 
stimulation by 20 ng/ml IL-11 (3–12 h), CRE- and FRE-protein complexes were increased at 12 h (Fig. 
5, lanes 5-8, 9-12), and HOX-protein complexes were increased at 3 h and reached maximal at 12 h 
(Fig. 5, lanes 17-20). To further characterize the proteins in the complexes formed with CRE, FRE and 
HOX, we used antibodies to several transcription factors. The addition of phospho-CREB1 antibody 
induced supershift (Fig. 6A, lane 5), and CREB1, c-Jun, JunD and Fra2 antibodies partially disrupted 
CRE-protein complex formation (Fig. 6A, lanes 4, 7-9). Dlx5, Msx2, Runx2 and Smad1 antibodies 
partially disrupted FRE- and HOX-protein complex formation (Fig. 6B and C, lanes 4-7).  
 
考察 

These studies show that IL-11 increases BSP transcription in osteoblast-like cells by targeting 
CRE, FRE and HOX elements in the proximal promoter of the BSP gene. IL-11 (20 ng/ml) induced 
BSP mRNA expression in ROS17/2.8 cells (Fig. 1). When we used rat stromal bone marrow cells 
(RBMC), IL-11 also increased BSP transcription (Fig. 2B); therefore, IL-11 increases BSP 
transcription not only in transformed ROS 17/2.8 cells but also in normal osteoprogenitors (RBMC). 
Transcriptional regulation by IL-11 was abrogated by M-CRE, M-FRE and M-HOX in pLUC3 or 
pLUC4 (Fig. 4). The involvement of CRE, FRE and HOX elements is further supported by gel shift 
assays in which nuclear proteins that formed complexes with CRE, FRE and HOX elements were 
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increased by IL-11 (20 ng/ml) in ROS 17/2.8 cells (Fig. 5). Results of gel shift assays using antibodies 
(Fig. 6) suggest that IL-11 induced BSP transcription through CREB1, phospho-CREB1, c-Jun, JunD 
and Fra2 targeting CRE, and through Dlx5, Msx2, Runx2 and Smad1 targeting FRE and HOX in the rat 
BSP gene promoter. The ERK1/2 inhibitor U0126, the tyrosine kinase inhibitor HA and the PKA 
inhibitors H89 and KT5720 inhibited the effects of IL-11 on BSP transcription, suggesting that ERK1/2, 
tyrosine phosphorylation and PKA signaling pathways are crucial for IL-11 effects on BSP 
transcription.  

In conclusion, we have characterized a region of the rat BSP gene promoter that is required for 
IL-11 mediated transcription. This region contains CRE, FRE, and HOX, which are required for the 
IL-11 response. Further, IL-11-induced transcription was inhibited by tyrosine kinase inhibitor HA and 
protein kinase A inhibitor. Moreover, CREB1, C-Jun, JunD, Fra2, Dlx5, Msx2, Runx2 and Smadl 
transcription factors appear to be key regulators of IL-11 effects on BSP transcription and bone 
formation. 
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注： 本研究は、 2010年11月1日「第96回アメリカ歯周病学会」にてポスター発表、「Gene」

(2011Jan 26)に掲載、「日大口腔科学」（2011）に掲載。 
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