() BTl e

MEEAN  BPEZHS

2010 IR T EREE —EE TEATEE —
20114 3 A 8 H

MHEAN BHRESEHS Ef
BMM L VBIREEZZHEL TfTo-HRET — <l >V TSN LT,
RATEE : TRREE

BEATERE : £ B L

H p
PEEAEL NS A <
BRI ES : AR PR W4 - v SR TR RERE A
=
AT T b FEERRL S ST 2-870-1
S i1 047-360-9365 PN : 365
1. BhRCEEE - 600. 000 g

2. IRT—<
A v B —uA X1 1 IZTHEYT a7 EOEEHR

3. HEDOME

IL-11 g FEMEo s bEFHFE L AR{WESERSERNICRHET L8 T o
# v 7'E (BSP) OBEFRBAHME B, - OBERLIC BSP #=T S uE—
A —rm CRE, FRE B X UHOX Bl EERFEZ LTS,

4. BIFELE
(1) ZSZICBI 5H# - § (524 - FE)
%6 [T AV hEEFRYS HEAAEERT S 20104ERE
Lffect of Interleukin—11 on Bone Sialoprotein Gene Transcription
%5 53 [HFZFE H AREARTES

Calcium Hydroxide Regulates Bone Sialoprotein Gene Transcription

(2)98F& LizimX #E - f (MEsss - B4
lGene | #B&; Transcriptional regulation of bone sialoprotein gene by
Interleukin—11

[HxoER %) 88 Regulation of Bone Sialoprotein Gene Transcription
by Keampferol and Calcium Hydroxide

-115-




— A EEHEB AR —
A=A F U —11ICLDB YT 0y T EOEE DR

s K4 E M

HEFTEME T EREER RS O EE S R

HAKFTERERE B AR 7 5750 ol J TR 0 s A

fBE HBiEE Bk NS OEB

LRIBFTEES  EaREF AR R
FARIER  HEEE  mFoes BRkE

=i

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-CREBL, c-Jun,
JunD and Fra2 antibodies disrupted the formation of CRE-protein complexes. DIX5, Msx2, Runx2 and
Smadl 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, DIx5, Msx2, Runx2 and Smadl
transcription factors appear to be key regulators of IL-11 effects on BSP transcription.
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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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*51%. Rat osteoblast-like ROS 17/2.8 cells and rat stromal bone marrow cells (RBMC)
J7{%1%. Northern Hybridization, Transient Transfection Assays and Gel Mobility Shift Assays.

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
pLUCG6 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 1L-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). DIx5, Msx2, Runx2 and Smadl antibodies
partially disrupted FRE- and HOX-protein complex formation (Fig. 6B and C, lanes 4-7).

BER

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
pLUCA4 (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

-117-



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-CREBL1, c¢-Jun, JunD
and Fra2 targeting CRE, and through DIx5, Msx2, Runx2 and Smad1 targeting FRE and HOX in the rat
BSP gene promoter. The ERKZ1/2 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, DIx5, 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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