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H B : 20144F10H10H&) 17130455 ~ 1910045
Yo Pr o EBREHE2BE RGEHESMEREI -V — A

FI00EMAE R AF R I - —

7 A MV EE R NF—«BIZ X % 5 b
W HR B OUMNBERER Ao 50 FE R L 0B - Bd%)
Rl =g

iz 5 N 7 NF-«kB X, 5 20%72=> b [NF«B1 (pl05/p50), p65 (RelA), c—Rel, NF-«B2
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% 4 RV : Biofunctionalization of bone substitute materials — is there progress beyond L51P?
# % Wilhelm Hofstetter (~b > K2R R S8 M)
WP
Wilhelm Hofstetter #0321, 2012454 H 255 » A, ZEMZEH L LTARFPICHEWEL, Albe
LFEIEZITVE L. 208, BTCP 2HMTAHKIE LTHHT 2782 #EDTHY) £
4l Hofstetter #4213, #513MIEE-B R O, 4 H2TH~29H) ICHE$ 5720123k H
LET. ZORKIIEAZAIBVT, BHiCARIOWIZER R E R L T2 &E 7.

Skeletal defects arising from resections of bone tumors, trauma, or total joint arthroplasties with
bone deficiencies need to be filled with suitable grafting materials. While autologous bone is still
the best material available to augment bone healing and to reconstruct bone defects, its scarcity
and the need for a second intervention are considerable drawbacks. This opens the field for CaP—
based bone—substitute materials, of which § —tricalcium phosphate (f TCP) is approved for clinical
use. In large bone defects, however, the substitution of §TCP by authentic bone is inadequate to
provide sufficient long—term mechanical stability. Previously, we have demonstrated that the spe-
cific inhibition of the family of Bone Morphogenetic Proteins (BMP) antagonists with a modified
BMP2 protein (LL51P) stimulates osseointegration of a porous f TCP ceramic in a rat femoral critical
size defect. We have also shown that different release kinetics of Vascular Endothelial Growth Fac-
tor (VEGF) from  TCP ceramics affects vascularization of the biomaterial, a critical step in osseo-
integration, vascularization being a prerequisite for bone formation. Since osseointegration and
vascularization of f TCP ceramics can be modulated by adding specific growth factors to the f TCP,
the question remained, whether turnover of the material can be modulated as well. For this pur-
pose, Receptor Activator of NF—«B Ligand (RANKL) was either adsorbed onto the surface of f TCP
shapes, or was incorporated in a precipitated amorphous layer of CaP on the ceramics, the latter
leading to a low level, long term release of the growth factor. Upon surface-binding, RANKL was
not able to support osteoclastogenesis in vitro. In contrast, long—term release of co—precipitated
RANKL allowed for the development of mature osteoclasts that actively would resorb a CaP sub-
strate. During the resorption process, osteoclasts further liberate co—precipitated RANKL, perpetu-
ating their differentiation and activation. It will be the subject of further studies to investigate,
whether variation of release kinetics of RANKL will affect osseointegration and turnover of CaP ce-
ramics in vivo as well.

H 1 20154F 4 H30HWR) 1783055 ~198:0045
Yoo P EBRME2R REEBHEEMETE I - —2



182 AR 41(2) 2015

S IEMA AR ASRE L S F —

Z A PV R RLRR AR O AR
AR A (RBRKRF R B ok T SERE ok J5 0 40 TR B - #d%)
R 3=g
HEIR DS - AT ORI N A F 7 4 VAR @EYCPRET L2 LIS D ER S NEA, EhiZ
T RIS X D bR A Sl D ICHA SIS 2 LIETE 2w, EE, RIS, wb
W5 [HEFAREAIE ] 2T 5 2 EAHLICRY, ZoEMEE BEICEE LT 52 LX)
KbN WO A2 HET 5 EDHRMICTRETH L I ERHL L o7z, FLTIHE b
MYV EF Y ML VAL Y ERBHIRAT A2 L THEMBOTFEZXA 9 &3 5_AD5, I
OB AR E L TER IR TWS., A2 ORE T, RS AV & MR o
FHEEERE & A 3 A HARVERHE R B K (FGF-2) % ok B AZVRERE o B AR R SRR I R T 53
52 EIZX ) MO A 2 FFE - REE L X 9 &34, FrBlsk AR AR ORI ) LA T E 72,
20014F X 1) FGF-20 o B HLAR A4 53880 SRl et o it 2 Hi & L7258 T AR R (R
My RAER, & SUREAER), B MAHERRIGER (MAEMEED) DIERER Sz, Zo#E, 0.3% FGF-2
GHN Fud v Taenna— A8BHAD[FGH, 9 ARICAEREMEHEL2HFETL L
MPHER SNz, 2L C, FEBRIEAIIEZat LMEICR S X5 2HpliERo bk ro7z. F7z2,
ARRER N 55 TARERIR GBI EAT 2, #9 8 AEM D12 A 10 & BISEIIFE 2 4T o 7246, 0.3% FGF-23¢5- 2%l
D7 Ty TFMHEME I L THIHEHESEOA XY MEEFT TOMHZERESE5 2 L2VRE N,
EHICF A OWFEE TIE, FRIGHKEE D S BRI 72 B35 R MR 2 ok R RLRR K IR~ M9 5 2 & 12
& % AR A B RO ROV THME ZIToTwb. T LTIRMIZE, SOk RS+
A ¥R R R % il & & 72 Periodontal Tissue Engineering O % WIFF L T 5.
SR OFE T, SRR AEZ BB L 7294 Mo A4 U - MBI EoBIR LRk Z, it
JE TR L 72w EE R TS,
H B : 20154F 4 H24H&) 171005 ~18IKF0045
Yoo Pr o EBREHE2B RGWHESMEREI - — A

H30EMAERASE AR L I F—

Z A PV IR S & 2 B AN 3% D 2L & AR BT o2
W I RO GERR KRR B R o i S E e R C1PE R A2 0 B - #d%)
R A=

AR, CIPEHI R # @ dysbiosis (2 & - THI &2 SN L 8RR HEIR R, BIRMALIERE R &, ke
GERBOV A7 OB LN, EEMREICLI VLN > TE 2, WAMRZHIHTL A =X 4
& LCWIME, SEMTA bA A >, G FHREEICES C HERIEREVHEITONTWSEDS, 8T
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F 413 C57BLI6~ 7 AAFKIW 2 v & ok J5% 5 A Porphyromonas gingivalis W83tk % L1EE A 5 %
G.U, WA R # % 16S sSRNA SR T % M#EMNIHNT 9 5 & & I, TRIDHER, ik o S
24k, BRTFBEB OV TN L 7.
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% 4 kL @ Contributions of the measles virus nucleocapsid gene and the SQSTM1/p62 (P392L)
mutation to Paget’s disease. (Paget's R (23X § 5 MKIE 74 IVADH 7 37 B &
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Paget’s disease (PD) is characterized by abnormal osteoclasts (OCL) that secrete high IL—6 levels

and induce exuberant bone formation. Because measles virus nucleocapsid gene (MVNP) and the
p62 (P392L) mutation are implicated in PD, marrows from 12 PD patients harboring p62 (P392L)
and eight normals were tested for MVNP expression and pagetic OCL formation. Eight out of
twelve patients expressed MVNP and formed pagetic OCL in vitro, which were inhibited by anti-
sense—-MVNP. Four out of twelve patients lacked MVNP and formed normal OCL that were hyper-
responsive to RANKL but unaffected by antisense-MVNP. Similarly, mice expressing only p62
(P394L) formed normal OCL, while mice expressing MVNP in OCL, with or without p62 (P394L),
developed pagetic OCL and expressed high IL—6 levels dependent on p38MAPK activation. IL—6 de-
ficiency in MVNP mice abrogated pagetic OCL development in vitro. Mice coexpressing MVNP and
p62 (P394L) developed dramatic Paget's—like bone lesions. These results suggest that p62 (P394L)
and IL—6 induction by MVNP play key roles in PD.
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DEH A =X L)
{# % ' Garson David Roodman (£ ¥ 74 7+ K% - #i%)
FAE 3=gh
Multiple myeloma (MM) is the most frequent cancer to involve the skeleton with 80-90% of pa-
tients developing bone lesions. MM bone lesions are purely osteolytic and can cause severe and de-
bilitating bone pain, pathologic fractures, hypercalcemia, spinal cord compression, and increased
mortality. MM bone disease is marked by severe dysfunction of both bone formation and resorption
with osteoblast activity severely decreased or absent. Further, bone lesions in patients with MM
rarely heal, even when the patients are in prolonged complete remission. Multiple factors have
been identified that drive osteoclastic bone resorption in MM, but the basis for the severe suppres-
sion of bone formation that persists even in the absence of MM cells is less well understood. A num-
ber of osteoblast inhibitors produced by MM cells or cells in the MM marrow microenvironment in
response to MM cells have been identified, including TNF-a, MIP-1a, and IL-3/Activin A, DKKI,
sclerostin, TGF [, hepatocyte growth factor and IL-7. However, these factors do not explain the
long term suppression of osteoblast differentiation in MM. We reported that MM cells and primary
marrow stromal cells from MM patients express elevated levels of the transcriptional repressor,
Gfl; that MM cells induce expression of Gfil in marrow stromal cells and that Gfil represses
RUNX?2 transcription. We recently demonstrated that Gfil directly binds RUNX2 and induces re-
cruitment of chromatin co—repressors that alter the epigenetic state of the Runx2 gene resulting in
prolonged OB suppression. Gfil recruits histone modifiers HDACI1, Co—REST, LSDI, and G9a to
the Runx2 gene and reduces the transcriptionally permissive euchromatin marks H3K4me3,
H3K9ac, H3K12ac, H3K27ac, and H3K36me3 on Runx2. These changes persist even after removal of
MM cells and make Runx2 transcription refractory to OB differentiation signals. Importantly, Gfil

knockdown in MC4 cells prevented sustained repression of Runx2.



AR 41(2) 2015 189

Additionally, we found that Ajuba, a LIM domain containing protein, is required for Gfil's re-
pression of Runx2. Ajuba by itself does not bind or repress Runx2, but directly interacts with Gfil,
via its LIM domain, to allow the complex to enter the nucleus and bind RUNX2. Knockdown of Aju-
ba in MC4 cells abolishes Gfil repression of Runx2. These results suggest that our increased under-
standing of the pathogenesis of MM bone disease should allow identification of novel therapeutic
targets to block or reverse the loss of skeletal integrity MM patients.
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% 4 M)V @ EphrinB2 signaling within the osteoblast lineage is necessary for normal bone for-
mation. (FFMMLICBIFZ2T 7Y Y B2 ¥ 7 FVIZIEEREERICLETH D)
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Eph/ephrin receptor tyrosine kinases regulate tumorigenesis, vascularization and axon guidance,
and have the unique ability to signal both through Eph receptor (forward) and ephrin ligand (re-
verse). EphrinB2 expression by osteoblasts is rapidly stimulated by parathyroid hormone (PTH).
Within these cells, ephrinB2 is the only family member whose production is stimulated by the bone
formation stimuli, parathyroid hormone (PTH) and PTHrP. Pharmacological inhibition of eph-
rinB2/EphB4 interaction by receptor blockade in vitro impairs differentiation of osteoblasts, and in
vivo impairs late stage osteoblast differentiation and stimulates osteoblastic support of osteoclast
formation.

We examined the role of ephrinB2 in bone formation and anabolic PTH action using mice with
conditional deletion of ephrinB2 from osteoblasts (using Osx1.Cre), and in cultured osteoblasts with
ephrinB2 or EphB4 knockdown. Osteoblast differentiation and support of osteoclastogenesis was
impaired when ephrinB2 (but not EphB4) was inhibited. In vivo this resulted in delayed osteoid
mineralization, reduced bone stiffness, and impaired osteoblastic response to anabolic PTH treat-
ment. Furthermore, ephrinB2 null mice exhibited greater levels of osteoblast and osteocyte apopto-
sis and caspase 8 activation. This indicates that ephrinB2 reverse signaling within the osteoblast
lineage is required for PTH anabolic action, and maintains osteoblast differentiation by limiting
apoptosis of the differentiated osteoblast, providing in vivo evidence for a role of ephrinB2 reverse
signalling in cellular metabolism.

Furthermore in mice in which ephrinB2 was deleted using Ctsk.Cre, osteoclast formation from
precursors was the same as in controls, and the mice deficient on ephrinB2 in osteoclasts had no
bone phenotype, indicating that reverse signaling within the osteoclast lineage does not restrain
osteoclast formation.
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