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Effects of bidirectional EphB4—-EphrinB2 signaling on bone remodeling FAN Wen-bin,ZHA O Jian-ning,and BA O Ni-
rong. Department of Orthopaedics , Clinical Medical College of Nanjing University , Nanjing General Hospital of Nanjing Mili-
tary Command ,PLA ,Nanjing 210002, Jiangsu , China

ABSTRACT Bidirectional Eph—Ephrin signaling as a focal point of research in cell-cell communications is critical for gen-
eration of nerves and vesssels as well as invation and metastasis of tumor cells. The roles for Ephrin—Eph bidirectional signaling
in bone remodeling were important. EphrinB2 is expressed on osteoblasts and EphB4 is expressed on osteoclasts. Forward sig-
naling through the EphB4 receptor into mesenchymal precursors promotes osteoblast differentiation,while reverse signaling
through the EphrinB2 ligand into osteoclast suppresses differentiation. Signaling between the ligand EphrinB2 and the recep-

tors EphB4 explains bidirectional signaling between osteoblasts and osteoclasts,bone absorption and remodeling, which may

lay a theoretical foundation for identifying drug targeting and preventing and treating bone loss.
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%1 5 Eph-Ephrin WEESHEXN TS F
Tab.1 Related bidirectional EphB4-EphrinB2 signals
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ERK1-2-F0 SP1 )38 %55 EphrinB2 1Y33iX , EphrinB2 GEHi
AR P R AN R R IR Ak, R PDLRF
FUARY B 40 i 22 1] 49 EphB4-EphrinB2 {55 BEME #E 4 1E
W AR AL, LA, T T WFSE T %% PDLF B8R AL LY
Jivh, SR BRESHESGEM RIES EphrinA2 AYFL 10
EphrinB2 FYZRE B BREAL, 1RSMSE803 , T EphrinA2 J13%
RS R R A, BRI AR A0 e L TR (RUNX2,
ALPL) 3K | A TTH i ol - A o34k , 6B 9% nie Ve AL

XS A R AR 2 (AR B T B DA 3 A
T17E RANK-RANKL-OPG {55 #% - . {EIH A5 S 3m Hoxd 0%
WSO o AR R T I () 25 )b A PR ) AN BEAR L 1 i
B, Eph—Ephrin SUal{F51% 538 A4, XF 05 41 Ak
AN AR AR A AR AT ARG IR R, X TR
BLEIFE /0T, B BT IF R B WSO TR ORI (17
SRS, T BRSO AL S A & R FR SR
Mg, (5 B HTA R AT G 22 0 A e i ()R, 155, 78
H ARG Eph—Ephrin AH AR HIAYBIFFT 5 24 dh7E i 1 41
JHERIT B A ), SR T3 e A4 5 8 v 24 B R B 4, 2
SR ANH P2 B AN N B A IR A AR B
HA Ak, X AR SC A A ANl B AR DA Z 18] /) Eph—Ephrin AH
HHRRMZ D 8 B — A IS 4 Eph—Ephrin XX
{5 1% S A AL B TS S0 AR, LK
HHAF 5 210 B Z [ R R AT — 2D WET, lan , i
240 ) RANKC 3 g6 K% 18 B 240 R A9 Wn Noteh T8 ()
i, EphrinA 5 Ephs Z[EE 5SS 58 WEE, K5
EphB4-EphrinB2 2 [H] (15 5 M2 & [ 768 8 A o Jrfha 38 1) £
TR — IS KRR T SR A Bl RISk S HE
w5, R 40 ] Eph-Ephrin XU {5 55 275 68 S BB
200 YRV AR TR RS [ (355 O, AT S 850 e Ak A g
S R AR A — 2D e IR

SR

[1] Zhao C,Irie N,Takada Y, et al. Bidirectional ephrinB2-EphB4 sig-
naling controls bone homeostasis[J]. Cell Metab,2006,4(2):111-
121.

[2] Surawska H,Ma PC,Salgia R. The role of Ephrins and Eph recep-
tors in cancer[ J]. Cytokine Growth Factor Rev,2004,15(6):419—
433.

[3] Stokowski A,Shi S,Sun T,et al. EphB/ephrin—B interaction medi-
ates adult stem cell attachment, spreading,and migration:implica-
tions for dental tissue repair[J]. Stem Cells,2007,25(1):156—
164.

[4] Hirai H,Maru Y, Hagiwara K, et al. A novel putative tyrosine kinase
receptor encoded by the eph gene[J]. Science, 1987,238(4834) .
1717-1720.

[5] O’Leary DD, Wilkinson DG. Eph receptors and ephrins in neural
development[ J]. Curr Opin Neurobiol ,1999,9(1) ;:65-73.

[6] Eph Nomenclature Committee. Unified nomenclature for Eph family
receptors and their ligands , the ephrins[J]. Cell, 1997,90(3) :403—
404.



<708 -

[7]

(8]

[9]

[10]

[11]

[12]

[13

[l

[14]

[16]

[17]

[20]

[21]

[22]

A5 2013 4F 8 2K 26 545 8 #] China J Orthop Trauma, Aug.2013,Vol.26,No.8

Bruckner K, Klein R. Signaling by Eph receptors and their ephrin
ligands[J]. Curr Opin Neurobiol ,1998,8(3) :375-382.

Nakada M, Niska JA, Tran NL, et al. EphB2/R—-Ras signaling regu-
lates glioma cell adhesion,growth,and invasion[J]. Am J Pathol,
2005,167(2):565-576.

Lawrenson 1D, Wimmer—Kleikamp SH, Lock P, et al. Ephrin-AS5 in-
duces rounding,blebbing and de - adhesion of EphA3 - expressing
293T and melanoma cells by CrkII and Rho-mediated signalling[J].
J Cell Sci, 2002, 115(Pt 5) :1059-1072.

Carter N, Nakamoto T, Hirai H, et al. EphrinA1-induced cytoskele-

tal re-organization requires FAK and p130(cas)[J]. Nat Cell Bi-

0l,2002,4(8):565-573.

Prévost N, Woulfe DS, Tognolini M , et al. Signaling by ephrinB1 and

Eph kinases in platelets promotes Rap1 activation,platelet adhe-

sion, and aggregation via effector pathways that do not require phos-

phorylation of ephrinB1[ J]. Blood 2004, 103 (4) ; 1348-1355.

Resist AT N TN TR AL B 1 43 F-HIL B 254 T Tl

[J]. BT A2, 2000, (3) :320-323.

Zhu LL,Zhao JN. Molecule mechanism of aseptic loosening and

drug intervention[ J]. Yi Xue Yan Jiu Sheng Xue Bao,2009, (3):

320-323. Chinese.

Karsenty G, Wagner EF. Reaching a genetic and molecular under-

standing of skeletal development[J]. Dev Cell,2002,2(4) 389~

406.

Teitelbaum SL, Ross FP. Genetic regulation of osteoclast develop-

ment and function[ J]. Nat Rev Genet,2003,4(8) : 638—649.

Mundy GR, Elefteriou F. Boning up on ephrin signaling[J]. Cell,

2006, 126(3) :441-443.

Edwards CM,Mundy GR. Eph receptors and ephrin signaling

pathways:a role in bone homeostasis[J]. Int J] Med Sci,2008,5

(5):263-272.

Kanzaki S,Ito M, Takada Y ,et al. Resorption of auditory ossicles

and hearing loss in mice lacking osteoprotegerin[J]. Bone, 2006,

39(2):414-419.

Briickner K, Pasquale EB,Klein R. Tyrosine phosphorylation of

transmembrane ligands for Eph receptors[J]. Science, 1997,275

(5306) :1640-1643.

FWA, W, B EY, 2. EphB4/ephrinB2 i [6]15 5 % RAW

264.7 W H AN A4k PDZ G5 H sl 3R AR A S ].

AW SRR 2011, (5) : 464-472.

Mao YJ,Huang X,Zhao J,et al. EphB4/ephrinB2 reverse signal-

ing regulates expression levels of PDZ—-domain proteins during os-

teoclast differentiation of RAW264.7 cells[ ] ]. Sheng Wu Hua Xue

Yu Sheng Wu Wu Li Jin Zhan,2011, (5) :464-472. Chinese.

Mao Y ,Huang X, Zhao J, et al. Preliminary identification of poten-

tial PDZ—-domain proteins downstream of ephrin B2 during osteo-

clast differentiation of RAW264.7 cells[J]. Int ] Mol Med, 2011,

27(5) :669-677.

Matsuo K. Eph and ephrin interactions in bone[ J]. Adv Exp Med

Biol ,2010,658.95-103.

Harmey D, Stenbeck G,Nobes CD, et al. Regulation of osteoblast
(PMT) :a role for
Rho GTPase in bone formation[]J]. J Bone Miner Res,2004,19
(4):661-670.

differentiation by Pasteurella multocida toxin

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

McBeath R, Pirone DM, Nelson CM,, et al. Cell shape, cytoskeletal
tension, and RhoA regulate stem cell lineage commitment[J]. Dev
Cell,2004,6(4) .483-495.

Allan EH, Hausler KD, Wei T, et al. EphrinB2 regulation by PTH
and PTHrP revealed by molecular profiling in differentiating os-
teoblasts[J]. ] Bone Miner Res,2008,23(8):1170-1181.

Egea J,Klein R. Bidirectional Eph-ephrin signaling during axon
guidance[J ]. Trends Cell Biol ,2007,17(5) :230-238.

Grigoriadis AE, Wang ZQ, Cecchini MG, et al. c—Fos:a key regu-
lator of osteoclast-macrophage lineage determination and bone re-
modeling[J]. Science, 1994 ,266(5184) :443-448.

Asagiri M, Sato K, Usami T,et al. Autoamplification of NFATc1
expression determines its essential role in bone homeostasis[J].
J Exp Med,2005,202(9):1261-1269.

Ishida N,Hayashi K,Hoshijima M,et al. Large scale gene
expression analysis of osteoclastogenesis in vitro and elucida-
tion of NFAT2 as a key regulator[J]. J Biol Chem,2002,277
(43).41147-41156.

Takayanagi H, Kim S, Koga T, et al. Induction and activation of the
transcription factor NFATcl (NFAT2) integrate RANKL signaling
in terminal differentiation of osteoclasts[ J ]. Dev Cell,2002,3(6):
889-901.

Richter M, Murai KK, Bourgin C, et al. The EphA4 receptor regu-
lates neuronal morphology through SPAR-mediated inactivation of
Rap GTPases[ ] ]. J Neurosci,2007,27(51) ; 14205-14215.
Zhuang G, Hunter S, Hwang Y, et al. Regulation of EphA2 receptor
endocytosis by SHIP2 lipid phosphatase via phosphatidylinositol 3—
Kinase-dependent Racl activation[J]. J Biol Chem,2007,282
(4):2683-2694.

Pasquale EB. Eph-ephrin bidirectional signaling in physiology and
disease[J]. Cell ,2008,133(1):38-52.

Arvanitis D,Davy A. Eph/ephrin signaling:networks[J]. Genes
Dev,2008,22(4):416-429.

=T RHE A e, XU A Wit {5 S AR [T]. R
H14,2010,23(4) :320-323.

Gao NY,Cao YL,Liu T,et al. Wnt signaling pathways and os-
teoarthritis[ J ]. Zhongguo Gu Shang/China J Orthop Trauma,2010,
23(4):320-323. Chinese with abstract in English.

Kwan TS, Pelletier JP, Amiable N, et al. Treatment with ephrin B2
positively impacts the abnormal metabolism of human osteoarthrit-
ic chondrocytes[ J]. Arthritis Res Ther,2009,11(4) :R119.
Edwards CM, Lwin ST, Fowler JA et al. Myeloma cells exhibit an
increase in proteasome activity and an enhanced response to pro-
teasome inhibition in the bone marrow microenvironment in vivo
[J]. Am J Hematol ,2009,84(5) :268-272.

Pennisi A,Ling W,Li X, et al. The ephrinB2/EphB4 axis is dys-
regulated in osteoprogenitors from myeloma patients and its acti-
vation affects myeloma bone disease and tumor growth[J]. Blood,
2009,114(9):1803-1812.

Diercke K,Sen S, Kohl A, et al. Compression-dependent up-regu-
lation of ephrin—A2 in PDL fibroblasts attenuates osteogenesis|J ].
J Dent Res,2011,90(9):1108-1115.

(ki BT :2012-11-16  ASCHwAE . 2520





