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EphB6 fE/NREREE 2B TR & 5L AR TR

gz RL,R &, EERNR 7L ERA LA OR'LA @ (400038 Pk, 55 =B K% . PR IE B i
Bl 2B ARG SER P 2 3 I M) 322

(=] HIY T EphB6 16/ BUE#618) 785 T 40 id ( bone marrow-derived mesenchymal stem cells, BMSC) & 431k
PAE R AT RELE . 7k K BMSC 3@ b AR A LA T A5 B 2 0, 4 4 41 BB 53 5 .14 d(A L B 4) 54
Rk 514 d(C.DA) , FHRAYAKIMETEET , 2 gk il 45 L g PE B ER S P , Runx2 | Osterix #1 EphB6 /i) mRNA £k, 2R
FHUF 2 AR R ephrinB1-Fe #1% EphB6 F- 8 2 4 1 iR+E4R, &54  ALP % Runx2 il Osterix 78 A B 41357, H. B 414
BB B i ALP 3EME[ (7.32 £2.02) 4 S8 (7/100 ml] Runx2(3.442 6 £0.258 5) {51 Osterix (2. 482 3 £0.329 2) f,
EphB6 (135K TE1E A B 41IRAK, HL7E B 41545 (0.754 3 £0.023 5) 4%, L ephrinB1-Fc {4 i% EphB6 Ji5 , #§ 2 41 Ye 0, i 7R
FELEFTHA g0, ALP M B 3 TN (P <0.05) e iR B BCARVE IS ALP 75 4 [ (12.20 £1.30) 4> [RH43%/100 ml ] #1IK
e BETRAA (15.40 £1.03) & [CEA(7/100 ml ] A #E—4 FRE(P =0.008) . FeifEMJG , BMSC BB 4L H Runx2 F Osterix
W)X WE T, 4518 EphB6 il il J7#% Runx2 I Osterix il BMSC mi 41k o

[ X$##i7 ] ephrin receptor; 8 [H) 7o 5T T4 M ; W H o3 1k s 4L EL TR

[HhEESES] R322.71;R329.26;R341 [ XHtFRER] A

Effect of EphB6 on osteogenic differentiation of bone marrow-derived mesenchymal

stem cells
Li Songtao', Liu Yong', Song Lei', Dong Shiwu®, Di Ning', Li Dianwei' , Xu Yuan', Zhou Qiang' (' Department of Ortho-
pedics, Southwest Hospital, *Department of Anatomy, College of Basic Medical Sciences, Third Military Medical University, Chongqing,
400038, China)

[ Abstract | Objective To investigate the effect of EphB6 on osteogenic differentiation of mouse bone
marrow-derived mesenchymal stem cells (BMSCs). Methods The BMSCs seeded on decalcified bone matrix
by biphasic seeding were divided into an osteogenic differentiation 5-day group (group A), an osteogenic differ-
entiation 14-day group ( group B), a non-induced 5-day group ( group C) and a non-induced 14-day group
(group D). Alizarin red staining was performed to detect calcium nodules. The activity of alkaline phosphatase
(ALP) and mRNA expression of Runx2, Osterix and EphB6 were determined by ALP kit and quantitative real-
time PCR, respectively. The indicators above were examined again after the BMSCs were treated with soluble
ephrinB1-Fc to activate EphB6 in all the groups. Results ALP activity and mRNA expression of Runx2 and
Osterix increased in group A and group B, and ALP activity (7.32 +2.02 King’ s unit/100 ml) and mRNA
expression of Runx2 (3.442 6 £0.258 5) and Osterix (2.482 3 £0.329 2) reached the peak levels in group
B. EphB6 mRNA expression was downregulated in group A and group B, and reached the bottom level in group
B (0.754 3 £0.023 5). After the treatment of soluble ephrinB1-Fc for EphB6 activation, a significant reduc-
tion of calcium nodules was observed and ALP activity significantly decreased (P <0.05). High-dose eph-
rinB1-Fc showed stronger ALP activity decrease effects than low-dose ephrinBl-Fc (12.20 £1.30 vs 15.40 =
1.03 King’ s unit/100 ml, P =0.008). Similarly, the mRNA expression of Runx2 and Osterix was downregu-
lated under ephrinB1-Fc¢ treatment in a dose-dependent manner. Conclusion EphB6 inhibits the osteogenic
differentiation of BMSCs via mRNA expression regulation of Runx2 and Osterix.
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Ephrin receptor( Eph) FIEC {4 ephrin #5240 3=
T IS AR 1 o BLAA ephrin 552 1K Eph 454
J5 4 ML A DX [ I 4 2B B R AL, J8 3l 3Ln) 5 5 1%
G2 %t ephrin-Eph {5 5 RS AIATF5T F B4 e 2
RG5O Rz A AR R B
—(HESREEEHRET T M A E
TAVE ., B BEM 7S B T 40 MY ( bone marrow-derived
mesenchymal stem cells, BMSC) 7F il ‘& 2046 i 3 %
ik ephrinA5/B1/B2 F1 EphA2/B2/B4/B6"* . Hui .
HWFFEUESE ephrinB2 11 EphB4[9] \ephrinBlm] TR
AT R E I FALE, BT T ephrin-Ehp {55 R4
By A 73 F 75 BMSC J & 4 f6 19 AE FH i A6 2
EphB6 & Hh 2z —, & —E#iA A RE R sh i A5
S SR R 4 20 R AR R i
W9 KB, EphB6 7E45 G LK ephrinBl J5 & 4= T B4
WML I 3 T ML 438 15 51 . 76 BMSC il
A R EphB6 2R WS T HAE, EH PR
B 2B i, A BF SR WL 4¢ BMSC i 434k h
EphB6 y3&ik7284k , 39720 Wil EphB6 5 RCik 45 & f5
XF A A R R

1 #REFE

1.1 BMSC ¥4 % 5 5%

BMSC HL [ 36 H 4 J& Y SPF 2% itk C57BL/6 /N (55 =
HERRFETI Y HORML) o B TE/ N, 75 75% T9H Hh
2L 5 min, JON BEB IR E o K e AR B DB T v ) B KT,
FAFE G (DMEM/F12 + 15% JiG 4 i3 ) /9 20 53 5t 4 o
Ve WO MR T AN, 1 500 %/ min B0 5 min, 3
LV R E R, L 3% BERRIA AN ARG , 114k
BAZANM, T AN 3 x 10°/em® FEFHAE 25 em’ 3890, ik
A 37 C 5% CO,MeFE 3%, FRaliaA Kk 3] 80% A&, LA
0.25% BEEFH LG 1. AN 75 2508 3 U T &85
1.2 H&E@wmiizqg

KRR 6 BMSC H2 R T4 I 85 B e i o
AR A VY g = g DG 2 4 T rP o B At B 2R IS - L 5 (dle-
calcified bone matrix, DBM) , |5 10 mm x 10 mm x 1 mm /)5,
IEAEMHIRTLL PBS FS 35904 59236 24 h, F145 3 1% BMSC
ARG LB M Y 1. 25 x 107 /ml fY4TIEE% ., B 0.8 ml 4
MW 5 0.2 ml BREIEE (5 mg/ml, i A K LEWFHE) 1R
A7, il B A0 - B R W, SR JE FE 45 B DBM - Jin 200 wl,
37 °C 5% CO,W56 9 & E 10 min, FRANA-5E IR B 5,
DBM 41 T RSV Bk b i i i i o5
1.3 BBk Sk ey e

DI i S AL TR R 1 BMSC i o1k, BIZE &5
15% fifi 45 M35 B9 DMEM/F12 5532 W0 A0 10 7 mol/L s %€k
#A 10 mmol/LB-B R H i .50 wmol/L 4= C B B AL H 5

IR
1.4 SEo4
141 BEiHES BMSC #:#0F DBM 45 & B i 5
5.14 d e iR 514 d 4 AL, 4058 A B.C.D 4,
HH 4 NPA . ABALEIE SR WESE,C.D AL E
FEFRMIESE . K 4 L0 BERR G ( alkaline phosphatase, ALP)
&, I Real-time PCR, A B £ [ i i PCR FO¥EKE FE Uk
1.4.2 Pk ephrin %54 EphB6 (15255 A .B.C.D 445
TIN 1 wg/ml (R E ) A1 5 weg/ml (=) A9 ephrinBl-Fe A
[l B 04 /N B TgGL, N 3 500 9 25 20 4 S 25 L6 IR, eph-
rinB1-Fe( Sigma 2 &, 528 ) VA Z0M-5E A B, IR ZE S 2 T P
PREEAR R A T AR B, B 3 R4 . 3 LURR IRV B2 (/N BRL TGl
(Sigma AT, 32 ) VE T4 L01E ] Fo BERHR k0 i) 4l
FH 51 [5] ephrinB1-Fc,, £5-4H f# Real-time PCR,B D ZH#&{l] ALP
.
1.5 Real-time PCR #m|

FRAE SCHR [ 8 1, BMSC 7E i B 43 1k v fi 35 32 3% ephrinAS/
B1/B2 1 EphA2/B2/B4/B6 , st ABF 5246t 7 A B K AE ik
S B 2] P ) SR AR AL, RIS G Runx2 A1 Osterix /4 43
fbtEFR. LLO. 1% BilE +0. 1% 1 BRI A EETE 37 CIE A8 T
1 h,200 HUEMLUESS, 1500 r/min 2.0 5 min, A4,
e IR G (AU 3 RAR) 8 B B B B RNA I 46 56 0 652 ) 1 2%
cDNA, N ASFFR R 519 ( BilEA T, 3R 1) Ao thnk
#1 SYBRGreen( TOYOBO) , i Real-time PCR 45l ( PCR System
7 500, Applied Biosystems) , A B £ PCR &g Ak, 556 3
£t BMSC 5,

F1 FRERBSIYFT

HEP ElkZbgdl PO E
B-actin i 5'-ACCCATCACCATCTTCCAGGAG-3’ 159 bp
T 5'-GAAGGGGGGAGATGATGAC-3’
ephrin-A5  _[Jif 5'-TCGCCTCCACCACCAACAC-3’ 215 bp
TiF 5'-GCGATGCCAAACCAGAGACA-3’
ephrin-Bl  _[i# 5’-CTGCCCCCTCCTCATCCCTTC-3’ 184 bp
T 5'-CTCCCCCACTCCCCTGAACTACT-3’
ephrin-B2 1§l 5'-AGCCCCCCAAATTGATGTG-3' 286 bp
FiF 5'-GGCAGGGATGGGGTAGGAG-3’
Eph-A2 % 5'-CTCCGCGTTGGGGTCACTC-3' 193 bp
TiF 5'-CAGCAGGGGGACCGATGTAG-3’
Eph-B2 Li# 5'-TCGCCTGCCTCGGTTCTC-3' 196 bp
T 5'-CCCACCCAATCCCCTTTTC-3’
Eph-B4  LjiF 5'-CCCGCTAGCCTCAAAATCGTG-3' 150 bp
R 5'-CGCTGCAAAACTTTCCTCGTATC-3'
Eph-B6  LJiF 5'-TGCCCCCCTGGACTACATCTAC 3’ 185 bp
T 5'-GCCCCCTTCAGCCTGGAGAGTA-3'
Runx2 [ 5'-GGGGGGATAGATTGGGGTGG-3' 106 bp
FUF 5'-GGAACAGAGAGCGAGGGGGTATA-3'
Osterix  _FJi# 5’-CCCCTCGCTCTCTCCTATTGC-3' 184 bp
TUiF 5'-CAGGGGCAGAGAAGAAAAAGTTG-3'
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&2 KEMAR Real-time PCR N ER
2115 Runx2 Osterix ephrinA6 ephrinB1 ephrinB2 EphA2 EphB2 EphB4 EphB6
A 2.850 1 1.536 8 0.763 1 1.259 9 0.621 1 0.818 7 0.990 8 0.957 0 0.804 9
B 4 3.2332 2.663 6 0.8417 1.2340 0.891 3 1.0450 1.038 4 1.023 6 0.727 0
c4 1.0250 1.2653 1.149 2 1.062 0 1.138 7 0.992 4 1.054 7 0.9759 1.079 2
D4 1.584 8 1.155 6 1.086 4 1.007 4 1.0357 1.2497 1.100 4 0.9823 1.007 0

1.6 BPEBE B B & P A

ALP JEERE I & W F /e s Ak TR, 5
AT J5 LA 7S B 4,2 000 r/min 2.0 15 min CEE 135 .
1E 96 FLAR PIIA 50wl 3 W, #3050 & wd BAR U A &3
7, 520 520 nm ARG S RE 1A ALP 3
1.7 #HFEakeE

PRGN &0 A B A Y TR T, ek
Fl G e gLt s, F I A TR,
1.8 it ot

BAELL x =5 2R, W H SPSS 18. 0 Giif-# 4, 2 41 54 1]
AT IR R 7 2257 #7 o

2 HR

2.1 A>T ALP &M % 4L Fe EphB6 # % ik

RJE Real-time PCR fY45 R (£ 2), Runx2 1F B 4 £ ik
Z kR A, C.D A RE R, Osterix Tk EH L
Runx2 —%(, EphrinB1 7E4 525020 35 194, ephrinAS/B2 Fil
EphA2/B6 W I AN [ A2 (1) T 4, EphB2/B4 1% 47 B i i) 4%
o HEERCHRIK TR BB 1A) o i — 25 W K
43 EphB6 3635 , #% HEAH [E] /340 (n = 4) HE— 25400 ALP
15 (& 1B) , EphB6 . Runx2 Fl1 Osterix A mRNA ik (18 1C),
A N B AR ALP 35 MEREE C 2H.(3. 81 £0.77) 43 [RHL07/100 ml |
D #H(2.97 £0.96) 4 G #47/100 ml J17E (P <0.01), H B 44
(22.65 +1.97) 4 FC(7/100 ml #5 A 41(7.32 £2.02) & [ 80
£32/100 ml il ALP 35 B 5 (P <0.01), C 401 D 4t %k,
Runx2 (P =0.697) .Osterix( P =0.732) .EphB6 (P =0.263) {{j 5
WA R, YO AS A BB K SE, B A 41AY Osterix
(1.1875+0.082 8) %5 C H[ (1. 119 6 £0. 132 1) {%,P =
0.636]F1 D ZH[ (1.168 5 +0.152 7)4%,P =0. 894 | 15 47 i &%
FHMABAR ST MEHE S C.DHHFRELEF (P <
0.01), B Z1f% Runx2 F1 Osterix # A 21 F iR (/5 P <0.01) ,
i EphB6 Bk A 41/ (P =0.013)
2.2 ephrinBl-Fc 4 A /& EphB6 #= m& B 51 35 47 69 &

rE

PER LY R, RYES 10 BMSC %A 45 45 1 A= i (1&
2A) B HAEMEHET 14 d FAKRESE A (E 2B) ,5 py/
ml ) ephrinB1-Fe 1 FJ5 45 25 57 W i pdi b (I 2C) 17 5 peg/ml
N IgGl YER RS a (F 2D) 5 BAMBIES 14 d 5
W AR, FIRH ALP 2R s b)E 1A B AR Ak, 7

ephrinB1 4543 EphB6 AYSCH (LA I B 4141 D 41 (/& 3) . 4%
URR SR I A 25 0 IR A ALP 35 PR A 22 5% (P >
0.05) . ephrinBl-Fe fEHIJR , 54 PEAIAS FO0 I FUAR, ALP %
PRI 2 T FE (P <0.05), ALP 3 ¥ 76 iy vk B2 BC AR A 1 e
[(12.20 + 1. 30) 4 [% 5 47/100 ml ] 52 I e J3E e 44 4R H Je
[ (15.40 £1.03) 4 [CHAL/100 ml ] A #E—2L TR

1 2 3
400 bp—

200 bp—
100 bp—

«—BMSC

400 bp—

200 bp—
100 bp—

N EAET S d

400 bp—>

%(0)8 Bg - <A 14d
4.0 ORunx2
351 [ Osterix
3or W EphB6

25F
20F
1.5F
1+
0.5F

0 L

A4l B 4 D 2

A:PCR G # M ik 25 % ;1. 45 2: ephrinAS; 3 ephrinBl; 4
ephrinB2; 5. EphA2; 6. EphB4; 7. EphB6; 8. EphB2; B. ¥ & &
HATLER ;a:P<0.05,5 C.D A& ;b P <0.05,5 A Mk

1 BMSC B &% 4 & EphB6 Runx2 1 Osterix =ik 7Kk 354k

$ )
A k5% BMSC;B:B 28, s B i5F 14 d;C:5 wg/ml ephrinBl-Fe
Y6 ;D5 wg/ml R TGl 45 R

El2 BMSCZFEILHEFHBZFEHRARLENE ( x40)
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257 O ephrinB1-Fe Fe BB AR B B JCHOZ BMSC g R e A

E QEXIJ(H?; Hﬂ?ﬁi%ﬁﬂt VAR T VAT .
% N R Runx2""* Fi1 Osterix"*’ J& i B 431k v 5 52 E‘J%i
% 7, ik % on BMSC Bk A T8 70t by B .
& ALP & BMSC Jil 8 736 5 1 09 8 SEAR &Y. AT
= Hr FRATTRIAE RN T X BMSC 4k v 26 k H #AR
. . . LR ephrin-Eph 43 7, % Bl EphB6 £ 22 ik K F-47 5
B4l % Runx2 Fl Osterix 1 1A C Ay # . 7E J5 4% 52 5 h i

a:P<0.05,5 ) K IgGl rb#; b:P<0.05,5 D 4Atb4; c: P <
0.05,5 B AR b4
3 ephrinBl-Fc fE /5 ALP &4
B 20 2 Z ALk JF ephrinB1-Fe /E A 5 Runx2[ (4.581 6 =

0. 584 8) % ] s s Xt B[ (5.300 2 0. 461 2) /% ] i, {HE
FWFEZR(P=0.102) , TEAMUREELIRIE I A RS
SEPRSE Y B 2H Runx2 34 BERF S 1 X6 R AT 2S 1 ) R g 25 T R
(P<0.05, 8 4A.B), 75 WA ephrinBl-Fe {E HJ5, B 4H (1)
Runx2 (3. 411 1 +0.477 2) f5 4Rk BER i — 2 F R (P =
0.021), C LM D 41 Runx2 £ 4 MEHH R T I%A B0
Ak, AR R A 3 22 57 (P >0.05) , Osterix fJ 3
iEEMS Runx2 MEI( & 4C.D)

3 itig

UTAEWTSE K B ephrinB F1 EphB 2 5 #5i  1 &
A JE M. FIH] PTH/PTHrP fi2/Ni, BMSC i F 53
&, KB ephrinB2 £ G/, BHMT ephrinB2 5 H 52
1A EphB4 (6552 5 A FH AT LA ) 20 A9 45 0 AR T
Zhao %" SR AR AN -0 A0 AL R R G, KB
FH ephrinB2 3% EphB4 A {i¢ i JH 20 il 534 FsE
ik IR IRFTFEUESS, ephrinB1 {728 5 2 S BUwUE Al
T8 % & B JE ( craniofrontonasal Z54fiF) """ {H H i
I FEAN I B T ephrin-Ehp G ephrinB1 | eph-
rinB2 \EphB4 25 /DB 3 I ANIE R IZF G H
flus31-%F BMSC i 2 AT %0 . 1 fift ephrin-Eph

R (1 pg/ml)EH U (5 we/ml)4

6 oephrinB1-Fe 6 oOephrinB1-Fe
5 o/ 1gG1 s o/l 1G]
w5 G AR
é 3 é 3
2 2
e @ 1 i
olLL] . L _ 0 v
A#H B#H céH DA 2 B#l Cc#4 D4

—PUESE R IR A SR CONE A S ST s
75 14d” BT, ALP 35 M 3% 81 19 =, Runx2 il Os-
terix FEIKTEWT 114 , 1 EphB6 ) mRNA 323k B W
A, PR B A Ak i Jé  EphBO 1) 33K 7K P BRI (1)
BT kKT HhR5I3CH) o RiE—2 T f# EphB6
FRCE 53 A2 8] 02 75 A B U1 &, FeAT 18 ephrinB1
L5 EphB6 254, [RIE X ALP 6P 45 45 15 F1 Al 43
ARG FE R G 2 252 . KARIRATF , ephrinB1 £
FETEAN MR I, AT A, LR ZE S Pk 1gG 1Y
Fe BeZ5 G0 G B A A IR . SEEe 45 R R, eph-
rinB1-Fe ff ALP 3 £ &%, Runx2 Fil Osterix K, H.
o VR B B X — RV E R s 2 o [WIEE, /NER TgGl Ay
SR PEXT BRSE GG R B ephrinB1-Fe ik 5 14 #% EphB6
(IFEHIE B T ephrinBl 5 EphB6 MyFER L5 G, A
& Fe BemyfEH . #5 R LG4 3R W], ephrinB1-Fe fE
GBS 45 B ol B 5 S 00 TN 1gGl AR 2
S LS A . FE5h 1 iE EphB6 (1 [RIAT ALP {5 |
B TR R 43 A AR DG 56 PR B Az S 3, 1 — 25 130 B
T EphB6 AIiE2 5 2 WU AL ry IR

IS i, S0 A& J i R v IE PR AR 1 R 2R A vk
I R 2 RO R A . BEAERIF ST 22 G 1 g 404k )
IR e S R 1K= | Oy e o - = R e 211 ok
K72 ABFFE o3 7 EphB6 %1k 5 BMSC
B S R AHOC A B Tk — 20 2R BMSC 41k

4.5 OephrinB1-Fe 4.5 OephrinB1-Fe
4.0 o/ 1gG1 4.0 o/ 1gG1
s : L ESEROR

B4l CH4l
ERE (5 pg/ml)2H

A4

AG B4l C4l
MR (1 pe/mD)4H

A REFFSGBARTHFTF 14 G;CH RiFFIERS DA LFFIER 14 d;a:P<0.05,5 0 R [gGl ;b P <0.05,5 D Arkix
& 4 ephrinBl-Fc /£ 5 Runx2( A,B)  Osterix( C,D) &KX
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EphB6 F1HAt EphB V5 16 1 5t — 4%, A e FE Ok
SFRYMEIR X P 91, {H7E EphB6 (1% iR i 45 14 1l _F A7
JUA B R T8 5 404G ATP 25607 58 E iy —
AN B PR AR B U, X (7% EphB6 Jf AR B
W S A R AL T P L Freywald 251 9 BF 5T
TR, FE AT 2 40 AN AR B A, EphB6 254 eph-
rinB1 55 EphB1 JE Wi 5 4> ¥ — 54K, By EphB1 i i
FEWE TR VE F (transphosphorylation ) 3 EphB6 % £ 1E
FH o ASHFSE B ARK I EphB6 7E45 4 B AR ephrinBl J&
AR ALK WS R] T OB I PR, O BLAE ik
J& ephrinB1 {E FHIS, iU TG PEREARTE & 2% . EphB6 7
BMSC |- [FJ#A AT BEH  2E fAY i 45 kA W R AL, 3
T ETEA 5 W5 Th B

L% 3k
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