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[ Abstract |
cells,and to explore the mechanism of ERK signal pathway in persistent enhanced FGFR2 function on development of mice BMSCs

by a knock-in mouse model with the FGFR2%°*V/"  Methods

Objective To study the role of ERK signal pathway in the endochondral ossification of bone mesenchymal stem
Mice with neo-FGFR2 gain-of-function mutation were mated with
EIl-Cre mice. The genotype of generation mice were identified by PCR and divided into wild type group and mutant type group ac-
cording to their genotype. 6 week-old mice were sacrificed to receive bone mesenchymal stem cells. The western blot was used to
compare the level of P-ERK and ERK and the RT-PCR was applied to detect the genes of Col2,Col10,0OC,OP in chondrogenic dif-
ferentiation medium of BMSCs. Then, treatment of cultured BMSCs with PD98059, compare the changes of genes and utilize the in
vitro culture of long bones detect the role of ERK signal pathway in the endochondral ossification by FGFR2 mutant. Results We
successfully derive BMSCs from FGFR2%*Y/* mutant mice and found the activity of ERK signal pathway of FGFR2%*V/* was en-
hanced. After been cultured in chondrogenic differentiation medium, the expressions of the BMSCs mRNA of Col2,Coll0 from mu-
tant group were decreased, while the expressions of OC,OP were increased. Those OC, OP genes levels showed an increased treated
by PD98059. Using in vitro culture of long bones, we found the retardation of total length growth of long bones has been rescued by
PDY98059 treatment, suggesting that ERK signal pathways was responsible for the retarded long bone development in FGFR%2V/*
mice. Conclusion The results indicate these effects are mediated by the ERK signal pathway. Furthermore, the retardation of long
bones has been recued by PD98059 treatment,suggesting that ERK signal pathway is responsible for the retarded long bone devel-
opment in FGFR2%°*Y/* mice.
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1.2 FEEHS5A &0 R B0 L (Sigma 24 A 48
) , HL 9k A (Bio-Rad 4y &), % [E) , PCR System 7500 ( Applied
Biosy Stems /A ), 3 H) ,PCR U (F#E Gene Amp 2 #)) . BB
B8 % %t (Bio-Rad A ), 5 D, i ¥ AR & QSRR #1064 1 i
6 TREBTTE BT 40 i 35 57 46 (Thermo Forma 22w, & ED . W14
i (Olympus 22 & . H A , Spot 4 & % & ¥ i A H1L (Diagnostic
Ins truments A &), EEH), EFIXF . & A K(Roche A,
F ), M ZE R L TGF-B(Peprotech /A Al . 3 ) , ITS(Sigma 2
], 2 E) . Rever Tre Ace-a-ii s iR # & (TOYOBO A #, H
), Trizol (Gibeo 43 @), 2 [E) , Phospho-ERK/ERK 7 {4 ( Cell
signal technology 24 &, 2 [E) . ERK FH ## 7] PD98059 ( Selleck
ANE L FEED , o DMEM., {8 DMEM., i 4 I 35 . 66 28 1 B
(HyClone 2+ 7] . 3£ [E) ,PBS # .

1.3 FGFR2¥™'UNEFE N B % 5™ /NEL BT B T4 /1
B, #5100 mg/L R A K (A 2U3# % 56 C 2 12 h, 42
AR DNA, AU TSI #4749 8. 2 neo B + 548
FGFR2 /) . R,-7R, : 5-TTG ATC CAC TGG ATG TGG
GGC-3',RINA.5-CCA GAC TGC CTT GGG AAA AGC-3';
EIl-Cre /N, C, :5'-GCC TGC ATT ACC GGT CGA TGC-3',
C,: 5-CAG GGT GTT ATA AGC AAT CCC-3'; FG-
FR2%Y/* N, R, I6F, ; 5'-TAG GTA GTC CAT AAC TCG
G-3',R,-7R,:5-TTG ATC CAC TGG ATG TGG GGC-3',
PCR ™ ¥y Jog UK G - AR5 4541 %/ BREEAT X 43 (1B D)
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1.4 & ®&E 78 & T 40 il (bone mesenchymal stem cells, BM-
SCo il & 4 6 JH i BF A= B Je 52 A BN BB A AL R IS B T
75% BRI 10 min, O A F N A0 B R s s BT T BY
IR R W AR IR A 1026 iR LY Y
DMEM (IR 4 85 35 W 52 52 b % 1 8 JE 5 B B 20 Jf0 o AT
B L v 5 YR A9 R 8 40 RIS L K Al 37 C 5%
CO, BiFrAirh i, 24 h G A M v Ok He i LU i 2 d 4 1
W.T~8 d JG 42y 90 & J5 - I 0. 2526 i 28 [ i T 1k 4
min J5 AT, L7 400 LL 1 000 r/min B0 5 min, 4% 1 ¢ 2 6]
B % . BE K R 5E 2 A0 M A7 5255 .

1.5 BMSCs JAH T2 L XM SR A &5 BUEK R
BRI 2 £ BMSCs, BL 5X10° /LR T 6 LA P . &
10% JR4 Mg i) DMEM (KB RE e E Bs e . A 7 d /2
AL R RS2 MA A RREERERRIEE 10%
B4R 3 .10 ng/mL $% 4k 4 K Fl 7 (transforming growth fac-
tor, TGF-8) .50 pg/mL HU IR 1L BR . 1077 mol/L M %€ K #4 . 50
mg/mL [ 15 2 8 1% 33 2 [ (insulin-transferrin-selenium,
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ITS) ] DMEM & B3 57 S 04T B 7 5. 48 3 d il 1 K.
o T ERK {5 5 3l BE 7R 90— N R i AR P AR AL TR Bl
WL AR Eon A ERK 5 5 il B BL AR ) PD98059, #e B 20
pmol, FEATHE SR .
1.6 W3t PCRAGIIE R R B A F R
14 d 4, mA 1 mL Trizol #2H RNA, £ 583 e B 31 5
AR RS . BUR RNA 1 g, 2R F 08 % 53 i) & o A7 30 4% 5f
SR 3 ) cDNA F —20 CHRAE. NRIBIFEFIImT .,
Col2, sense primer,5-TCT TTG GCT CAC TGG ACT CT-3',
antisense primer,5'-CCC CTC CTG CTG TGA AGT TG-3';
Col10,sense primer,5'-GCA GCA TTA CGA CCC AAG AT-
3", antisense primer,5'-CAT GAT TGC ACT CCC TGA AG-
3'; OC, sense primer, 5'-TCT GAC AAA GCC TTC ATG
TCC-3',antisense primer,5-AAA TAG TGA TAC CGT AGA
TGC G-3'"; OP, sense primer, 5'-TGC ACC CAG ATC CTA
TAG CC-3', antisense primer,5-TGT GGT CAT GGC TTT
CAT TG-3". L cDNA Jy#idR . 217 PCR 41 . 0 Mg 3 A&
fLEARNER 3 K. PHIAM:94 C 5 min; 94 C 30 5,57
C 30,72 C 30 s,45 DYFFF. fN5EHE T b 52 FEO0 E B
PCR AU B
1.7 Western blot # ]  H 2 {8 BMSCs, #¢ B 2 & [ . 1l 45
SOMRARIEFN 100 B JBe . A FL EAE 10 pg TR RE S 4T
HLUK . LUK S R 56 150, 8 VO MR W M R B A 2 b e —Hiut
P BHATRBE A LK. #THERNE . PVDF &R
A ECL AL R IGH AL 5 min J5IE S #4788 .
L8 JRIGK A BRSNS W& T WU IG (E16) /) BUIR
B AT AL 10 min(1 mg/mL dispase #¥#0) - 98 ) 15 fif &1 12 13
BE R HEAT B AT L B 2 R A B SR AR IR AR AS T R
IR EJEHAEA G MM E .= A BGIb X 57 5 19 B K 57 LY
(BGJb Hi 235 0. 2904 1ML 15 4 11 .50 pg/mL 4E4E % C.10
mM B-H Il BER 1.2 mmol &2 #2100 U/mL 55 F F 0. 1
mg/mL §EF ) . BT 37 C.5% CO, iy LA 4007 77
UL 10 S hRA . 4 3 4l BIEF A 41 Cin A 0. 1% DM-
SO) RAFRIH A 0. 1% DMSO) , PD98059 4 J7 4H (58 48 1Y
HIMA 50 pmol PDIS059) A 2 d ik . SR 7 d J5 s
B A I 1 5 L 7E A &) 008 T I AR A SR B (rotal length,
TL) 454k 20 21 K ¥ (ossified tissue length, OL), 3% FJ K B 1%
I Gy Aok FORKBEM A . KERINE 4% = (R 5 7
d R EE— MM EE 37 0 d K B ~ MAMEE 3R 0 d YK X
100% .
L9 Ziil=#4b B R SPSS 17. 0 b #E 17 B4 4k 22 Ko dis
PLzts FoR AT e K. M P<<0.05 NESFHGII¥E L.
2 &5 R
2.1 FGFR2¥Y" /Rl BMSCs 1 i ERK {555 i 0 12 1k 2
B XTE AR KA FGFR2Y 7 /N BMSCs #1 ERK &% 1
Lo Few BRAL K FI ] Western blot £ AR BEAT A . 2525 BR
ZRAFT FGFR2 Ty Be 3 3 2 28 48 J5 BMSCs ' ERK 845
RixER TG B L M B AR TR IB M (E 2, 45
{878 BMSCs #CH 4 R i 72 h FGFR2 /] g 24 ERK {5 %5
T X L A
2.2 PD98059 fif BMSCs v ERK {5 5 H B iR 1k 72 & U 5
7E BMSCs i #7558 in A ERK {57 5 3 #% BHL i 77
PDY98059, % & ERK g 5 il i 7 FGFR2 41 & BMSCs ¥ &
FCE o> Ak B R P A . T8 ] Western blot £ R & B,



FREF 201553 A% 44 5% 8

PD98059 il ERK B4tk F- . 5 W] il ] ERK {5 538 B . L
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A S T G R A Ak R AR B 4R (Il 3D, FF BMISCs 7E
A ERK BH BRI BURCE 15 S 1 95 05 K0l 21 d JE A G Y
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FGFRs J& T 5 1K % & 2 55 1 1% B (receptor tyrosine ki-
nase, RTK) K%, EEA 4 F %k (FGFR1,2.3.4) , filLfi ]38 i
5 R4 4k 40 o A K I F (fibroblast growth factor, FGFs) 45 &
REEEYS IR . 8% 3 058 & B0 4 N 28 0t 1% i 8 5 El
FGFR €78 5|2 . 5 W] FGFR X H MK A HREEW EHE
FERET,

A3 ik A B AR 87 T FGER2 3 fig 3545 1 3 Rl 28 28
ANBUBERL L FGFR2 T RERFSL 1 5, 5 T 32 90 /91 4 7L 141 | I 1
WS A1, 28 75 /N B BAATE 55 /08 | DU B 1) S 6 RIS 3 B I R 3R
WS Apert ZEEIE R FIm KK, EAEFREWED
& E R FGFR2 AU 1Y B 40 0 & J . 26 501 40 i
FFERE I #) FGFR2M M, 368 FGFR2 & BE % 18 7 #0140 i &
H W N R .

BMSCs B4 BUb 7 V55 357 fE 7158 VA £ 18 4 1k BE 1 % 1k
SR Bz AR R N B AR P I R I R
T 41 i %% 46 T 46 78 38 43 Ak T UK 1 A0 0 B R R I B
T A N 7 i I A T 8 B A0 I A 4 i
UL B4k B . AN 5286 3R A3 FGER2 Ty AE 345 25 1 o8 114 15 46 i)
TR T A0 MO AT A AR SME R R SRR R EMRT
i B 15 5 38 B % FGFR2 A 3 80CE N BB 19520

WA WF 53 1F S5 72 B i R & i B2 vh FGFs/FGFRs 55 & 18
w EEA/ERM . M MAPK £ FGFs/FGFRs {55 iif il j%
EEH AT ISP /EHE K, MAPK 5@ % 3% i1 ERK.JNK,
p38 3 Fh M EE L A L BF 5¢ 2 B ERK {5 5 8 B& 75 R B 40 g F0
HEMEmEE R EEEg A, KA M FG-
FR2%Y/™ 5878 BMSCs iy ERK % 2 {0 A2 i . 3 By oR L iX 4~ 45
R 2R FGFR2 3@ of 1845 i ERK 58 ¥ % 58 Py s 177
W Rt — LIRSS R 4k 2l T ERK {5538 3% B W7 52 55 F
SEAE A T BT 3R 9 BMSCs H i il ERK Gl #% 19 B 5 57
PD98059, Al WL i 3 2 it T ERK B b i K3k, A 5 5
3% BMSCs #4050 B 9 B 1 72 L lF — 45 38 S B o e e
PCR Fb 4258 [ 05028 Ja % B 300 s 7 b SE B el 28 . 5
RIS R BMSCs A ERK 5@ #% B i 71 16 & 35 57 )5 UK
HE A Col2,Coll0 B LA K L T BB #H 6 H: I OC.OP R ik H
L. BERENBCE R M E %5 8 FGFR2 & (K58 1 T i
ERK {55 J# 76 7 0 s 40 Hr 5 2 v ERK 5 3% 16 F 5% i A oK
76 J5 W0 A 1 P ol 3 ERK il 3% 0 vk 98 3 R kB L AR
o L BH RS B B it R . BR AR Miraoui 2612 B 98 & I AE FG-
FR2 I & 1% 9% i (8] 58 BT T 40 Md C3H10T1/2 t ERK1/2 JK
PKC 3l ¥ #4005 P4 75 8 1 78 o Ak o AL X g o AR R
AKX,

YEH UG RCELS d) i 4 2 1A Hh 85 3R 5 A, 3k — 25 35 4F
FEACE PR 2 B rh FGFR2%Y/ ™ M ohr ERK 58 I 1) 5% 1
HAMEFRB K B K F 8, LR KNG LT W H FG-
FR2%7Y N B B B B B 45 Ak K B8 ¥ B 17 A TR/ B
Ui FGFR2 oy B3 0 S 3028 28 RN SRR P9 8 55 7] 8 07
AN RGR %, I 4 4k Shi2 O ERK (5 5 58 B Y B 1B R
PDI8059 (e B 50 pmoD k& 5 37 J5 » AL BN RAK 5 K 7 B
A8 —E AIE W 2Z A Yin 55 8 78 FGFR2SY gl o
RSN 8 35 150 B o A PD98059 4 2% i 4% BL A 2 4 IF K
HRE WA — 8, A UE S FGFR2 40 5 m R iz
ERK 5 % 48 o s o 2 3647 8 45 .32 Fl ERK {5 5 BIL#E 5
Xt 5 A8 /N BB I B R T IR A — B CR #5568 1016 50
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