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[ Abstract |Objective : To study the effect of follicle—stimulating hormone B (FSHB) on bone morphogenetic protein 9 ( BMP9)—
induced osteogenic differentiation in mouse embryonic fibroblasts(MEFs). Methods : AdEasy system was used for generating target re—
combinant adenoviruses(Ad—GFP,Ad-FSHB,and Ad~BMP9),and our investigation was designed into four groups: Ad—GFP group,
Ad-BMP9 group, Ad-FSHB group,and Ad-BMP9+Ad-FSHR group. Chemiluminescence technique and -histochemical staining were
conducted to assay alkaline phosphatase (ALP) activity on day 3,5,and 7, Western blot to test the protein expression of Runx2 and
DIx5,RT-PCR to measure the mRNA expression of osteocalcin(OCN) and osteopontin(OPN) ,and Alizarin Red S staining to detect
the matrix mineralization. In addition, Flow cytometry was utilized for analysing the cell cycle of different groups. Results : Exogenous
expression of FSHP dramatically enhanced the ALP activity on day 3 (6 874.67 +£224.93 vs. 11 935.67 + 568.76,P=0.000) ,day 5
(43 434.67 £2 047.57 vs. 98 913.33 £4 606.26,P=0.000) ,and day 7(38 198.00 + 2 376.43 vs. 78 534.67 +2 114.56,P=0.000),
and the protein expression of Runx2(1.171 £ 0.105 vs. 1.350 +0.053,P=0.026) and DLX~5(1.382 + 0.123 vs. 1.738 + 0.286, P=0.001)

and the mRNA expression of late osteogenic makers,namely
OCN(1.300 +0.045 vs. 1471 £ 0.046,P=0.002) and OPN(1.300 =

{EZE B : #5248, Email, 756805545@qq.com,
REF @ HTEE,

WEVES: 2 £, Email:3367009927@qq.com 0.084 vs. 1.479 + 0.038,P=0.016) , and matrix mineralization
ESTHE : EAFTHERRERSTHTE (5% 0s1c2012jA10113), induced by BMP9 in MEFs. Moreover, efficient infection of Ad-
4R %2 H4 B : http:#/kns.cnki.net/kems/detail/50.1046.R.20170313.1132.074.html FSHP or/and Ad-BMP9 remains no apparent influence on cell

(2017-03-13) cycle in MEFs (G1-phase; F=0.226 , P=0.876 ; G2~phase ; F=



— 328 —

BERENKXFER 2017 £ 42 %% 3 3 ( Journal of Chongging Medical University 2017.Vol.42 No.3 }

0.147,P=0.929 ; S—phase ; F=0.027,P=0.994). Conclusion . FSHB promotes BMP9-induced osteogenic differentiation without substan—

tial effect on cell cycle in MEFs.

[Key words]bone morphogenetic protein 9;follicle-stimulating hormone B ;mouse embryonic fibroblasts ; osteogenic differentiation

#82 e WHB B (postmenopausal osteoporosis,
PMOP) i K _b B RHH WL ot B il B A
PR , RILHPEFA IR B K (follicle—stim—
ulating hormone , FSH ) 3§ 55 1 3 2 7K ¥ (estradiol
E2)BeM, HRTLABMEBRTEN £, BETIK—&
FIBERN, HATEERIGIT RN AR,
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TRIzol% #2 HUE RNA, H 30 % s il % DNA, firJi7 17 PCR
Kl H #9565 mRNA kK R4S E S 3 K, PCR 5l
YIFHILE 1,
#£1 PCR3I#WFIIR
Tab.1 Sequences of PCR primers

8975 J¥51(5°-3") K/ (bp)
GAPDH I- 3% : ACCCAGAAGACTGTGGATGG 170
F#%: CACATTGGGGGTAGGAACAG
OCN I : CAGACATCTATCCGGGAGGA 196
T : CGCCTGGGTCTCTTCACTAC
OPN I #% : TGAAACGAGTCAGCTGGATG 186

% : TGAAATTCATGGCTGTGGAA
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1.9 %itFE 5

J% H IBM SPSS Statistics 19.0 34317505 BB S5 12
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FSHB I ANREIA S ALP {GEMERS N, {H2 BMPO 5 FSHB B &
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rsp - > . .
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D. Western blot £5 /K GFP il FSHB H4H
IR AEKY: MEFs24 h J5 FSHB 3k

B 1 GFP.FSHPB #1 BMP9 RYEABRRH 5 5B MEFs 4108 24 h FERIE B E (200 x ) AHERE M E B FiEKE
Fig.1 Efficient infections of GFP,FSHB and BMP9 recombinant adenovirus (200 x ) and the corresponding expression

level of proteins in MEFs
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2.3 FSHP 4% 3t BMP9 i % MEFs ¥, ¥ 841 & B 48 % 35 4%
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TEA LB AL B R 5 |, T4 24 /N SR U 24 3
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IR, LA K Tmage J 8445 B R 45 20 257 O ARG K BE AL
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0.109) . Ad-BMP9+Ad-FSHB £ (1.349 + 0.537) , H.41 ] b4

G425 5 (F=20.327, P=0.000) ; DLX-5 & FA7E&- 4L AR XS
Feik BN . Ad—GFP £ (1.000 + 0.000) ,Ad-BMP9 41 (1.382 +
0.123) Ad-FSHB #H (1.276 + 0.094) . Ad—BMP9+Ad-FSHB 41
(1.350 +0.286) , H 41 8] HeAe A G 1225 5 (F=37.753,P=0.000)

25 WK ,FSHB 5 BMP9 BXA g & BMP9 7 MEFs i
S R R SR T Runx2(P=0.026) . DLX5(P=0.001) [ &
H Rk K (F 3), il FSHB 415 % BA4TA H, B T
DLX-5 (P=0.004) i & [1 % 35 K F , {HX} Runx2 (P=0.076) )

%2 FSHPB %t BMP9 %S MEFs # ALP i&HERIRNE (x £ 5,n=3 )
Tab.2 Effect of FSHB on BMP9-initiated quantitative ALP activities in MEFs ( x +s,n=3 )

21 5 BIK BSXK BIR

Ad-GFPH 203833 + 113.36 3593.00 = 120.03 - . 288D 11636 « -
Ad-BMP94i 6 874.67 + 224.93 43 434.67 +2 047.57 38 198.00 + 2 376.43
Ad-FSHB 41 3490.67 + 381.41 4306.33 + 187.43 3239.67 + 51.64

Ad-BMP9+Ad-FSH B 4 11 935.67 + 568.76

98 913.33 + 4 606.26 78 534.67 +2 114.56

T+ F =2 409.637, P 43=0.000; F yyi=1 092.910, P 435=0.000; F' o1y pwi=453.177 , P 21 psw=0.000
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1:Ad-GFP 4 ;2.Ad-BMP9 41 ;3: Ad-FSHB 1 ;4: Ad-BMP9+Ad-FSHB 41
a:Ad-BMP9 415 Ad-GFP ZH4H I, P=0.000;b: Ad-BMP9+Ad-FSHP 415 Ad-BMP9 414 ., P=0.000
2 FSHP % BMP9 iS5 MEFs i ALP j&t:aI%08
Fig.2 Effect of FSHB on BMP9-initiated ALP activity in MEFs
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A. Western blot 45 /R4541 24 h
FRLI I SR R A R A

B. Runx2 (A 5E fE 45 5
a: 5 Ad-GFP 44 Lt , P=0.032;
b: 5 Ad-BMP9 41, P=0.026

C. DLX=5 A E 45 R
a: 5 Ad-GFP 4 AH Lt , P=0.001;
b: 5 Ad-BMP9 4 AH I, P=0.001

1:Ad-GFP 41;2:Ad-BMP9 41;3:Ad-FSH B 41;4:Ad-BMP9+Ad-FSHP 4

3 Western blot Z58:% FSHB Xt BMP9 %5 MEFs RHIR B# R EFRZHFI
Fig.3 Westem blot results show the effect of FSHB on BMP9-induced early osteogenic transcriptional factors in MEFs
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BEHRBKEERIFEISRITFE L, 2.4 FSHP 423t BMP9 # % MEFs #945 3 547
LA ERER, T 11 XIEBL4E mRNA, EALBAM M ERER , T8 3 RASHRSEFHEE
iZ i RT-PCR %% 41 OPN 1 OCN ) mRNA EikkF, 1 FEHF, % 21 fgﬁﬁﬁﬁﬁ%@ : i:iﬂ‘\;s;;i
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hi \ TR LA 5) . LESHUR  FSHB AL BMPO A5
mRNA 7E4-4 YA X IR & A : Ad-GFP 4 (1.000 + 0.000) |

r > b MEFs B8 1434k
Ad-BMP9 £ (1.305 + 0.084) . Ad—-FSHP 41 (1.080 + 0.116) . 2.5 FSHP #»(4)BMPO % MEFs /8 % A 9 L %
Ad-BMP9+Ad-FSHB £H (1.479+0.038) , H.4H 8] tb A Ge 2 AR T TR , FSHP BEZE BMPO 55 MEFs R b i

225% (F<25.565,P=0.000); OCN Ky mRNA FERSAVANRIE sy iy oM, WTAIMIRO 2 4 4 6 9 PEREIT 5 MBI A5
4 : Ad-GFP £ (1.000 + 0.000) . Ad-BMP9 £ (1.300 +0.045) &, IR 42 A RIET X MEFs A3 78 Rt A 0, QnRiTE B
Ad-FSHB 41 (1.027 +0.067) ,Ad-BMP9+Ad-FSHP £H (1.471 + R& 4 A FER EK , 7E FSHB Rl BMPO i%5 MEFs BB 41k
0.046) , HL 48] tb 34 Siit2¢ 2 7 (F=70.197,P=0.000) , 455% PRt hn AR [R] ) A AR REE R, T 48 h IR 4, RIS
§7% FSHB 15 BMPO HCAfi /il MEFs J& , L BMPo gty MMLBA MW ANLARM 347, 2 L K4 (Ad-CFP 41, Ad-
BT OCN(P=0.002) .OPN (P=0.026) f] mRNA 23X 7K ¥ (&l BMP9 &1 ,Ad-FSHp 2171 Ad-BMP9+Ad-FSHP 41) 41494

B4y 3R :G1 1 (44.122% 41.713% .41.1519%F142.438%) ,
A5 x%1 R4 N (P=0. OPN(P=
) T3 FPUR A B N G O 21 [6] Hb 8% F=0.226,P=0.876;G2 #(10.274% .13.519% .12.636%
0.225) ) mRNA KFEREGIHHFRE L,

T 11.481%) , 20 6] L 8¢ F=0.147,P=0.929;S i (45.604% .
; - : ; 5
WA LERB7S FSHB B2k BMPO B S MEFs #1144 7680, 452130050 46.0819%)  411F] H 5 F=0.027, P=0.994,

SRR R (Runx2 I DLX-S)IAFBRMIREAR (OCN  piy i ot 4650 00 2010 0 P 390 0 40 A A T .22 5 (I 6)
1 OPN) {935 7KF , %W FSHB X BMP9 i%S MEFs i # 4 Z5RIR , TRETEN N MEFs 40 A9 H5 050 F , FSHB th

L EA B R FER ., [Al3§l#% BMP9 i%S MEFs BB 431k
2.0- 2.0
b b
OPN — : B 154 ——— 1.54 w :
iy D D = WD i i iﬂ e
< =
S T 104 = 1.04
OCN E
(196 bp) L d ‘ ” ‘ gos § :
.5 o 0.5 4
CAPDH oy G D
(170 bp) ‘ 0.0 0.0
1 2 3 4 g s 4 1 FEg 4
A.RT-PCR & /RE4HS 11 X B. OPN Ry E 452 C. OCN KXt ERLE R
OPN.OCN # mRNA ik a: 5 Ad-GFP 41#iL:,P=0.001; a5 Ad-GFP 4#H., P=0.000;

b: 5 Ad-BMP9 44, P=0.016;  b.5 Ad-BMP9 4L, P=0.002
1:Ad-GFP 41 ;2. Ad-BMP9 4 ;3: Ad-FSHPB 41 ;4: Ad-BMP9+Ad-FSHB 4

B4 RT-PCR &38R FSHB 3t BMP9 i%5 MEFs i OCN.OPN B mRNA =3x8
Fig.4 RT-PCR results exhibit the effect of FSHB on BMP9-induced the expression of OCN and OPN in MEFs

A. Ad-GFP 4 B. Ad-BMP9 4§ C. Ad-FSHB 4 D. Ad-BMP9+Ad-FSHB 4

B5 ERAHERT FSHP 3t BMPO 55 MEFs $SkTAREIRMI(100 x )
Fig.5 Alizarin Red S staining results show the effect of FSHB on BMP9-induced matrix mineralization in MEFs(100 x )
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Fig.6 Effect of FSHP and/or BMP9 on cell cycle of MEFs
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OPN (R KIR K, LS ER DR, R B FSHB 5
BMP9 I A5 41 Eb 5 FH BMP9 4 B fE i 5 MEFs
BCE ROV, TR FSHB 41 45 % B4l 22 S e A e it
R, I HAR A MEFs B 40k A 20 Ad-
BMP9 H1 Ad-FSHR /&Gy B A WS T | iz F
A AR KI5 BMPO F1 (%) FSHB X MEFs [
230 ) 30 D05 A B S ) S R A5 S 6 2 44 i )
B AifE G1 G2 Fn S A2 RIF G247 X, 145
R Y Huang & 75 19 Pten (phosphatase and tensin
homolog deleted on chromosome ten ) 411 1fill 71 /3 [A] {i2
Pt BMP9 155 MEFs B 73 R 6) 20 it 496 4 1] 30
A B S 5 ) g 4 SR — 30 24 FSHB
BMPO Jt[alfE BT, HUR I T MEFs #9504k 7
TR 240 14 T B 08 AT R e

ARSI R AR T FSHB X BMP9 % S MEFs



BRER KSR 2017 £ 42 #5% 3 8 ( Journal of Chongging Medical University 2017.Vol.42 No.3 )

— 3338 —

BB LSRR R BER . B2, ZP5R 4R
M — BRSNS I0 BT A5 A % R B oA 40 e (0
W4 ) Fu g M B F R A EAE A, F B # MEFs
YEN BB S A5 525 PMOP BT R — &
Z 5, BT LS ROk P A B 40 M 5 i B A e e
7%, LI & PMOP ¥, IR S BE4) MSCs 45
HTADT

AT B, A0 MEFs 40 & 1 i 15 50
T ,FSHB 1R BMP9 #55% MEFs BB Mk, XBI5E
Ak RBEA BB RIGYT PMOP 2 4L 3B K HE
it — £ B BMP9 %S MSCs ‘B A4k o B2 0
H-FFay gEMLH

2 % x ®

[1] Figueroa—Casas PR. Current status of hormone therapy during the
menopausal transition and post—menopause[J]. Rev Fac Cien Med Univ
Nac Cordoba,2005,62(2S1) ;32-36.

[2] Arthur A,Zannettino A,Gronthos S. The therapeutic applications
of multipotential mesenchymal/stromal stem cells in skeletal tissue re—
pair{J]. J Cell Physiol,2009,218(2).237-245.

[3] Sukul M,Nguyen TB,Min YK, et al. Effect of local sustainable re—
lease of BMP2-VEGF from nano—cellulose loaded in sponge biphasic
calcium phosphate (BCP) on bone regeneration[J]. Tissue Eng Part A,

2015,21(11-12).1822-1836.

[4] Ali IH,Brazil DP. Bone morphogenetic proteins and their antago—
nists; current and emerging clinical uses[J]. Br J Pharmacol,2014,171

(15):3620-3632. ‘

[5] Luu HH,Song WX,Luo X,et al. Distinct roles of bone morpho—
genetic proteins in osteogenic differentiation of mesenchymal stem cells
[J}. J Orthop Res,2007,25(5):665-677.

[6] Zaidi M, Blair HC,Igbal J,et al. New insights: elevated follicle—
stimulating hormone and bone loss during the menopausal transition[J].
Curr Rheumatol Rep,2009,11(3):191-195.

[7]1 Colaianni G,Cuscito C,Colucci S. FSH and TSH in the regulation of
bone mass:the pituitary/immune/bone axis[J]. Clin Dev Immunol 2013,

2013:67-78.

[8] Garcia—Martin A, Reyes—Garcia R, Garcia~Castro JM, et al. Role

of serum FSH measurement on bone resorption in postmenopausal women

[J]. Endocrine,2012,41(2):302-308.

[9] Allan CM,Kalak R,Dunstan CR,et al. Follicle-stimulating hor—

mone increases bone mass in female mice[]]. Proc Natl Acad Sci USA,

2010,107(52) : 22629-22634.

[10] Kaiser UB,Conn PM,Chin WW. Studies of gonadotropin-releas—

ing hormone (GnRH) action using GnRH receptor—expressing pituitary

cell lines[J]. Endocr Rev,1997,18(1):46-70.

[11] Luo J,Deng ZL,Luo X,et al. A protocol for rapid generation of

recombinant adenoviruses using the AdEasy system[J]. Nat Protoc,2007,

2(5):1236-1247.

[12] Wang N,Wang X,Cheng W ,et al. Puerarin promotes osteogene—

sis and inhibits adipogenesis in vitro[J]. Chin Med,2013,8(1):17.

[13] Fakhry M,Hamade E,Badran B,et al. Molecular mechanisms of

mesenchymal stem cell differentiation towards osteoblasts[]]. World J

Stem Cells,2013,5(4):136-148.

[14]  Andreopoulou P, Bockman RS. Management of postmenopausal

osteoporosis[J]. Annu Rev Med,2015,66;329-334.

[15] Igbal J,Sun L,Kumar TR,et al. Follicle-stimulating hormone

stimulates TNF production from immune cells to enhance osteoblast and

osteoclast formation[J}. Proc Nat! Acad Sci USA,2006,103(40).:14925-

14930.

[16] Wang J,Zhang W,Yu C,et al. Follicle-stimulating hormone in—

creases the risk of postmenopausal osteoporosis by stimulating osteo—

clast differentiation[J]. PLoS One,2015,10(8) :e0134986.

[17] Tourkova IL,Witt MR,Li L,et al. Follicle stimulating hormone

receptor in mesenchymal stem cells integrate; effects of glycoprotein

reproductive hormones[J]. Ann N'Y Acad Sci,2015,1335.100-109.

[18] Gourlay ML, Specker BL,Li C,et al. Follicle-stimulating hormone

is independently associated with lean mass but not BMD in younger

postmenopausal women{J]. Bone,2012,50(1):311-316.

[19] Hosoya T,Otsuka F,Nakamura E, et al. Regulatory role of BMP-

9 in steroidogenesis by rat ovarian granulosa cells[J]. J Steroid Biochem

Mol Biol,2015,147.85-91.

[20] Wang Y,Ho CC,Bang E, et al. Bone morphogenetic protein 2

stimulates noncanonical SMAD2/3 signaling via the BMP type 1A re-

ceptor in gonadotrope-like cells:implications for FSH synthesis[J]. En-

docrinology,2014,155(5) : 1970-1981.

[21] Huang J,Yuan SX,Wang DX, et al. The role of COX-2 in medi-

ating the effect of PTEN on BMP9 induced osteogenic differentiation in

mouse embryonic fibroblasts[J]. Biomaterials,2014,35(36) ; 9649-9659.
(FERE . ANEL)



