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TGFB receptor) e F+VE 40| BMPs BC /4Dl g (145 510,
A T A A A 2 56 M B0 40 S 56 0 O e AT RE
BMP9 5 5 B ARG TGFR I BU52 4. BEJG, 7
F RNA T#L(RNA interference, RNAi)HI il #H N 52
ik, HE— BN RS BT BMPY i 3 B AH
% TGFB T B4 52 44 %) T BMPY 5 5 1 3t 1 19 5%
Wi, SRR BMP9 5 3 i 0 2k AL R
AT I LA A R A

1 HMRFITTE

1.1 ##

PN ZMHR 15 ki p12SBE-Luc. TGFR II 452
PR 995 55 (siBMPR 1T AT siActR 11 ) B 22 0 &F K
PP A CMAT I ) | 2 R BMPY IR i . K
% GFP #l RFP. WAL PSS TGFR 1T B %2
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B 60%, ANHLINGEE S, SE N NG HE T W A
PESEAR Y TGFR I R 324K I B8, 24 h 5, FHIIA
& & BMP9 JIE Wi g, {5 BMP9 B4 5 5 0 h.
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Table 1 The sequence of primers for real time PCR

Gene Forward primer Reversed primer

TGFBRII CTCAACCACCAGGGCATC CGGATGCTCCAGCTCACT
BMPRII AGCGTCACAAGCCTGTCC TTTGTGGCGTGCAAATGT
ActRIl GGCTCCAGAGGTGTTGGA CCATCTGCAGCAGTGCAA
ActR [ B GGGACCATGATGCAGAGG GGTGACGGAGGTCACCAG
Smad6 ATCACCTCCTGCCCCTGT CTGGGGTGGTGTCTCTGG
Smad7 AAGATCGGCTGTGGCATC CCAACAGCGTCCTGGAGT
GAPDH GGCTGCCCAGAACATCAT CGGACACATTGGGGGTAG
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0.25% & A M YE 4L 2 min, 8 ml & 10% I 75 1Y

3 1.4}
>
212t
c
2 1.0}
£ 0.8t
o
5 0.6}

[}
.z 0.4}
&
o 0.2}
=24

0

TGFRRII BMPRII ActRIl ActRIIB

C3H10

€
ey
=

MEFs

sion level
S =~ N
W (=) W (=) W

Relative expres

- ]

TGFBRIl BMPRII ActRIl  ActRIIB

DMEM HVRL, W AT 1k B4 LB, 500 g 75
L 2min, 7% B, H 50 wl & 100U/ml # 8 %
F1 100 mg/L %575 % 1) PBS H B4 Mupiie. 4K
BALB/c # iUFH 1 ml 35 #5850 50 wl 40 f il T
TS, B AEERR L  T ReR AERR N, Al ffE
Fivs FJE, Wb seRR L, BRI /NI
A%, FAER AR e S, S, A
Yl R, AL % 4 (0 (H&E. Trichrome A1 Alcain
blue G4 {0) WL G2 A T P 40 I IR Jei 7 A A O, itg
IRAF

1.2.6 S, HdlEH x + s £ox, AR LEBCR
PR 27 2 00, AL ELECR ¢ K05, Seit
LRI ] SASS.2 F A AL FE.

2 ZERESH

2.1 $BLMRB PRETE TGFB I B ZfhFRik KT

Real time PCR £ illl 7 C3H10. BMSC. MEFs
HIC2C12 4 FEEAN b AU TE TGRB I 2432 A4 %
DL, fEIX 4 B, A UEYE TGFR I A2
RIS R AR, (HE M 754 7
434 45 TGFRR I~ BMPR [ Al ActR [T ¥ 3&
ik, AL ActR TB(E 1).

=]
~
T

C2C12

= || []

TGFBRII BMPRII ActRIl ActRIIB

o
w

(=]
—_

Relative expression level
[=)
[\S]

5030}
5

=025}
S
20.20f
g
0.5
20.10

2| ﬂrﬁ

=0.05
TGFBRII BMPRII ActRIl  ActRIIB

BMSC

Fig. 1 Endogenous expression level of type I TGF@ receptors in target cell lines
C3H10, C2C12, MEFs and BMSC were seeded to T-25 flask the day before test. Total RNA was isolated after 24 h and real time PCR assay was applied

to analyze the expression of four type I TGFB receptors using cotresponding primers, respectively. Data are shown as the (x + s ) of triplicates

experiments.
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S, EBHIEAThREMER .
M A0 P SR R TGFR I 2 52 s i 5 75 Jk 4
C3H10 éﬁiﬂ@ 24h )5, RICRMBEMEE, KIWTA

(a) ||— dnTGFBR [[—

130 30 378 i TGFBRI
F—dnBMPR [[——
I 150 P 867 iBMPR Il ©
— dnAcR [l ——
| 135 W 357 ActRTI
—dnActR [ B—
| 137 354 ActR T B

4 Fh S AR SR AR R TGER 1T B 52 44 I 75 44 g
e C3H10 4 fudFAeHerh 0k, 4 Moy o] LOWL 523
LG = A s IR BRI Y C3H10 41 /e 48 h
i, PEHUANML RNA, ¥i#5%45 % ¢cDNA, PCR §”
» BUERIIE RS2 AR 5 R e S I, RS
%ﬁiﬂ% JI59% 7% | SV40 polyA (K4 k514, LAHE
BRNUEVEZ AR, 4R SoR, P 4 MR
PESE R TGFR I 8452 PR I #35  E C3H10 411l
W ZRIA T HAT 500~ 700 bp 4714 F BL(K 2b, 2¢).

AddnTGFBR Il Ad-dnBMPRIl Ad-dnActR Il Ad-dnActRIIB ~ Ad-RFP

dnTGFBR | dnBMPR | dnAch ]I dnAch ]I B

Fig. 2 Construction and validation of dn-type I TGF@ receptors

(a) Schematic features of the dn-type II TGF receptors. Intracellular domain of type I receptors (indicated by dashed line) was deleted to generate

each dn- type [I TGFR receptors. (b) Efficient infection of dn-type I TGF@ receptor virus to C3H10 was validated by fluorescence microscope (x100).

(c) Efficient expression of dn-type I TGFB receptor virus in C3H10 was confirmed by RT-PCR using receptor-specific primers, Resultant products

ranged from 500~ 700 bp. +: PCR products from +RT reactions of the original cDNA synthesis; —: PCR products from —RT reactions of the original

cDNA synthesis; M: 1-kb Plus ladder from Invitrogen.
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@ﬁa@ AT TGFB 11 24 52 A4 10 B I8 G 2 AH 7] 1)
TEOL T, dnActR I B #03I7E FH 2 fam i (B 3). [l
I, dnBMPR Il . dnActR [l #1 dnActR Il B fg 175l
BMP9 1755 1 40 i - 3 i 434k
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(C3H10 7E55 20 K, MEFs 7655 14 K), B %
S et R XA RFP AL, dnBMPR I .
dnActR 1T A1 dnActR [I B 2H 41 A 45 5 O AR iH S b
(@1 4). 42715 dnBMPR Il . dnActR Il 1 dnActR II B
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Fig. 3 Effect of dn-type Il receptors on BMP9 induced ALP activity
C3H10, C2C12, MEFs and BMSC cell lines were infected with virus expressing dn-type Il TGF@ receptors and BMP9. At 7 and 9 days (for C2C12,
MEFs and BMSC, at 5 and 7 days) after infection, cells were collected and subjected to ALP staining and quantitative assay. (a) dnBMPR Il . dnActR Il
and dnActR Il B inhibited BMP9-induced ALP activity of C3H10 determined by ALP quantitative assay. []: Day 7, [ : Day 9. (b) dnBMPR II ,
dnActR [I and dnActR [I B inhibited BMP9 induced ALP activity of C3H10 determined by ALP staining assay. (¢) dnBMPR I, dnActR ]I and dnActR [ B
inhibited BMP9 induced ALP activity of C2C12, MEFs and BMSC. [1:dnTGFBRI; [O0:dnBMPR]I; M: dnActR]I[; @A: dnActR [ B; : RFP.
Data are the (x + s) of triplicates experiments (*P <0.01 ys RFP). x 100.
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Fig. 4 Effect of dnBMPRII, dnActRIl, dnActR II B on BMP9 induced calcification in C3H10 and MEFs cell lines
C3H10 and MEFs were infected with virus expressing dn-type I TGF receptors and BMP9. At 20 days (C3H10) and 14 days (MEFs) after infection,
cells were fixed and subjected to Alizarin Red S staining. Representative images are shown. (a) dnBMPR [[ . dnActR ]I and dnActR [I inhibited
BMP9 induced calcium deposition of C3H10 at day 20. (b) dnBMPR Il . dnActR [[ and dnActR I inhibited BMP9 induced calcium deposition of
MEFs at day 14. x 100.
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Fig. 5 Effect of dn-type Il receptors on BMP9 induced activation of TGFB/Smad pathway
12 h, 24 h, 36 h and 48 h after infection by virus expressing dn-type I TGF@ receptors and BMP9, total RNA of C3H10 and MEFs was extracted and

subjected to real time PCR analysis using primers corresponding to the target genes respectively; all samples were normalized by GAPDH. (a) dnBMPR II ,
dnActR ]I and dnActR Il B inhibited expression of Smad6 and Smad7 induced by BMP9. [1: dnBMPRII; [: dnActR1Il; H: dnActRII B; @: RFP.
(b) dnBMPR II, dnActR Il and dnActR II B inhibited luciferase activity controlled by SBE element promoted by BMP9. [ : 8 h; [: 24 h. Data are

the (x + s) of triplicates experiments (*P < 0. 01 ps RFP).

2.6 dnBMPRI . dnActR Il #1 dnActR II B #f
BMPY SRR E TR E

JyUESZ dnBMPR 1T« dnActR I AT dnActR [ B
TEAA P 215 7] LA BMPY i3 S (1) 5207 B 6 i
43 5% dnBMPR 1T« dnActR I . dnActR II B I
B BMP9 iR s gL C3H10 4, FHHEfh 4t
B, 5 EEEE Fabiigg, KIL dnBMPR I .
dnActR [T F1 dnActR II B 21 B2 BB/ INE 6).

R A& m e, vy f, 384T H&E.
Alcian blue 1 Trichome 44, 5% HZH RFP fHLL,
H&E %46 575 dnBMPR I « dnActR 1T F1 dnActR 11 B

ZH 1) 1% #ACE 2 5 (bone matrix, BM)ZE il & 92D,
11 HLE%Fr 41 i (osteoblast,  OB)[1) & ik /b (K 6).
Alcian blue % {4 i 7% dnBMPR [l . dnActR I
dnActR I B 43R 2 I8 1o (B 0 0 (1)
Trichome ¢ (% & 7~ dnBMPR I . dnActR II #/I
dnActR 11 B 41434 2 1 288 (R AS e 2 P 2 2 5
geohskt, K e6).

R, B R b2 Je AR : dnBMPR I
dnActR I F1 dnActR 1T B $15] BMP9 75 5 18] 5 o7 &
o AR E R R R Y
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Fig. 6 Effect of dn-typell receptors on BMP9 induced ectopic bone formation

C3H10 cells were infected with virus expressing dn-type [ TGF@ receptors and BMP9. The infected cells were collected and subjected to subcutaneous

injection into athymic mice. 5 weeks after implantation, animals were sacrificed and bony masses were retrieved. The retrieved samples were then

decalcified and determined by H&E staining, Trichrome staining and Alcian blue staining. Representative images are shown of each group. For the

Trichrome stain, decalcified bone matrix stained dark red, whereas osteoid stained blue. For the Alcian blue stain, cartilage stained blue. BM: Bone

matrix; OB: Osteoblast; OC: Osteoid or cartilage-like matrix. x 100.
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Fig. 7 Gene silence of BMPRII and ActR Il inhibits BMP9 induced ALP and SBE-controlled luciferase activity
(a) Inhibition of BMPR Il and ActR Il expression after infected by siRNA-expressing virus (siBMPR I , siActR Il ) in C3H10 cells. (b) siBMPR Il
and siActR ]I inhibit BMP9 induced luciferase activity controlled by SBE in C3H10. (c) siBMPR [I and siActR ]I inhibit BMP9 induced ALP activity
in C3H10 determined by ALP quantitative and staining assay. Data are the (x + s) of triplicates experiments (*P < 0.01 ys RFP or NC). x 100.
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Identification and Analysis of Type I TGF3 Receptors
in BMP9 Induced Osteogenesis

ZHAO Ying-Ze, ZHANG Yan, LUO Jin-Yong™
(Key Laboratory of Laboratory Medical Diagnostics, Ministry of Education, Chonggqing Medical University, Chongqing 400016, China)

Abstract In the previous reports, BMP9 has shown potent function to induce osteogenesis, but the underlying
molecular mechanism of osteogenesis induced by BMP9 is needed to be deeply explored. Dominant negative type Il
TGFB receptors and BMP9 were constructed by following recombinant adenoviruses protocol and co-introduced
into target cells. Then the type II TGF receptors required for BMP9-induced osteogenesis was identified and
analyzed through in vitro and in vivo assays. It was found that three dominant negative type I TGFp receptors,
which are dnBMPR I , dnActR [I and dnActR [ B, can not only reduce alkaline phosphatase (ALP) activity
induced by BMP9 and calcium deposition, but also repress the activation of Smad signal pathway. Moreover,
dnBMPR I, dnActR [T and dnActR II B also showed to inhibit ectopic bone formation induced by BMP9 in vivo.
However, target cells expressed BMPR [ and ActR [T, but not ActR II B. Then, when BMPR II and ActR I were
silenced by RNA interference in target cells, luciferase reporter activity and ALP activity induced by BMP9 was
accordingly inhibited along with knockdown of BMPR Il and ActR II . Taken together, those results intensively
suggest that BMPR I and ActR Il are the functional type I TGFB receptors required for BMP9 induced
osteogenesis.

Key words bone morphogenetic proteins 9, transform growth factor (TGF), signal transduction, differentiation,
RNA interference
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