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Target gene screening of TGF-b signaling and functional analysis for
differentiation-inducing therapy of chondrosarcoma

Yokouchi, Masahiro

3,800,000

TGF-b SMAD2/3
TGF-b TGF-b PE
G10 TGF-b

It is one of the major dilemma for orthopaedic oncologists that, because
histology of low grade chondrosarcoma and its benign counterpart enchondroma resembles, there are
difficulties in distinguishing these two tumors. Our aim of this study was to discover molecular markers
specific for each type of tumor. Moreover, we intended to understand underlying mechanism in lowered
differentiation status of chondrosarcoma, to develop differentiation-initiating therapy. We focused on
TGF-b signaling, because it is a crucial pathway in chondrocyte differentiation. By immunohistochemistry
for phosphorylated SMAD2/3, the TGF-b signaling intracellular mediators, we found malignant
grading-dependent increase of TGF-b signaling. We searched for genes which expression was altered by
TGF-b in chondrosarcoma to find PEG10 to be down-regulated by the pathway. The combined expression
analysis of p-SMAD2/3 and PEG10 may help distinguishing and diagnosing these chondrogenic tumors.

TGF-b



grade
grade
low grade
SOX9 COL2A1
COL10A1
TGF-f
TGF-p BMP
(1) TGF-p
BMP status
BMP
SOX9 SOX9 I
(COL2A1)
TGF-p
BMP
TGF-p
BMP
TGF-p/BMP
SMAD ( )
in vitro
SMAD
(2) TGF-p
TGF-p

TGF-B

TGF-B

3) TGF-B

SOX9
BMP
BMP
BMP
SMADI/5/8 SMADA4 BMP
TGF-B

SOX9
SOX9
TGF-B
BMP

(TWIST1 )

BMP
ID

BMP

(1) TGF-p
Grade

TGF-B

grade 1 2 3

grade 3 n>5
TGF-B
SMAD2/3 TGF-B
TGF-B
BMP SMAD1/5/8

SOX9
I

in vitro
cell-autonomous  TGF-B
(MSC)
culture(+TGF-B+dexamethasone+insulin)
C28/12

pellet

ITS
[Hs819.T( Grade
), SW1353(Grade 2 ), OUMS27(Grade
3 )] ITS (monolayer micromass
culture)



SOX9, COL2A1, COLI11A2,

COL10A1 TGF-B
(PAI-1, SMAD7)
BMP (ID1, ID2,
SMAD6) mRNA RT-PCR
SMAD2/3
SMAD1/5/8
TGF-B
(9xCAGA) BMP
(BRE)
(2) TGF-B
BMP/SOX9
TGF-B
SB431542
(MTT assay)
(wound healing assay)
BMP [Dan,

Chordin, Gremlin, Cerberus, Noggin, Smado,
Smad7, Smurfl, Smurf2, Ski, SnoN(SKIL) ]

invitro  TGF-B
SB431542
grade
TGF-B
SW1353  Hs819.T TGF-B1
grade 1,2,3
SMAD2/3
grade 1
grade
TGF-B
PEG10 PEG10
C28/12 SW1353
Hs819.T BMP-6
TGF-B1 PEG10
PEG10 siRNA
BMP-6
MMP-1,-3,-13
siPEG10
BMP-6 MMP-1,-3
p38 MAPK PEG10
siRNA  BMP p38
PEGI10

p38 MAPK

BMP PEGI10
MMPs
PEG10 p38 MMPs
BMP
High grade
TGF-B PEGI10
PEG10 TGFpB status
PEG10
PEG10
2
1. BMP signaling upregulates  neutral
sphingomyelinase 2 to suppress
chondrocyte maturation via the Akt
signaling pathway as a negative feedback
mechanism.
Kakoi H, Maeda S, Shinohara N,

Matsuyama K, Imamura K, Kawamura I,
Nagano S, Setoguchi T, Yokouchi M,
Ishidou Y, Komiya S.

J Biol Chem 289: 8135-8150, 2014

2. Human Immunodeficiency Virus Type I
Enhancer Binding Protein 3 is Essential for
the Expression of Asparagine-linked
Glycosylation 2 in the Regulation of
Osteoblast and Chondrocyte Differentiation.
Imamura K, Maeda S, Kawamura I,
Matsuyama K, Shinohara N, Yahiro Y,
Nagano S, Setoguchi T, Yokouchi M,
Ishidou Y, Komiya S.

J Biol Chem 289: 9865-9879, 2014
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Meeting 2015 Las Vegas, U.S.A. March
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Bone Morphogenetic Protein (BMP)
Signaling Induces the Imprinted Paternally
Expressed Gene 10 (PEG10) to Regulate
Expression of Matrix Metalloproteinase
(MMP)-1 and -13 in Chondrosarcoma Cells
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Myc Target 1 (MYCT1) Gene is a Novel
Target of TGF- Signaling to Promote
Differentiation of Chondrosarcoma Cells
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BMP-induced PEG10 is highly expressed in
chondrosarcoma cells to suppress BMP
signaling-mediated expression of matrix
metalloproteinase (MMP)-1/13 and cell
invasion.
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BMP-induced PEG10 regulates level of
metalloproteinases and invasion of
chondrosarcoma cells
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An imprinting gene, paternally expressed
gene 10, is overexpressed in

chondrosarcoma cells to regulate TGF-f
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