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Thrombospondins (TSP-1, TSP-2) are secretory extra-
cellular glycoproteins that are involved in a variety of
physiological processes such as tumor cell adhesion,
invasion, and metastasis. The present study was undertaken
to elucidate the involvement of thrombospondins in the
adhesion of osteoblast-like cells using the TSP-1 or TSP-2
antisense MG63 and MC3T3-E1 cell lines. For down-
regulation of TSPs expression, we prepared antisense
constructs for TSP-1 and TSP-2 using the pREP4 an
episomal mammalian expression vector, which be able to
produce the specific antisense oligonucleotides around
chromosome. MG63 and MC3T3-E1l osteoblast-like cells
were transfected with the antisense constructs and non-
liposomal Fugene 6, and then selected under hygromycin B
(50 pg/ml) treatment for 2 weeks. Western blot analysis
revealed that expression of the TSP proteins was down-
regulated in the antisense cell lines. The cell adhesion assay
showed that adhesive properties of TSP-1 and TSP-2
antisense MG63 cells on the polystyrene culture plate were
reduced to 17% and 21% of the control cells, respectively,
and those of the TSP-1 and TSP-2 antisense MC3T3-E1
cells also decreased to 19% and 27% of control, respectively.
Adhesion of TSP-1 and TSP-2 antisense MC3T3-E1 cells on
Type I collagen-coated culture plate decreased to 27% and
76%, respectively. These results indicate that TSP-1 and
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TSP-2 proteins may have an important role in adhesion of
osteoblast-like cells to extracellular matrix.
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HagloA] Ag Hel® EEN AZ (thrombospondins,
TSPsy> EEHlo] 23] Aslsl dubfdax A1734)
o] 3, FAAAY A, AA Aok AAY, hAlE
of FA wl AHolef b Fof| eie] dA Unt
(Streit ‘5, 1999; De Fraipont -5, 2001; Hawighorst -5,
2001; Sargiannidou 5, 2001; Agah &, 2002). &7}
2 5] ele] MaE|e] glow|, I F °F 145 kDa
o] EAEe 2= AsAIel TSP-13F TSP-2+= o=
AF N-eke] heparind§F -9} &F 71| procollagen A+
59, Al 719l properdin-like type 1 repeats, Al 7]<]
epidermal growth factor (EGF)-like type 2 repeats, 7
N8| calcium A3} Cwle] 4 =dglog
A=lo] . Calcium ZA3H-$loll= <€l 22 (integrin)}t
ZAgs= RGD motifs 7Fx|aL 9le}, wbd, TSP-3, 4, 5
£ TSP-1, 29 22l 100 kDao] ¥l z2He ofAl
Ao THAR o]FolA i, 4He] type 2 repeatsE
7HA a3 9let, procollagen ARs-$19} type 1 repeats
7FA 3 QA edrh(Bornstein 5, 2000; Chen %,
2000).
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Az, HurAz, HdZofls WA=, ezl
(integrin; avp3, allbp3)?} Z§shH= RGD =H8ls &
3 AZZE e A2 7| zke] Fatol] Ftofshe], oyt
o= heparan sulfate, 91E]22]1 Z3thl(IAP), CD36,
Adx 2" chll 584 5 5l Alxet Alx, Alx
oF 7|Aze] Aol AT A Yk (Chan-
drasekaran 5, 2000; Feitsma &, 2000; Lawler %,
2000; De Fraipont &, 2001; Li 5, 2002; Saumet &,
2002; Shahein &, 2002).

TSP-13} TSP-2& wjel3t FEA|ZolAM e 1 whgo] I
Zz]wd(Robey 5, 1989; Carron &, 1999), ZEA|ZZ
o] 23} 24 FollA] TSP-1 mRNAL| W&lo] Z7}3hc)
(Sherbina and Bornstein, 1992). TSP-2& A%, A+,
Z|o}, Z)e} o] A7} FH-g 2AlellA] W st
o, =4 2, Esket A, 5 &4 A Sl
Fojglo] A=A Qrh(Reed 5, 1993; 1995; Kyria-
kides 5, 1999). TSP-2 A7} ZHojdl AFHNH ==
2, 53] A"z Aol TrIEglen, A3 AFRAEZ
9] fibronectin?} 72 A|Z]7|Ho] gt 2k 2g-2 &
A8 zZhaslick(Kyriakides 5, 1998; Bein and Simons,
2000; Yang -5, 2000).

YA Azt AT a2 TrAxe 34
He P Azt AHollA Fog oulE Ad
T AlZol Qlela@ (o, B) FHE Foishd Alxe] F-
2 Zhaol A 8% Az A3st AAEA, a,

H
i
_t:{o olr‘

|

(Schneider 5, 2001). MC3T3-El1 % X5-f2 E7)4%
ol ascorbic acid, glycerophosphate®] Foi= AlZ2]7]A
o] oks THIA AlE S AR 2 dEA
2Ach(Quarles 5, 1992; Aikawa &, 2006). L&} =%
Alxze] 71" Fabol oigk TSPse| Aol disiv= =
e oA ot

2 odgollA TSP-1, TSP-2 W& A= ZmAx9} Al
Zo7Pdate] FAE Alske AE 25k e, TSPs
o] FrAZS Fa l Filox Fegk qlxE 2L

7FeAE AlAbesiet.

Al
=

o

E W Y

Construct

TSPs W& AA|sl7] I3+ antisense construct= Tk
=3 2 e AFsiodet. w1, ARl TSP-1,
TSP-2 cDNAE <d7] $lsto] Abgke] E/F AlxF<l
MG63 A|ZZF€E TRI reagent(Molecular Research
Center, Ohio, USA)E ©|-$3}o] total RNAS FZ3}%
t}. 200 ng RNAE 100 pmol random primer, 100
unit MMLV @A} &4(Gibco-BRL, NY, USA)S} 3

7 42°CollA 60+ 5¢k MESAIA total cDNAE e
XohI#} Kpnl QlA-F917} A2 TSP-1 2 TSP-2
primers (TSP-1-S, Xohl-5’-CCGCTCGAGATGGGGCT
GGCCTGGGGACTA-3'; TSP-1-AS, Kpnl-5" -GGGGT
ACCTTCTTCCACAGACACCA-3"; TSP-2-S, XohI-CC
GCTCGAGATGGTCTGGAGGCTGGTCCTGCT-5';
TSP-2-AS, Kpnl-5'-GGGGTACCTTTGGCCACGTACAT
CCGGCTCTT-3', Bioneer, Co, Korea)2} ll4] 2 10
ple] gHrtEA HRSARE, 1 unit Tag DNA F3E4
(Gibco-BRL, NY, USAYS 94°Coll#] 582 %7] WA}
Ae AR T 94°C, 14-2] WA (denature) 32} 72°C,
2:+2] <1 (elongation) My, 22|32 60°C, 1--(TSP-1)
2 58°C, 14-(TSP-2)2] <13h(annealing) 4= 303] 4k
E3le] Xhol#} Kpnle] <173 TSP-13} TSP-2 ¢DNA
i it

TSP-1 % TSP-2 cDNASH ArdAlx] wad gl
pREP4 W E|(Invitrogen, CA, USA)E Xhol (Takara,
Japan)?} Kpnl (Takara, Japan) £42 ZF7t vESA|7l &,
o]5 Z+7+ AAsle] T4 ligase (Takara, Japan)Z |33}
ko @ antisense nucleotides AAsH=S Sl plasmid
vectors- A5t A=3H 7H2ke] plasmide Xhol#
Kpnle& Aok, A7|%d5= Aldste] 7t7te] 2=}
H-3](TSP-1, 478 bp; TSP-2, 583 bpy> =lslalx,
DNA <3714 954 7](PE/ABI DNA sequencer, Model
377, USA)Z 71495 A=klskst

AL wjerd FH A3

Al E5FollA il MG63 A2}t AF ] F
Foll4] falgk MC3T3-El AIZE 10% FBS2} gentamycin
(50 ug/ml, Gibco-BRL, NY, USA)S 3k Dulbecco's
Modified FEagle Medium (DMEM)ollA] ) oks}Sict.
Antisense #E]9] =% FuGene 6 (Roche, Germany)
5 ol&slol o, Azl A] AT ol F3le] A
Pk, =, 7+ plasmid DNA 2 pug, FuGene 3 pl,
serum-free DMEM 97 pl®] vl&& 77} 4lof 2087 A
ZollA] HEEAIZL &, Al wiokellol] AHrlsiodet. ZF Al
< hygromycin B (50 pg/ml, Gibco-BRL, NY, USA)
ZA sfella] A" wfekstel Z47be] antisense AlEE

o3|
IS

Western blot 4]

vjoksl A|ZE nonidet P-40 buffer (150 mM NaCl,
benzamidine 1 mM, 50 mM Tris, trypsin inhibior 1 pg/
ml, 5mM EDTA, pH 8.0, PMSF 1 mM, NP-40 1%)
oAl &alA7I, 14,000 rpmeE 1587+ A2 5lo]
Az ghills FZ5R9ict. 7 =hile] ok BCA (Pierce,
USA) Aoz ZAskolot. 30 pgel AAl AL
10% polyacrylamide geloll #7]3-53ke] ®2|3l th,
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nitrocellulose™}ol] Ho]A|Zth. o]o] whillAo] Holx] =t
< blocking buffer (5% nonfat dry milk, 1% BSA,
0.02% sodium azide in tris-buffered saline)2 247} &
oF WAl v, oFEEA TSP-1(1: 1,000 TSP-2
(1:1,000)3 (Santa Cruz, CA, USA)E Aol 24]
7} 9R-A1Zi . Horseradish peroxidase?} 73 o] x}ak
AE ALl 147F ukA7]aL, 3FshiEA] (Amersham
Life Science, Arlington Heights, IL, USA)YS HF$-A|#
TSP-1, TSP-2 b &5 3]lsiodrt.

AL 3 F5 54

Z47ke] AEE 0.05% trypsin/EDTA (Gibco-BRL, NY,
USA)E +8]3led 3,000 rpmeZ A-2oflA 587F YAl
28k, 100 uig 40,00072] Al£7} H=E AH-o}
of ZE]x€elal 96 well plate (Costar, NY, USA)I +
Tk 4 A7 Fof] FAER] 2 AlZE F4 AlAG
a2, vl FzkElo] 9l= AZE CellTiter 96 AQueous
proliferation assay kit (Promega, USA)2} +347](Bio-
Tek instrument, USA)E o]-§3lo] Fztdl Alxe] oks
Blarskgict.

A Zo)7|A ko] F2H52 96 well plateol] #118 =
Al(Sigma, USAyE "3t o3} 22 whiez 274
sk, =, FElE AlzAe] ARl wet 7E well &
50 pgo] EolrtEE EFska, FefAlo]l well o] =
ZARYE=E 2447 Fol Abol] WA|glt. of o] g
= AAG F Fele] =X FA e P e A
71 93l 1.5% bovine serum albumin®& 37°Coll4 2
A 7F 9FeA) 71T, 7 wellol] 40,000702] AlZE HFala
W7 & FAER] ok AlEE F AlAGE S=AF |
u]74 (inverted phase microscope, Olympus IM, Japan) ¥+
Z SloflA e wWA-E zhe ol FlellA] vk wAHT
T Al Z] g5 Ale] FepAl 71l tigk 7 Al Z2e]
2 A=E wlasksict.

A. MG63
1 2 3 4

209 — 4
120 — q = B

- ol 24
Blot: TSP-1 Ab Blot: TSP2 Ab

Blot: -actin Ab Blot: B-actin Ab

A

7A7kel AgAN= i FFeAE e,
unpaired Student's t-tests A|33te] 0.01%S] Al=]77F
oA oA AAE AAsAE

>
oot

21
Antisense "] E] & o] &3} TSP-1 9 TSP-2 43 |
TSP-1, TSP-2 antisense &7} Zvl2A] A==
= lskaat 7t7te] #EE Kpn [ Xho 1 45 A
3 T 1% agarose gel AlollA] A7|d5-5 A3}

Al

~— pREP4

~— TSP-1
~— TSP-2

Fig. 1. Identification of antisense pREP4-TSP-1 and pREP4-TSP-2
constructs. Each construct was reacted with Xho I and Kpn I
enzyme, and electrophoresis was done. Lane 1 and 2 are molecular
size markers, high-range Hind III and low-range pWon 600,
respectively. Lane 3 and 4 showed Xho I and Kpn I-restricted plas-
mid DNAs corresponding TSP-1 and TSP-2, separately, with 10.1
kb size of pREP4 vector.

B. MC3T3-E1
1 2 3 4

| — -y M' -
209—' s iy -

- » -~ -
- M

Blot: TSP-1 Ab Blot: TSP2 Ab

Blot: p-actin Ab

Blot: B-actin Ab

Fig. 2. Inhibition of TSP-1 or TSP-2 expression in MG63 (A) and MC3T3-E1 (B) cells by using antisense constructs. Antisense construct for
TSP-1 or TSP-2 was transfected into each cell with non-liposomal Fugene 6. pREP4 control vector used as a control. Transfected cells were
selected under hygromycin (50 pg/ml) treatment, and level of TSP-1 or TSP-2 expression was determined by western blot analysis. Lane (1)
and (3), pREP4 vector; lane (2), TSP-1 antisense; lane (4), TSP-2 antisense.
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pREP4 #¥ Z7]o sidgsl= °F 10 kb DNA +3+%
PCRE ZZ3} TSP-13} TSP-2 Z7]¢f| &iwsl= DNA
3] (TSP-1, 478 bp; TSP-2, 583 bpy =Hlslict(Fig.
1). Agst sls Sl 2 e A7 EE A
o, a2 Az} ARIGE 71 de] AANAIRSE 25
= TSP-1 % TSP-2¢] 37|43} A5t} (data not
shown). 917k} A3 Alele] TSP-1, TSP-2 ¢cDNAE 7t
7F 95%, 90%°] frAH3E Motk TSPs -+4x-E 3
3k 7+7+2] antisense W El+= Fugene 69} 374 MG63 %
MC3T3-El1 Z=A20] AH7}=19laL, hygromycin (50 pg/
ml)° 2 P3N AZE A= wioksle] Z17te] antisense
AZ5 dodeh. wioket 7o) Az 24 shils 353}
o] Western blot +4-2 A|3)3F 73}, antisense ™ E]E
o3k MG63 = MC3T3-El Al%ol4] TSP-13} TSP-2
o] Ak Alzxcet AAHS gelsilth(Fig. 2).

A. MG63

*%k

Adhesion (%)

*%

Control pREP4 TSP1-AS TSP2-AS

Adhesion (%)
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TSP-1, TSP-2 '}3 A Az Ry
=PA Az Aol glojx] TSP-13k TSP-29] 43

< ol r] 9sked TSP-1, TSP-2 W& A Aze} A
A Alze] Fabse s wlasigict, EelEEl Az ulok
Tholl 40,000712] AEZE 23 F 4 A7F Fol| upeto]
FaE Azo) oS wlmslgirh. TSP-1, TSP-2 o]
AAE MG63 AE2] F-2e A EZe| v|s] 83%, 79%
7} Zhshdom (Fig. 3A), MC3T3-El A|Zoxw 2=}

81%, 73%°] -2t Zkart W=t (Fig. 3B).

w5 Ak A2V FollM 7w vl A
Aske AL AN1E FepAlolth. Az Fepll 714
of g FazbHollA TSPse| 285 Yof izl A1
Fehll AE Al wfekstel ZESRAL o] 7ol ot
Z7ke] Al Fabs pAsledeh. TSP-1, TSP-2 o]
AAIE MC3T3-El1 Al2e] F-zte] Ak Alxel =lsf 7}
7+ 73%, 34%7} 7r45kAck(Fig. 4).

B.MC3T3-E1

120

g

*%

&

*%

m
=3

Control pREP4 TSP1-AS TSP2-AS

Fig. 3. TSP-dependant adhesion of MG63 and MC3T3-E1 on polystyrene culture plate. Forty thousand of trypsin-treated cells were sepa-
rately seeded in serum-free DMEM medium on polystyrene culture plate, and 4 hours later non-attached cells were aspirated. Then CellTiter
96 AQueous proliferation assay solution was added, and absorbance was measured by spectrophotometer at 490 nm wave-length. Adhesive
properties of the cells in TSP-1 and TSP-2 antisense-transfected groups decreased compare to vector control group (¥**p<0.001, n=5).

A

Adhesion (%)

Control pREP4 TSP1-AS TSP2-AS

Fig. 4. TSP-dependant adhesion of MC3T3-E1 on Type I collagen-coated plate. Ninety six well was coated with 50 pg of Type I collagen at
room temperature, and then cells were seeded as in Fig. 3. (A) Representative photomicrographs of attached cells, (a) control, (b) pREP4
group, (¢) TSP-1 antisense group, and (d) TSP-2 antisense group (x 100). (B) Relative adhesion of each cell. The values were calculated from
numbers of attached cells, which are counted in 4 consecutive areas of each group. The data are expressed mean + SE. Adhesion of TSP-1
antisense group was significantly reduced compare to vetor only group (**p<0.01, n=4).
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TRAZ} Azefr|das A Aok FARRE F
A FAE AN, o] &4 2] A
A} FEAE o]Ae] AF ool T 831k (Anselme,
2000; Bornstein 5, 2000; A 5, 2006). & FolA=
A 2ol AfFEAE 5o Fao] Fegt 9 e
Aoz e thrombospondins TH o] ZFA|Z9} AL
9] 71Adpe] Fabolle ofwdt o3-S w|x=A] dofrr]
25to], dAA] ZAoll TSP-13+ TSP-2 FAAF Ak ub
ds F=Eshe WHE AFste] o5 7 Alxel] FU%
o7 zzke] whil whee] oJAlE +¥PA AETE =35
ColE WY Al W 54 A dE e
Lee 5(2005pl &Jall AJ=slo] ghom] H o379 Western
blot AFAIAANE o]efgt v ARge] =RAE =
AL A MG63 AESF MC3T3-El Al Zoll4 TSP-13}
TSP-2 W&l ZHE =3}k (Fig. 2). TSPs &b Al
A, =, A AR SollA wWEE L, = AgH
vjoks]= MC3T3-EM 2} 5% AlZoyx wasct
(Clezardin -, 1989). °o|#{3F A2 TSPs7} =ZA|E
3t 2 A FHel= HoAT shsAe] dee A
s A Az TSP-13} TSP-2 W oA A
Al wjeolst = A1y Feile] =29 AlE wj
oFtol| A F2bgE o] A FRAslodvk(Fig. 37 4). ol
23 A= TSP-12 =23k Al wjekzlel4 U208,
Saos-2 =HE AE9 Fabo] F= SEH T FrlehH
(Decker &, 2002), TSP-2 A5 AAH AF 25 H
A AfrrAdlEre ZA4 AFEFEH el AfEAE
o} Ze|zelal AlZulekzl 2 fibronectin 71 ES =X
gk wotlol] oigt F-zto] efstElo] ik A (Kyriakides
%, 1998)e} 2 ofu|E At} o] TSPs whille] =
Az} 7)A7ke] Fatol] F83hE AR
TSP whil-& N-2teke] heparind gt 91, properdin-like
type 1 repeats, calcium A9, C-Hgte] 74 =
oloflA Az 34 Wesw 48A 2 213l heparan
sulfate, A= =7 whill 48], qle]2zl, IAP, CD36
ofe] A3E F8l AlE Fatol pofdhe AoE A
AH(Chen 5, 1996). L o2 U20S9} Soas-2 F5%
AlZ+= TSP-1 == RGD 917} $l= 70 kDa®| TSP
25 ZET wjellA FE oEH R AlE FEbo]
S7kskolem, olget F3 S7k= a0k B, qlElZEl 3
Aol sl A|F ek (Decker 5, 2002). &3 3% =
=224 Wels s Qe -2 ghi]l decorin TSP-
19] N-25k heparin 237919} Agtele] FRAZe] F
A8 AR o JAedt (Merle 5, 1997). = Adams
S} Lawler(1993)= G361 545 A, Abgke] 4274
A E, AIASHIE L MG63 55 AlZF2] TSP-

b

L 4

lof wigt F2h 71AE Azepet ZbzE vh2e, MG63A
29 79 o, elElzale] TSP-19] RGD F-9leke] 2
45 B8l e FARTIE Zleg Hasigict. TSP-
2 knock-out AF oA frelgt AFEAZE AR 2|
Hla)] Habso] zhaslglom o] TSP-2 Fhiol whE
MMP-2 24 S7le} Alxe)7|d sizle} 3o 9let (Yang
%, 2000). o]z{qt o] Aes s & o, & A
Fol|4le] MG63 & MC3T3-El Az Fzt 58 704

= TSPs W&l oAlo]l whE <le]aal % o 8ke] A%
¥ mhilzle] A aw ZeEHS Aew 22
T ek ol digk A3kl Aee JoE o] FFsof
3 Ftolrt

Y4 s8HE Ad Az} /A 2 FEAlsee] B
22 Alze] 34 I S5 A5 A HFAel
B2 H3E op|skar, ol#fdt AETIH e EA Tkt <l
Az eIzt AAEAL Qlet <lElasls E3 FRAE
9} 7147ke] H-2H& bone sialoprotein®] W& Frlel g+
A FRAZ A3lsts FHA7]H, o]2el 2goll= a,
B, ofs auB; AEZEE 539 Alx ) AlsAgaA o]
A= 3L 9lek(Schneider 5-; 2001). Saos-2 A+ EJE}
¥ AH(TiAMV)St ZE. 2% 2end g2 Fuiv)
ks, olelaslzt Agste] AR QxR ZEse
GRGDSP HEe}o|EE Ayl FmAze)} 252719
Fzto] 7kAgbch(Gronowicz and McCarthy; 1996). D3k,
olglaals 53t ERAEe} 7| e F5AEZkY] F
2k A2 W focal adhesion kinase (FAK) 243} =
P4 e =] wEs ST, oleF tlEe] talin,
vinculin, paxillin, tensin?} 72 actin 723 e 24
Z214]71vH(Anselme, 2000). o]2{3F ZAde FZAE
3o qle|agle] Axze}l 7| o G457t o] F2
sh, qlelze]l Agt=r|elel RGDE &3k TSPs= =
BAzo} 7 FEAEete] AfolA F83 285 T
Aoz FE 753 sk B od7e A= TSP-13%
TSP-2 thijo] =rA| 2} 7| A=) ZHitel Hofshar, 3
- EsES} TrAxele] FakEAlo| gl o724
TSPs whl (2t =1 F8 =ol|eli-d] 23hpel ok o]
s7F He3ghe A|Afelt.

o

aAel 2

o] =2 Aduska ¥
(CRI07005-1) ol <Js}ed odF=]9l5.

o,
ulss

N
OL(;
=
r o
-
oY
_]011
e
l"_LOL,
=y
I

Conflict of interest
The authors state that they have no conflicts of
interest.



110 Dong-Jin Lim, et al.

F

i
o

i

ikl

Adams JC, Lawler J. Diverse mechanisms for cell attachment
to platelet thrombospondin. J Cell Sci. 1993;104:1061-71.
Agah A, Kyriakides TR, Lawler J, Bornstein P. The lack of
thrombospondin-1 (TSP-1) dictates the course of wound
healing in double-TSP-1/TSP-2-null mice. Am J Pathol.

2002;161:831-9.

Aikawa F, Nakatsuka M, Kumabe S, Jue SS, Hayashi H, Shin
JW, Iwai Y. Expression of DSPP mRNA During Differen-
tiation of Human Dental Pulp-derived Cells (HDPC) and
Transplantation of HDPC Using Alginate Scaffold.
International J Oral Biol. 2006;31:73-9.

Anselme K. Osteoblast adhesion on biomaterials. Bio-
materials. 2000;21:667-81.

Bein K, Simons M. Thrombospondin type 1 repeats interact
with matrix metalloproteinase 2. Regulation of metallo-
proteinase activity. J Biol Chem. 2000;275:32167-73.

Bornstein P, Armstrong LC, Hankenson KD, Kyriakides TR,
Yang Z. Thrombospondin 2, a matricellular protein with
diverse functions. Matrix Biol. 2000;19:557-68.

Carron JA, Bowler WB, Wagstaff SC, Gallagher JA.
Expression of members of the thrombospondin family by
human skeletal tissues and cultured cells. Biochem Biophys
Res Commun. 1999;263:389-91.

Chandrasekaran L, He CZ, Al-Barazi H, Krutzsch HC, Iruela-
Arispe ML, Roberts DD. Cell contact-dependent activation
of alpha3betal integrin modulates endothelial cell responses
to thrombospondin-1. Mol Biol Cell. 2000;11:2885-900.

Chen H, Herndon ME, Lawler J. The cell biology of
thrombospondin-1. Matrix Biol. 2000;19:597-614.

Chen H, Sottile J, Strickland DK, Mosher DF. Binding and
degradation of thrombospondin-1 mediated through heparan
sulphate proteoglycans and low-density-lipoprotein receptor-
related protein: localization of the functional activity to the
trimeric N-terminal heparin-binding region of throm-
bospondin-1. Biochem J. 1996;318:959-63.

Clezardin P, Jouishomme H, Chavassieux P, Marie PJ.
Thrombospondin is synthesized and secreted by human
osteoblasts and osteosarcoma cells. A model to study the
different effects of thrombospondin in cell adhesion. Eur J
Biochem. 1989;181:721-6.

De Fraipont F, Nicholson AC, Feige JJ, Van Meir EG
Thrombospondins and tumor angiogenesis. Trends Mol
Med. 2001;7:401-7.

Decker S, van Valen F, Vischer P. Adhesion of osteosarcoma
cells to the 70-kDa core region of thrombospondin-1 is
mediated by the alpha 4 beta 1 integrin. Biochem Biophys
Res Commun. 2002;293:86-92.

Feitsma K, Hausser H, Robenek H, Kresse H, Vischer P.
Interaction of thrombospondin-1 and heparan sulfate from
endothelial cells. Structural requirements of heparan sulfate.
J Biol Chem. 2000;275:9396-402.

Gronowicz G, McCarthy MB. Response of human osteoblasts
to implant materials: integrin-mediated adhesion. J Orthop
Res. 1996;14:878-87.

Hawighorst T, Velasco P, Streit M, Hong YK, Kyriakides TR,
Brown LF, Bornstein P, Detmar M. Thrombospondin-2

plays a protective role in multistep carcinogenesis: a novel
host anti-tumor defense mechanism. EMBO J.
2001;20:2631-40.

Jeon EY, Kim HM, Lee SB. Regulation of ADAMTS-2 by
1,25-Dihydroxyvitamin D3 in  Osteoblastic  Cells.
International J Oral Biol. 2006;31:93-8.

Kyriakides TR, Hartzel T, Huynh G, Bornstein P. Regulation of
angiogenesis and matrix remodeling by localized, matrix-
mediated antisense gene delivery. Mol Ther. 2001;3:842-9.

Kyriakides TR, Leach KJ, Hoffman AS, Ratner BD, Bornstein
P. Mice that lack the angiogenesis inhibitor, thrombospondin
2, mount an altered foreign body reaction characterized by
increased vascularity. Proc Natl Acad Sci USA.
1999;96:4449-54.

Kyriakides TR, Tam JW, Bornstein P. Accelerated wound
healing in mice with a disruption of the thrombospondin 2
gene. J Invest Dermatol. 1999;113:782-7.

Kyriakides TR, Zhu YH, Smith LT, Bain SD, Yang Z, Lin MT,
Danielson KG, Iozzo RV, LaMarca M, McKinney CE, Ginns
EL Bornstein P. Mice that lack thrombospondin 2 display
connective tissue abnormalities that are associated with
disordered collagen fibrillogenesis, an increased vascular
density, and a bleeding diathesis. J Cell Biol. 1998;140:419-
30.

Kyriakides TR, Zhu YH, Yang Z, Huynh G, Bornstein P.
Altered extracellular matrix remodeling and angiogenesis in
sponge granulomas of thrombospondin 2-null mice. Am J
Pathol. 2001;159:1255-62.

Lawler J, Weinstein R, Hynes RO. Cell attachment to
thrombospondin: the role of ARG-GLY-ASP, calcium, and
integrin receptors. J Cell Biol. 2000;107:2351-61.

Lee JH, Cho ES, Kim MY, Seo YW, Kho DH, Chung 1J, Kook
H, Kim NS, Ahn KY, Kim KK. Suppression of progression
and metastasis of established colon tumors in mice by
intravenous delivery of short interfering RNA targeting
KITENIN, a metastasis-enhancing protein. Cancer Res.
2005;65:8993-9003.

Li SS, Ivanoff A, Bergstrom SE, Sandstrom A, Christensson
B, van Nerven J, Holgersson J, Hauzenberger D, Arencibia
I, Sundqvist KG T Iymphocyte expression of throm-
bospondin-1 and adhesion to extracellular matrix components.
Eur J Immunol. 2002;32:1069-79.

Merle B, Malaval L, Lawler J, Delmas P, Clezardin P. Decorin
inhibits cell attachment to thrombospondin-1 by binding to a
KKTR-dependent cell adhesive site present within the N-
terminal domain of thrombospondin-1. J Cell Biochem.
1997,67:75-83.

Quarles LD, Yohay DA, Lever LW, Caton R, Wenstrup RJ.
Distinct proliferative and differentiated stages of murine
MC3T3-E1 cells in culture: an in vitro model of osteoblast
development. J Bone Miner Res. 1992;7:683-92.

Reed MJ, Iruela-Arispe L, O'Brien ER, Truong T, LaBell T,
Bornstein P, Sage EH. Expression of thrombospondins by
endothelial cells. Injury is correlated with TSP-1. Am J
Pathol. 1995;147:1068-80.

Reed MJ, Puolakkainen P, Lane TF, Dickerson D, Bornstein P,
Sage EH. Differential expression of SPARC and
thrombospondin 1 in wound repair: immunolocalization and



Thrombospondins in Osteoblast-Matrix Adhesion 111

in situ hybridization. J Histochem Cytochem. 1993;
41:1467-77.

Robey PG, Young MF, Fisher LW, McClain TD. Throm-
bospondin is an osteoblast-derived component of mineralized
extracellular matrix. J Cell Biol. 1989;108:719-27.

Sargiannidou I, Zhou J, Tuszynski GP. The role of
thrombospondin-1 in tumor progression. Exp Biol Med.
2001;226:726-33.

Saumet A, Jesus N, Legrand C, Dubernard V. Association of
thrombospondin-1 with the actin cytoskeleton of human
thrombin-activated platelets through an alphallbbeta3- or
CD36-independent mechanism. Biochem J. 2002;363:473-82.

Schneider GB, Zaharias R, Stanford C. Osteoblast integrin
adhesion and signaling regulate mineralization. J Dent Res.
2001;80:1540-4.

Shahein YE, de Andres DF, Perez de la Lastra JM. Molecular

cloning and functional characterization of the pig
homologue of integrin-associated protein (IAP/CDA47).
Immunology. 2002;106:564-76.

Sherbina NV, Bornstein P. Modulation of thrombospondin
gene expression during osteoblast differentiation in MC3T3-
E1 cells. Bone. 1992;13:197-201.

Streit M, Riccardi L, Velasco P, Brown LF, Hawighorst T,
Bornstein P, Detmar M. Thrombospondin-2: a potent
endogenous inhibitor of tumor growth and angiogenesis.
Proc Natl Acad Sci USA. 1999;96:14888-93.

Yang Z, Kyriakides TR, Bornstein P. Matricellular proteins as
modulators of cell-matrix interactions: adhesive defect in
thrombospondin 2-null fibroblasts is a consequence of
increased levels of matrix metalloproteinase-2. Mol Biol
Cell. 2000;11:3353-64.



