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Though bone dominated the scene at this 
year's ASBMR meeting, cartilage made its 
presence felt in several interesting studies. 
 
The “Sox trio”, a master regulator of 
chondrogenesis, is still in search of 
company. By screening chemical libraries, 
investigators have identified Runx1 as a 
transcription factor that works cooperatively 
with the “Sox trio” to induce chondrogenic 
differentiation in vitro (1). Intriguingly, 
however, mice lacking Runx1 in cartilage do 
not display an overt chondrocyte phenotype. 
All in all, Runx1 could be important for tissue 
repair and regeneration, but redundant in 
organogenesis.  
 
In vivo and in vitro models meshed well 
when p63 was at center stage. p63 is a 
member of a gene family that includes the 
p53 tumor suppressor. It has been known 
for quite some time that mice lacking p63 
exhibit severe limb deformities. Investigators 
have now reported that p63 plays an 
important role in cartilage development by 
regulating key genes for chondrogenesis 
such as Sox6, Sox9 and Col2a1 (2).  
 
The list of transcription factors modulating 
chondrocyte terminal differentiation and 
hypertrophy is also growing. Investigators at 
last year's meeting reported that Hif-2α, one 
of the hypoxia responsive transcription 
factors, positively regulates collagen type X 
expression. Conversely, the transcriptional 
repressor TRPS1, which is associated with 
human tricho-rhino-phalangeal syndrome 
(TRPS), was shown to delay chondrocyte 
terminal differentiation. For both 
transcription factors, additional experimental 

evidence supporting their essential role in 
chondrocyte hypertrophy has now been 
presented (3;4).  
 
Speaking of chondrocytes and hypertrophy, 
PTHrP, a key gatekeeper of terminal 
differentiation, at least in cartilage, comes to 
mind. While it is clear and well documented 
that this ligand delays hypertrophy, its main 
downstream targets are still uncertain. An 
elegant study provided evidence that the 
zinc finger protein Zfp521 antagonizes the 
transcriptional activity of Runx2, a positive 
modulator of hypertrophy, and lies 
downstream of PTHrP at the border 
between pre-hypertrophy and hypertrophy 
(5). Moreover, a novel extracellular matrix 
protein, ECM1 (extracellular matrix protein 
1), a protein that has been linked previously 
to chronic inflammatory conditions, appears 
to be a direct downstream molecule of 
PTHrP in cartilage and, consistent with this 
finding, also a negative regulator of 
chondrocyte differentiation (6). Upstream of 
PTHrP is the morphogen Ihh; how is the 
expression of Ihh itself regulated? A nice 
piece of work suggested that the 
transcription factor ATF4 may be one of the 
physiological regulators of Ihh by directly 
targeting transcription of the Ihh gene (7).  
 
Regarding established pathways in 
cartilage, in a real tour-de-force, researchers 
have discovered that, while a lack of Smad1, 
Smad5 or Smad8 does not generate any 
obvious phenotype when the genes 
encoding these proteins are individually 
deleted in cartilage, the conditional ablation 
of both Smad1 and Smad5 is bad news for 
chondrocytes that, on the contrary, tolerate 
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well the lack of both Smad1 and Smad8 (8). 
Moreover, the phenotype generated by the 
lack of both Smad1 and Smad5 is more 
severe than the one observed in growth 
plates in which co-Smad4 was conditionally 
deleted, thus challenging the dogma that co-
Smad4 is required to mediate Smad 
signaling downstream of TGFβ and BMPs. 
The story gets even more complicated when 
inhibitory Smad6 and Smad7 enter the 
scene, as they appear to impair cartilage 
development through Smad-independent 
pathways (9).  
 
Growth plate development has both a 
prenatal and a postnatal component, but 
whether chondrocytes follow similar rules 
before and after birth is something that still 
needs to be fully established. It has been 
known for a long time that the endocrine 
regulation of the postnatal growth plate is 
critically important. Particularly interesting is 
the role of thyroid hormones in 
chondrocytes. Researchers have reported 
that thyroid hormones promote chondrocyte 
hypertrophy, at least in part, through Igf1 
modulation of canonical Wnt signaling (10); 
it is a complex but interesting loop. Notably, 
conditional deletion of the Igf1 receptor 
postnatally causes a severe 
chondrodysplasia by impairing both 
chondrocyte proliferation and differentiation 
(11). The calcium-sensing receptor is 
another important candidate for postnatal 
growth plate biology, as suggested by data 
that have been generated using an elegant 
tamoxifen-inducible system (12). All in all, 
the detailed molecular mechanisms that 
regulate the formation of the secondary 
ossification center and the closure of the 
epiphysis in the postnatal growth plate are 
still obscure, but progress continues to be 
made. 
 
During its life, the goal of a chondrocyte is to 
make a specific matrix. Thus it is not 
surprising, though it remains extremely 
interesting, that matrix may feed back and 
somehow help the chondrocyte. In this 
regard, researchers have now provided 
clear evidence for a critical role of perlecan 
in FGF and VEGF signaling (13). Perlecan is 
a large, multidomain, heparan sulfate 
proteoglycan that interacts with extracellular 
matrix proteins, growth factors and 

receptors. Its knockout leads to a severe 
chondrodysplasia that resembles the growth 
plate phenotype caused by gain-of-function 
mutations of FgfR3 in mice. Notably, 
expression of VEGF in hypertrophic 
chondrocytes is significantly upregulated in 
mice lacking perlecan, despite a delay in 
blood vessel invasion, suggesting that 
perlecan modulates VEGF activity. The data 
were confirmed in a transgenic model of 
perlecan overexpression (13). While 
perlecan seems to be important for VEGF 
and FGF signaling, matrilin-3, another matrix 
protein, could play a negative role in 
chondrocyte hypertrophy by modulating 
BMP signaling (14).  
 
The ultimate events in the life of a 
chondrocyte are mineralization of the matrix 
and death, probably through apoptotic 
mechanisms. Experimental evidence 
supporting a critical role of annexin V (15) in 
mineralization of the matrix, through 
regulation of intracellular Ca2+ influx, and of 
phosphate uptake in the death of the 
chondrocyte has been presented. 
Chondrocytes may die not only because the 
activity of the pro-life protein Bcl2 is 
downregulated, but also because expression 
of the pro-apoptotic molecule Bnip3 is 
dramatically upregulated (16), and the two 
may be components of a loop that also 
involves phosphate. 
 
Finally, a challenging question in 
chondrocyte biology is why the fetal growth 
plate is an avascular structure for most of its 
length. A molecule identified as 
“chondrostatin,” a naturally occurring 
collagen fragment, has some interesting 
anti-angiogenic properties (17); is 
chondrostatin a key factor for the 
avascularity of the fetal growth plate? 
 
Conflict of Interest: None reported.   
 
References: 
 
1. Yano F, Ikeda T, Saito T, Ogata N, 

Takeda S, Kimura A, Ohba S, Kugimiya 
F, Nakamura K, Takato T, Kawaguchi H, 
Chung U. Runx1, co-activator of Sox5, 
Sox6 and Sox9 (the Sox trio) regulates 
chondrogenic differentiation. J Bone 
Miner Res. 2007 Sep;22(Suppl 1):S33. 
[Abstract]

 319 
 

 Copyright 2007 International Bone and Mineral Society 

http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7B7E9108F5-0222-45B6-A3B9-F65BAB511EB4%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7B8C9C96FB-619F-4136-AB35-10B3061735C0%7D


BoneKEy-Osteovision. 2007 December;4(12):318-321 
http://www.bonekey-ibms.org/cgi/content/full/ibmske;4/12/318 
DOI: 10.1138/20070282 
 
2. Ikeda T, Kawaguchi H, Saito T, Kan A, 

Yano F, Ushita M, Kawasaki Y, 
Nakamura K, Chung U. p63 plays a 
central role in cartilage development by 
directly regulating key genes for 
chondrogenesis. J Bone Miner Res. 
2007 Sep;22(Suppl 1):S52. [Abstract]

 
3. Saito T, Ikeda T, Higashikawa A, 

Kawasaki Y, Kan A, Ushita M, Ohba S, 
Yano F, Nakamura K, Chung U, 
Kawaguchi H. Hypoxia-inducible factor 
2α induces type X collagen and 
promotes hypertrophic differentiation of 
chondrocytes. J Bone Miner Res. 2007 
Sep;22(Suppl 1):S50. [Abstract]

 
4. Napierala D, Sam K, Morello R, Bertin 

T, Zheng Q, Sibai T, Shivdasani R, Lee 
B. Trps1 transcription factor regulates 
chondrocyte hypertrophy and 
perichondrial mineralization through 
repression of Runx2. J Bone Miner Res. 
2007 Sep;22(Suppl 1):S52. [Abstract]

 
5. Correa D, Kiviranta R, Neff L, Horne 

WC, Baron R. Zfp521, a D2DFosB-
interacting protein, regulates 
chondrocyte differentiation downstream 
of PTHrP. J Bone Miner Res. 2007 
Sep;22(Suppl 1):S20. [Abstract]

 
6. Kong L, Zhang Y, Jiang B, Xie Y, Feng 

JQ, Kobayashi T, Kronenberg HM, Liu 
C. ECM1, a direct targeting molecule of 
PTHrP, is a novel potent mediator of 
chondrogenesis. J Bone Miner Res. 
2007 Sep;22(Suppl 1):S18. [Abstract]

 
7. Wang W, Yang X. Atf4 regulates 

chondrocyte proliferation and 
differentiation by direct targeting Indian 
Hedgehog transcription. J Bone Miner 
Res. 2007 Sep;22(Suppl 1):S52. 
[Abstract]

 
8. Retting KN, Behringer RR, Lyons KM. 

BMP canonical signaling through 
receptor Smads 1 and 5 is required for 
endochondral bone formation. J Bone 
Miner Res. 2007 Sep;22(Suppl 1):S103.  

 
9. Iwai T, Murai J, Yoshikawa H, Tsumaki 

N. Inhibitory Smad6 and Smad7 
differently regulate cartilage formation. J 

Bone Miner Res. 2007 Sep;22(Suppl 
1):S100.  

 
10. Wang L, Shao YY, Ballock RT. Thyroid 

hormone-induced terminal differentiation 
of growth plate chondrocytes involves 
IGF-1 modulation of canonical Wnt 
signaling. J Bone Miner Res. 2007 
Sep;22(Suppl 1):S99.  

 
11. Wang Y, ElAlieh HZ, Nakamura E, 

Nguyen M, Mackem S, Bikle DD, Chang 
W. IGF-I signaling is required for 
postnatal growth plate development. J 
Bone Miner Res. 2007 Sep;22(Suppl 
1):S32. [Abstract]

 
12. Tu C, Elalieh H, Chen T, Liu B, Hamilton 

M, Shoback D, Bikle D, Chang W. 
Expression of Ca2+ receptors in cartilage 
is essential for embryonic skeletal 
development in vivo. J Bone Miner Res. 
2007 Sep;22(Suppl 1):S50. [Abstract]

 
13. Ishijima M, Arikawa-Hirasawa E, 

Hozumi K, Suzuki N, Kosaki K, 
Matsunobu T, Yamada Y. Perlecan 
modulates FGF and VEGF signaling 
and is essential for vascularization in the 
development of the cartilage growth 
plate. J Bone Miner Res. 2007 
Sep;22(Suppl 1):S18. [Abstract]

 
14. Yang X, van der Weyden L, Wei L, 

Wang Z, Bradley A, Chen Q. Regulation 
of chondrocyte hypertrophy and bone 
mineral density by matrilin-3 through 
modulating bone morphogenetic protein 
signaling pathways. J Bone Miner Res. 
2007 Sep;22(Suppl 1):S18. [Abstract]

 
15. Kim H, Kirsch T. Collagen/annexin V 

interactions regulate growth plate 
chondroyte mineralization. J Bone Miner 
Res. 2007 Sep;22(Suppl 1):S33. 
[Abstract]

 
16. Oshima Y, Akiyama T, Iwasawa M, 

Nagase Y, Hennighausen L, Nakamura 
K, Tanaka S. Molecular interaction 
between Bcl-xL and Bnip3 determines 
the cell fate of hypertrophic 
chondrocytes. J Bone Miner Res. 2007 
Sep;22(Suppl 1):S51. [Abstract]

 

 320 
 

 Copyright 2007 International Bone and Mineral Society 

http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7BC7B3E404-FE7E-4B9B-A554-495745649624%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7B0A5B6BA5-0AE9-48D4-8687-06973D36600A%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7BAE0E65AF-381D-443C-B6DF-CA51226E864E%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7BACAE0366-C39C-49B6-A74A-FA734A75842B%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7B13BB8D0F-7738-46F2-B879-A3B566C28494%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7B0A5B6BA5-0AE9-48D4-8687-06973D36600A%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7B83112394-C2FE-4F01-A3BD-CC73DDE8273D%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7B5533DC35-E312-4D3E-A275-E57A40C3C298%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7B78348E44-3697-4E6A-9B07-156E5EF35AF5%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7BAA8AE15B-BE13-4650-B522-3CEE2CA4C074%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7B44090765-9F02-461D-B158-4EA49902341C%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7B0A5B6BA5-0AE9-48D4-8687-06973D36600A%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7BC24DE847-6623-4A03-BB8E-BE29C57B848C%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7B8C9C96FB-619F-4136-AB35-10B3061735C0%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7B44387096-E10D-4BE7-B9B8-09EC9916607B%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7BACAE0366-C39C-49B6-A74A-FA734A75842B%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7B5EC6A734-ABC2-44DA-BC3E-9AF1B69CC48B%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7BAA8AE15B-BE13-4650-B522-3CEE2CA4C074%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7B8D025D42-5A0F-40F7-A80B-066551F41F5B%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7BAA8AE15B-BE13-4650-B522-3CEE2CA4C074%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7BF7DF13EF-09D1-4B57-B9BE-ACAF360B2BF6%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7B8C9C96FB-619F-4136-AB35-10B3061735C0%7D
http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7B1EA07281-CADF-4B5C-BB36-89E82CFB4D5A%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7B0A5B6BA5-0AE9-48D4-8687-06973D36600A%7D


BoneKEy-Osteovision. 2007 December;4(12):318-321 
http://www.bonekey-ibms.org/cgi/content/full/ibmske;4/12/318 
DOI: 10.1138/20070282 
 
17. Sandell LJ, Wang Z, Franz C, Havioglu 

N, Bryan J, Ell B, Rapraeger A. 
Chondrostatin: a new inhibitor of 
angiogenesis, tumor invasion and 

osteoclast activity. J Bone Miner Res. 
2007 Sep;22(Suppl 1):S294. [Abstract]

 
 

 

 321 
 

 Copyright 2007 International Bone and Mineral Society 

http://www.abstractsonline.com/viewer/viewAbstract.asp?CKey=%7BD2E05418-0839-49A7-A1D9-D169DF7CEC0D%7D&MKey=%7B07E476EC-41FE-4031-A4C7-AAAB51BD8DB8%7D&AKey=%7BD0C01D4F-E23B-45E2-ACD4-0AF8AC866B8B%7D&SKey=%7BD848641D-B865-4E3A-B9E9-E81157CCB386%7D

