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S100A1 and S100B, transcriptional targets of SOX trio,
inhibit terminal differentiation of chondrocytes

Taku Saito’, Toshiyuki Ikeda?, Kozo Nakamura!, Ung-il Chung? ¢ Hiroshi Kawaguchi'*
Department of Sensory and Motor System Medicine, Faculty of Medicine, and 2Faculty of Medicine, Center for Disease Biology

and Integrative Medicine, University of Tokyo, Bunkyo, Tokyo, Japan

Transcription factor SOX9 (sex-determining region Y-type high
mobility group box 9) and its coactivators SOX5 and SOX6 (the
SOX trio) induce early-stage chondrocyte differentiation and
suppress its terminal stage. To identify possible targets of the SOX
trio, we carried out a microarray analysis and identified ST00A1
and ST00B as possible target molecules. S100 protein expression
was localized in late proliferative and pre-hypertrophic chondro-
cytes of the mouse growth plate. Overexpression of S100A1,
S100B or their combination in cultured chondrogenic cells did not
induce early differentiation, but suppressed hypertrophic differ-
entiation and mineralization. Silencing of both S100A1 and S100B
stimulated terminal differentiation and reversed the SOX-trio-
mediated inhibition. Finally, luciferase reporter, electrophoretic
mobility shift and chromatin immunoprecipitation analyses
showed that transcription of both S100 proteins is induced by
the SOX trio, and also identified their respective enhancer
elements in the 5'-end flanking region. We conclude that S100A1
and S100B are transcriptional targets of the SOX trio and mediate
its inhibition of terminal differentiation of chondrocytes.
Keywords: SOX; S100; chondrocyte; cartilage; hypertrophy
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INTRODUCTION

During endochondral ossification for skeletal development, cells
in the mesenchymal condensations differentiate into chondrocytes
that then undergo proliferation and differentiation into hyper-
trophic cells. The hypertrophic chondrocytes mineralize a
surrounding matrix to provide a scaffold for osteoblastic cells.
Many lines of evidence have shown that the sex-determining
region Y-type high mobility group box (SOX) family transcription
factors are required at sequential steps of the chondrocyte
differentiation (Bi et al, 2001; Akiyama et al, 2002). Among them,
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SOX9 is known to be an essential transcription factor for
mesenchymal condensation and subsequent chondrocyte differ-
entiation at an early stage (Foster et al, 1994; Wagner et al, 1994;
Ng et al, 1997). Two members of the SOX family, SOX5 and
SOX6, are known to function as coactivators of SOX9 in
chondrocyte differentiation (Lefebvre et al, 1998; Smits et al,
2001). Accumulated evidence on mutant mice with loss of
function of the SOX factors has shown that they also function as
potent inhibitors of terminal differentiation (Bi et al, 2001; Smits
et al, 2001; Akiyama et al, 2002). We reported previously that the
combination of SOX9, SOX5 and SOX6 (the SOX trio) highly
stimulated the early stage of chondrocyte differentiation in several
cultured cells, including nonchondrogenic cells (lkeda et al,
2004). In addition, the SOX trio inhibited terminal differentiation
of chondrocytes. This effect could potentially be explored to
benefit regenerative medicine of permanent cartilage. The present
study sought to identify transcriptional targets of the SOX trio by a
microarray analysis, and further investigated their functional
involvement in chondrocyte differentiation.

RESULTS AND DISCUSSION

Induction of ST00A1 and S100B by the SOX trio

A microarray analysis was performed using human mesenchymal
stem cells (hMSCs) adenovirally transfected with the SOX trio or
a LacZ control. We identified 17 and 373 genes that were
upregulated more than five- and twofold, respectively, as well as 5
and 230 genes downregulated more than five- and twofold,
respectively, by the SOX trio (supplementary Table online).
Among them, STOOAT and ST00B—S100 protein family members,
which are the largest subgroup in the superfamily of proteins
carrying the Ca?+-binding EF-hand motif—showed the strongest
increases. Real-time reverse transcription—-PCR (RT-PCR) analysis
confirmed that STOOAT and ST100B expression was induced by
adenoviral transfection of SOX9 alone, and more strongly by that
of the SOX trio—but not by SOX5 or SOX6 alone—in hMSCs,
human dermal fibroblasts, chondrogenic cell line ATDC5 and
nonchondrogenic cell lines HelLa and HuH-7 (Fig 1).

Expression patterns of ST00AT and S100B
To identify the expression patterns of STOOAT and ST00B in the
sequential differentiation stages of chondrocytes, we carried out
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