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Figure 5. Regulation of the transcription factors by knockdown
of Ten-4 in ATDC5. Quantitative RT-PCR of Ten-4, Sox5, Sox6,
So0x9, and Runx2 was performed using shCont and shTen-4 cells,
8 and 12 days after induction of differentiation. The mRNA
expression of each gene was normalized using HPRT mRNA
expression. The normalized expression of each gene in shCont
cells was set as 1.0. Error bars, s.e.m.; *p <0.05; *"p < 0.01.

the terminal differentiation of chondrocytes, as well as
So0x9.2 In contrast, Runx2 promotes the terminal
differentiation of chondrocytes.! Our data revealed
that the expression levels of Sox6 and Runx2 were
elevated in Ten-4-knockdown ATDC5 cells (Fig. 5),
indicating Ten-4’s negative role in the regulation of
those transcription factors. Interestingly, the Ten-4
knockdown did not affect the expression level of Sox5
(Fig. 5). The Sox5 expression may be regulated by an
independent pathway of the Ten-4 signaling.

The ERK pathway is crucial signaling for chondro-
genesis. The constitutively active form and the inhib-
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Figure 6. Reduced activation of ERK in Ten-4-knockdown
ATDC5. Western blotting of phospho-ERK1/2 (Thr202/Tyr204; p-
ERK) was carried out using shCont and shTen-4 cells, 6, 8, and
12 days after induction of differentiation. The intensity of p-
ERK bands was normalized using the intensity of the total ERK
bands. Independently triplicate experiments gave similar
results.

itors of MEK1, an activator of ERK, inhibits and
promote chondrogenesis, respectively, in human chon-
drocytes and ATDC5 cells,*® suggesting that the ERK
pathway negatively regulates chondrocyte differentia-
tion. We showed that the phosphorylation level of
ERK was reduced in Ten-4-knockdown ATDC5 cells
(Fig. 6). Ten-4 is likely an upstream regulator of the
ERK signaling for suppression of chondrogenic differ-
entiation.

In mammals, 4 teneurin isoforms have been
identified. The expression pattern of Ten-3 has been
analyzed in the cartilage. Ten-3 is expressed in the
perichondrium and proliferating chondrocytes, but
not in hypertrophic chondrocytes, in the growth
plate of the mouse femoral cartilage 1 day after
birth.® In the mandibular condylar cartilage, simi-
larly, fibroblast-like cells in the fibrous layer and
proliferative chondrocytes, except for hypertrophic
chondrocytes, express Ten-3. Further, the peak of
Ten-3 expression is observed at the early stage of
ATDCS5 differentiation, prior to that the expression
levels of type II and X collagens are increased.®
From this report, Ten-3 is expressed at the less
differentiated stages in vivo and in vitro, similar to
Ten-4. In addition, Ten-1, -2, and -3 were expressed
during the chondrogenic differentiation of the hu-
man synovial mesenchymal cells (Fig. 7). Since
teneurins share high homology among the 4 family
members and possess homophilic and heterophilic
binding activity between them,’ it is possible that
teneurins cooperatively regulate critical signaling
for chondrogenic differentiation.

In summary, our results provided evidences that
Ten-4 negatively regulates chondrogenic differentia-
tion. This is the first report that demonstrates the
biological function of Ten-4 in chondrogenesis. Our
findings will facilitate a better understanding of the
molecular mechanism of chondrocyte biology.
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gure 7. The expression of Ten-1, Ten-2, and Ten-3 in the human synovial mesenchymal cell culture during its chondrogenic

differentiation. Quantitative RT-PCR of Ten-1, Ten-2, and Ten-3 during the differentiation was performed. The mRNA expression of
each gene was normalized using HPRT mRNA expression. The normalized expression of each gene on Day 0 was set as 1.0. Error

bars, s.e.m.
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Supplemental Fig. 1. Ten-4 expression in the human bone marrow mesenchymal cell
culture during its chondrogenic differentiation. Immunostaining of Ten-4 and type II
collagen (Col2) in the cell pellets was performed using the DAB staining kit (Thermo
Scientific). Hematoxylin staining was performed with the Col2 immunostaining.
Toluidine blue staining (T.B.) was used as a control. In (G,H), (LJ), and (K,L), enlarged
images of boxes with black lines in (A), (C), and (E), respectively, are shown. Scale bar
in (F): 100 um; Scale bar in (L): 50 um.
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