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Summary

Collagen dipeptides are known to exert various biological activities, including chondroprotective effects in articular
cartilage. In the present study, we investigated the effects of two typical collagen dipeptides, namely prolyl-hydroxy-
proline (Pro-Hyp) and hydroxyprolyl-glycine (Hyp-Gly), on the differentiation of ATDC5 cells and the expression of
genes involved in the synthesis of extracellular matrix. The content of collagen fibers in the early stage of chondro-
genesis of ATDC5 cells was significantly increased by the treatment with 1 mM Pro-Hyp. The ColZ2al gene expres-
sion was also increased in the cells treated with 1 mM Pro-Hyp, while the treatment with Hyp-Gly significantly
decreased the CollOal gene expression. The expressions of Aggrecan, Chsyl, and Chpf genes in the cells were also
significantly increased by the treatment with 1 mM Pro-Hyp. Further, either treatment with Pro-Hyp or Hyp-Gly
increased the expression of Sox9 gene, which is an early chondrogenic marker. These results indicate that Pro-Hyp

and Hyp-Gly increase the expression of type II collagen and chondroitin sulfate proteoglycan and promote early

chondrogenesis in ATDC5 cells.
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Table 1 Primers used in this study.
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Gene Forward primer (5'—3) Reverse primer (5" —3)) Accession number
f-actin cttgggtatggaatcctgtgg gtacttgegctcaggaggag NM_007393
Sox9 aggaagctggcagaccagta gtcegttettcaccgactte NM_011448
Runx2 gccgggaatgatgagaacta ggaccgtccactgtcacttt NM_001146038
Col2al ggctcccagaacatcaccta gceccacttaccagtgtgtt NM_031163
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Fig. 1 Effects of collagen dipeptides on Sirius Red staining of ATDC5 cells at the early stage of chondrogenesis.
Left panels. Cells were seeded onto a 24-well plate and treated with indicated stimuli for a week. The cells were stained with
Sirius Red to detect collagen fibers (red area). Right panel. The pigment was extracted from the stained cells by the addition
of 0.1 M NaOH in 50% methanol, and the absorbance was measured at 450 nm. Values shown are means + SD obtained from
three experiments. Asterisk indicates significant difference against control (i.e., cells treated with insulin alone).
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Fig. 2 Effects of collagen dipeptides on Alcian Blue staining of ATDC5 cells at the early stage of chondrogenesis.
Left panels. Cells were seeded onto a 24-well plate and treated with indicated stimuli for a week. The cells were stained with
Alcian Blue to detect sulfated glycosaminoglycan (blue area). Right panel. The pigment was extracted from the stained cells
by the addition of 6 M guanidine hydrochloride, and the absorbance was measured at 650 nm. Values shown are means = SD
obtained from three experiments.
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Fig. 3 Effects of collagen dipeptides on Sox9 and Runx2 expressions in ATDC5 cells.
Cells were seeded onto a 24-well plate and treated with indicated stimuli for a week. The expressions of Sox9 and Runx2 in
the cells were determined by using real-time PCR. Values shown are means * SD obtained from three experiments. Aster-
isks indicate significant differences against control (i.e., cells treated with insulin alone).
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Fig. 4 Effects of collagen dipeptides on Col2al and Coll0Oal expressions in ATDC5 cells.
Cells were seeded onto a 24-well plate and treated with indicated stimuli for a week. The expressions of Col2al and Coll0al
in the cells were determined by using real-time PCR. Values shown are means = SD obtained from three experiments. Aster-
isks indicate significant differences against control (i.e., cells treated with insulin alone).
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Fig. 5 Effects of collagen dipeptides on Aggrecan, Chsyl and Chpf expressions in ATDC5 cells.
Cells were seeded onto a 24-well plate and treated with indicated stimuli for a week. The expressions of Aggrecan, Chsyl and
Chpf in the cells were determined by using real-time PCR. Values shown are means = SD obtained from three experiments.
Asterisks indicate significant differences against control (i.e., cells treated with insulin alone).
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Fig. 6 Effects of collagen-derived dipeptides on Extl and Ext2 expressions in ATDC5 cells.
Cells were seeded onto a 24-well plate and treated with indicated stimuli for a week. The expressions of Ext]l and Ext2 in the
cells were determined by using real-time PCR. Values shown are means = SD obtained from three experiments.
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