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[ Abstract] Objective

To study the effect of co-culturing chondrocytes with osteoblasts on hypoxia-inducible

factor (HIF)-1 pathway of chondrocytes and its mechanism. Methods Chondrocytes and osteoblasts were separately

extracted from the knee joint and skull of newborn mice by trypsin digestion. The co-culturing system of osteoblasts and

chondrocytes was constructed by using Transwell inserts to culture the osteoblasts and 6-well plate to culture the

chondrocytes. We used qRT-PCR to examine changes in the mRNA expression of HIFs and its target gene pyruvate

dehydrogenase kinase 1 (PDK1) in chondrocytes co-cultured for 24 h. Western blot was used to analyze changes in the

protein expression of HIFs and PDK1 and the changes in the activation of mitogen activated protein kinase (MAPK)

signaling pathway after the cells were co-cultured for 48 h. Reactive oxygen species (ROS) staining was done to show the
changes of ROS production in chondrocytes co-cultured for 48 h. Results The results of qRT-PCR and Western blot
showed upregulated levels of HIF-1a gene and protein expression (P<0.05) in the chondrocytes after they were co-
cultured with osteoblasts. The gene and protein expression levels of PDK1, the target gene of HIF-1, were also upregulated
(P<0.05). ROS staining showed that co-culturing of chondrocytes with osteoblasts decreased ROS production in
chondrocytes. Western blot revealed that extracellular signal-regulated kinase (ERK) 1/2 and p38 signaling of co-cultured
chondrocytes were enhanced (P<0.05). Conclusion Co-culturing with osteoblasts enhanced the ERK1/2 and p38

signaling of chondrocytes and upregulated the HIF-1 pathway of chondrocytes.
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Table 1 Primer pairs for QRT-PCR used in the study
mRNA Primer sequence Product length/bp

HIF-1ae (NM_001313920.1)

Forward: 5-CGTTCCCTTGCTCTTTGTGG-3' 106

Reverse: 5-TAAACGTAAGCGCTGACCCA-3’

HIF-2a (NM_010137.3)

Forward: 5'-GCCTGACTAACCGCCACAGA-3' 74

Reverse: 5'-ACACCGCTGCCATATCACAAA-3'

HIF-3a (NM_001162950.1)

Forward: 5'-CAGCGCGTGAGGTCGAA-3' 167

Reverse: 5-ATTGTGAGGCGCATGATGGA-3'

PDK1 (NM_001360002.1)

Forward: 5-TCTGCGACAAGAGTTGCCTG-3' 114

Reverse: 5-TGGATATACCAACTTTGCACCA-3'

B-actin (NM_007393.5)

Forward: 5-TGAGCTGCGTTTTACACCCT-3' 198

Reverse: 5'-GCCTTCACCGTTCCAGTTTT-3'
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Fig 1 Co-culturing with osteoblasts upregulated HIF-1a expression in chondrocytes

A: Schematic diagram of non-contact coculture system; B: Western blot; C: qRT-PCR (n=3, *P<0.05); D: Quantitative analysis was performed to confirm the

variation of proteins in B (n=3, *P<0.05).
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Fig 2 Co-culturing with osteoblasts increased the expression of PDK1 in chondrocytes

A: qRT-PCR (n=3, **P<0.01); B: Western blot; C: Quantitative analysis was performed to confirm the variation of proteins in B (n=3, *P<0.05).
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Fig 3 Co-culturing with osteoblasts reduced ROS production of chondrocytes

A: Representative immunofluorescence images by CLSM showing the ROS production of chondrocytes (ROS: arrows; nucleus: blue); B: Quantitative analysis was

performed to confirm the variation of proteins in A (n=3, ***P<0.001).
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Fig 4 Co-culturing with osteoblasts activated ERK1/2 and p38 signaling in chondrocytes

*P<0.05, n=3.
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