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expression, followed by a delayed dose-dependent increase (20h-40h).
Cyp1A1 mRNA expression was synergistically stimulated by TCDD and IL-
1B treatment,. BaP exerted similar effects on Cyp1A1 expression while the
AhR antagonist alpha-naphthoflavone (aNF) suppressed the TCDD part of
Cyp1A1 induction but not that of IL-1B. Conversely, AhR ligands synergized
with IL1-B and clearly increased the amount of IL-1B mRNA, but only
moderately that of IL1-RA mRNA.
Conclusions: Cartilage appears as a target for persistent environmental
pollutants acting as aggravating pro-inflammatory factors through the AhR.
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CYCLICAL HYPEROSMOLAR LOADING OF HUMAN ARTICULAR
CHONDROCYTES INCREASES SOX9 GENE EXPRESSION AND P38
SIGNALLING IS REQUIRED
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Purpose: SOX9 is a transcription factor required for cartilage formation
and is essential for cartilage extracellular matrix formation (ECM). Os-
teoarthritis (OA) is characterized by a loss of ECM. In human aged OA
cartilage SOX9 gene expression is regulated by osmotic loading. Here we
characterise SOX9 mRNA regulation through cyclical application of human
articular chondrocytes (HAC). The role of the p38 MAPK pathway was
investigated using pharmacological inhibition to identify mechanisms of
SOX9 regulation.
Methods: Cartilage was obtained following total knee arthroplasty with
informed consent and ethical approval. Cultures of freshly isolated HAC
were used in experiments within 24 hours. Osmotic load was either static
or cyclical, where loads were applied by incubating cells for 5 hours in
380 and 550mOsm medium alternating every 30 or 60 minutes, containing
either DMSO, or 20μM p38 MAP kinase inhibitor SB202190. Reverse tran-
scription and quantitative real-time PCR was used to measure the levels
of SOX9, Aggrecan and COL2A1 mRNA. Western blots were probed with
antibodies recognising phospho p38, SOX9, total ERK or GAPDH. Statistical
analysis was performed using mixed effects regression models.
Results: Static hyperosmotic loading for 5 hours significantly increased
SOX9 mRNA in freshly isolated HAC; 2.5 fold, p=0.0027. Further experi-
ments investigated how the nature of the osmotic load applied to cells
effected SOX9 expression. In vivo, chondrocytes are subjected to periods
of cyclical loading which will generate fluid flow and osmotic fluctuations
within the tissue. Cyclical loading between 380 and 550mOsm increased
SOX9 to a greater extent than cycling at the same osmolarity. This was
significant at both 30 and 60 minute frequencies; 2.5 fold; p=0.001, 2.9 fold
p=0.0009 (Fig. 1).

Figure 1

Western blot analysis using a phosphorylated p38 MAPK specific antibody
identified an increase in activation of p38 MAPK at 550mOsm under static
hyperosmolar conditions. Cyclical hyperosmolar loading every 60 minutes
led to an increase in p38 MAPK activation compared to control (Fig. 2a).
In addition p38 MAPK inhibition caused a reduction in SOX9 protein in all
conditions (Fig. 2b). There was also a significant decrease in SOX9 mRNA at
c30 and c60 conditions; p=0.001, p=0.003.
Finally we looked at the gene expression of COL2A1 and Aggrecan and
found that application of static hyperosmotic conditions for a 5 hour
period resulted in a significant decrease in Aggrecan and COL2A1 mRNA;

Figure 2

p=0.0012, p=0.0008 respectively. No effects were evident during cyclical
hyperosmolar loading.
Conclusions: The regulation of SOX9 in chondrocytes is beginning to be
identified. One mechanism is through p38 MAPK-dependant signalling
leading to post-transcriptional stabilisation of its mRNA. Furthermore
medium osmolarity, a known regulator of p38 MAPK, controls SOX9 by
this mechanism. We identified that SOX9 is upregulated by both static and
dynamic hyperosmotic conditions. Whilst these conditions are not meant
to precisely simulate the osmotic conditions experienced by a chondrocyte
in vivo, they do demonstrate that repeated applications of these stimuli can
enhance their production of factors such as SOX9.
We examined Aggrecan and COL2A1 mRNA levels. Although there was no
apparent change in mRNA in cyclical loading of HAC, static hyperosmolar
loading caused a reduction in their expression agreeing with the majority
of studies that have noted a decrease in ECM production under static
hyperosmotic loading.
Understanding the regulation of SOX9 could lead to novel strategies to
improve techniques of cartilage repair
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Purpose: The goal of this study is to combine biomechanical and sys-
tems biology approaches to reveal major players of cartilage degeneration.
Cartilage degeneration can be characterized by the imbalance of a com-
plex intracellular network orchestrated by several regulatory proteins.
IL-1α and TNF-α are two well known cytokines responsible for cartilage
degeneration but there are possibly several other pro-catabolic stimuli
equally important but less studied. This project utilizes a multidisci-
plinary approach characterized by the fusion of two seemingly different
areas: Biomechanics and Systems Biology. Systems biology approach has
been used for a “functional” screen of 90 different stimuli. Specifically,
high-throughput proteomic measurements and computational algorithms
have been used to interrogate the intracellular and extracellular activity
of primary human chondrocytes treated with a large number of stimuli
ranging from interleukins, growth factors, chemokines, toll like receptor
(TLR) activators and other inflammatory stimuli. Computational models
such as partial least square, principal component analysis, clustering, and
integer linear programming have been employed to create signaling path-
ways, correlate signaling activity, and identify major catabolic stimuli. To
further confirm the results biomechanical approaches (indentation tests)
have are been used to monitor the degradation of cartilage explants by
measuring alterations on the mechanical properties (Young’s modulus and
the permeability). The multidisciplinary approach of the project sheds
light into the molecular pathways that govern cartilage degeneration in an
unbiased way. Several TLR activators as well as other cytokines show major
catabolic role in cartilage that can be proved equally important as IL-1 and
TNFα.
Methods: Systems Biology approach: Chondrocytes were isolated from hu-
man femoral heads following standard isolation procedures. Cells were
plated in 96 well plates at 35,000 cells per well, stimulated by 90 dif-


