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Objective
Selenium neutralizes interleukin-1β (IL-1β) induced inflammatory 
responses in chondrocytes. We investigated potential mechanisms 
for this through in vitro knock down of three major selenoproteins, 
Iodothyronine Deiodinase-2 (DIO2), Glutathione Peroxidase-1 (GPX1), 
and Thioredoxin Reductase-1 (TR1) in primary human chondrocytes.

Methods
Primary human chondrocytes were transfected with scrambled small 
interfering ribonucleic acid (siRNA) or siRNA specific for DIO2, GPX1 
and TR1. After 48 h, transfected cells were cultured in serum free media 
for 48 h, with or without 10 pg/ml IL-1β for the final 24h. The efficiency 
of siRNAs was confirmed by quantitative Real Time-Polymerase Chain 
Reaction (qRT-PCR) and Western blot analysis. The gene expression, by 
qRT-PCR, of cyclooxygenase-2 (COX2), IL-1β, and Liver X receptor (LXR) 
alpha and beta was evaluated to determine the impact of selenoprotein 
knockdown on inflammatory responses in chondrocytes.

Results
The messenger RNA (mRNA) expression of DIO2, GPX1, and TR1 was 
significantly decreased by the specific siRNAs (reduced 56%, P=0.0004; 
96%, P<0.0001; and 66%, P<0.0001, respectively). Suppression of 
DIO2, but not GPX1 or TR1, significantly increased (~2-fold) both basal 
(P=0.0005) and IL-1β induced (P<0.0001) COX2 gene expression. 
Similarly, suppression of DIO2 significantly increased (∼9-fold) IL-
1β induced IL-1β gene expression (P=0.0056) and resulted in a 32% 
(P=0.0044) decrease in LXRα gene expression but no effect on LXRβ.

Conclusions
Suppression of the selenoprotein DIO2 resulted in strong pro-inflammatory 
effects with increased expression of inflammatory mediators, IL-1β and 
COX2, and decreased expression of LXRα suggesting that this may be the 
upstream target through which the anti-inflammatory effects of DIO2 are 
mediated [1]. Thyroid hormone receptor (TR) and liver X-receptor (LXR) 
are the master regulators of lipid metabolism. Remarkably, a mouse 
with a targeted deletion of both LXR alpha and LXR beta is resistant to 
western diet-induced obesity, and exhibits ectopic liver expression of the 
thyroid hormone activating type 2 deiodinase (D2). We hypothesized that 
LXR/retinoid X-receptor (RXR) signaling inhibits hepatic D2 expression, 
and studied this using a luciferase reporter containing the human DIO2 
(hDIO2) promoter in HepG2 cells. Given that, in contrast to mammals, the 
chicken liver normally expresses D2, the chicken DIO2 (cDIO2) promoter 
was also studied. 22(R)-OH-cholesterol negatively regulated hDIO2 in a 
dose-dependent manner (100micro M, approximately twofold), while it 
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failed to affect the cDIO2 promoter. Truncations in the hDIO2 
promoter identified the region -901 to -584 BP as critical for 
negative regulation. We also investigated if 9-cis retinoic acid 
(9-cis RA), the ligand for the heterodimeric partner of TR and 
LXR, RXR, could regulate the hDIO2 promoter. Notably, 9-cis RA 
repressed the hDIO2 luciferase reporter (1micro M, approximately 
fourfold) in a dose-dependent manner, while coexpression of an 
inactive mutant RXR abolished this effect. However, it is unlikely 
that RXR homodimers mediate the repression of hDIO2 since 
mutagenesis of a DR-1 at -506 bp did not interfere with 9-cis RA-
mediated repression. Our data indicate that hDIO2 transcription 
is negatively regulated by both 22(R)-OH-cholesterol and 9-cis 
RA, which is consistent with LXR/RXR involvement. In vivo, the 
inhibition of D2-mediated tri-iodothyronine (T(3)) production 
by cholesterol/9-cis RA could function as a feedback loop, 
given that T(3) decreases hepatic cholesterol levels [2]. Liver X 
receptors (LXRs), activated by oxysterols, play an important role 
in the regulation of lipid and glucose metabolism, which is also 
markedly dependent on thyroid hormone and growth hormone 
(GH) status. Here, we investigated how a 1-week exposure to 
the synthetic LXR agonist T0901317 affected GH secretion and 
thyroid hormone status in male rats. While the pulse frequency 
of GH secretion was marginally affected there was a highly 
significant decrease in the triiodo-L-thyronine/thyroxine (T3/
T4) ratio in plasma. This effect was associated with decreased 
expression of deiodinase 1 (DIO1) and 2 (DIO2) mRNA in the 
liver and thyroid gland, respectively. Expression of sterol 
regulatory element binding protein-1c (SREBP-1c), the hallmark 
of stimulated lipogenesis, was markedly increased in both 
thyroid and pituitary implying that protracted pharmacological 
LXR activation may promote lipid accumulation in these 
endocrine tissues. These findings suggest that attention 
must be given to pituitary hormone dependent axes when 
developing therapeutic strategies based on agonism of the 
LXRs, e.g. for treatment of atherosclerosis [3].Thyroid hormone 
(T3) influences hepatic cholesterol metabolism, and previous 
0studies have established an important role of this hormone in 
the regulation of cholesterol 7alpha-hydroxylase (CYP7A), the 
rate-limiting enzyme in the synthesis of bile acids. To evaluate 
the respective contribution of thyroid hormone receptors (TR) 
alpha1 and beta in this regulation, the responses to 2% dietary 
cholesterol and T3 were studied in TRalpha1 and TRbeta 
knockout mice under hypo- and hyperthyroid conditions. Our 
experiments show that the normal stimulation in CYP7A activity 
and mRNA level by T3 is lost in TRbeta-/- but not in TRalpha1-
/-mice, identifying TRbeta as the mediator of T3 action on 

CYP7A and, consequently, as a major regulator of cholesterol 
metabolism in vivo. Somewhat unexpectedly, T3-deficient 
TRbeta-/- mice showed an augmented CYP7A response after 
challenge with dietary cholesterol, and these animals did not 
develop hypercholesterolemia to the extent as did wild-type (wt) 
controls. The latter results lend strong support to the concept 
that TRs may exert regulatory effects in vivo independent of T3.
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