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As the global prevalence of obesity continues to rise, strategies for targeting the metabolism of
lipids are of great interest. A major disease strongly associated with obesity is non-alcoholic
fatty liver disease (NAFLD). NAFLD can progress into the much more aggressive non-alcoholic
steatohepatitis (NASH), marked by liver inflammation, cirrhosis, and possible liver failure.
Moreover, no standard treatment is available for NASH. These diseases are linked to the
disrupted function of several nuclear receptors (NRs), a group of ligand-regulated transcription
factors that complex with corepressors or coactivators. As a result, therapeutic agents that
activate or inhibit NR signaling represent potential mediators of NAFLD and NASH. Two key
NR corepressors are nuclear receptor corepressor I (NCOR1) and silencing mediator in
retinoid and thyroid hormone receptor (SMRT). Both form the NCOR complex, which plays an
important role in lipid metabolism. This complex contains a conserved repression domain, to
which other protein partners are bound. One crucial protein is class I histone deacetylase 3
(HDAC3), which belongs to a family of histone deacetylases that promote tight chromatin and
thus repressed gene expression. However, the requirement for and function of each member in
the NCOR complex is unclear. We found that HDAC3 knockout (HDAC3 KO) in mouse liver
results in a fatty liver although this phenotype can be rescued by a catalytically inactive
HDAC3. Such a finding calls forth the question about what roles NCOR1 and SMRT have in
this etiology. NCOR1 and SMRT are two highly related proteins that appear to compensate for
each other’s absence, so we simultaneously knocked out both NCOR1 and SMRT in mouse
liver to better understand their repressive regulation of hepatic lipid metabolism. Unlike HDAC3
KO that results in a fatty liver phenotype, NCOR1-SMRT double knock-out (N/S dKO) resulted
in the rapid progression from NAFLD to NASH with inflammation, fibrosis, and liver failure.
However, the exact mechanisms of interactions between NCOR1, SMRT, and HDAC3 in
protecting against fatty liver require greater examination. My project explores the tissue-
specific role HDAC3 plays in lipid metabolism at the transcriptional and translational level. After
studying a liver-specific KO mouse model, we administered a Rosa26-Cre-ER system in
attempt to knock down NCOR1/SMRT in various tissues and observe the effect on HDAC3.
Through qPCR, we observed differential mRNA expression of NCOR complex, lipid
metabolism, and circadian genes. While N/S dKO liver showed NCOR1/SMRT knock-down,
Western blots of N/S dKO brown adipose tissue (BAT) showed successful knock-down of
NCOR1 protein but not SMRT, suggesting the presence of different SMRT isoforms in BAT
compared to liver. We are currently investigating NCOR1, SMRT, and HDAC3 protein levels in
kidney and epididymal white adipose tissue (eWAT). We aim to identify the mechanism behind
HDAC3’s destabilization in the NCOR complex of N/S dKO mice.

Differential expression of HDAC3 in NCOR1F/F SMRTF/F dKO liver and BAT 
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Determine mechanism of HDAC3 degradation in NCOR1F/F SMRTF/F dKO liver 

HDAC3 in NCOR complex represses gene transcription

Gaps in knowledge 
Main Question

Does HDAC3 have a role independent of the NCOR complex?

A. Liver-specific KO model 

D. Rosa26-cre-ER whole-body gene KO model
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Differential expression of HDAC3 in NCOR1F/F SMRTF/F dKO kidney and eWAT
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I. NCOR mRNA levels in N/S dKO kidney
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E. NCOR mRNA levels in N/S dKO liver
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F. NCOR mRNA levels in N/S dKO BAT
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H. Western blot: N/S dKO liver & BATG. Lipid metabolism/circadian gene expression in N/S dKO liver
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Question 1: Is the absence of HDAC3 protein in NCOR1F/F SMRTF/F dKO liver due to proteasomal degradation?
Hypothesis: If HDAC3 protein undergoes proteasomal degradation, then inhibiting degradation by MG132 in NCOR1F/F SMRTF/F dKO liver allows HDAC3 protein to remain.  

College Alumni Society: The Endowed Dean’s Research Award

NCOR1F/F SMRT F/F dKO liver shows dramatic liver phenotype
A. Liver genotypes and phenotypes B. Liver Weight and Triglyceride (TG) Levels C. Western blot of N/S dKO liver
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J. NCOR mRNA levels in N/S dKO eWAT
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