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ESRRA & HNF4 Show Common Binding SitesEvidence For HNF4-ESRRA Partnership

Esrra Related Genes Show Downregulation in Hnf4 Knockout 

Hnf4 Knockout Shows Decreased Fat Storage

Expression of genes significantly downregulated in EsrraKO shown in Hnf4𝜶𝜸DKO: A) RNA-
seq data of Wild-Type (WT) and Hnf4𝛼𝛾DKO intestinal epithelium  (n=3 replicates per 
condition) was used. Genes found to be significantly downregulated in EsrraKO [2]. were 
selected and RNA-seq data was plotted using heatmapper.ca. (*) indicates significance with 
a p <.05. Data shows significant downregulation in genes related to fat metabolism

A) Timeline of the diet experiment: Four genotypes (WT, Hnf4αKO, Hnf4γKO, and Hnf4αKOγ+/-), 
with one mouse of each genotype on each diet (n=3 per genotype) were used. Mice were 
kept on the diet for approximately 10 weeks before being harvested. Mice were injected with 
Tamoxifen (50mg/kg body weight/day) on four successive days at the start of the experiment 
to generate Hnf4αKO. The high fat diet used is 60% fat, 20% protein, and 20% carbohydrate. 
The  control diet used is 10% fat, 20% protein, and 70% carbohydrate. Percentages are given 
by percentage of calories. The diets were started on the same day as the first Tamoxifen 
treatment. B) Mutant genotypes show a decrease in white fat storage:  20X images of white 
adipose tissue from mice on control and high fat diets. Hematoxylin & Eosin staining is used 
to show morphology, and it stains the membranes a purple color. Comparisons between 
control and high fat diet tissues were made based upon the size of each membrane. Effects of 
genotype were exacerbated through use of the high fat diet.  
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Background

Future Directions

The Hepatocyte Nuclear Factor 4 (HNF4) family of transcription factors is comprised of 
two paralogs, Hnf4α and Hnf4γ.

- Hnf4α is expressed in the intestinal epithelium, kidney, and liver.
- Hnf4γ is expressed in the intestine and is genetically redundant to Hnf4α.

The Estrogen Related Receptor (Esrr) family of protein domains is comprised of Esrra, 
Esrrb, and Esrrg [1]

- Esrra transcriptionally regulates genes involved in cellular metabolism and 
thermogenesis: Oxidative phosphorylation, the citric acid cycle, fatty acid beta-
oxidation (FAO), and glucose and lipid metabolism. 

- Esrra is expressed in  the liver, heart, kidney, adipose tissue, and intestine

- Generation and subsequent study  of an Hnf4KO ; EsrraKO can show the effect of 
the relationship between these two genes 

- Hnf4KO ;EsrraKO mice can be used to generate RNA-Seq and ChIP-seq data. 
Differences not seen in individual Hnf4KO, EsrraKO , or Wild-Type samples of data 
will reveal genes specifically regulated by the HNF4 and ESRRA complex

- Studies can be expanded to other tissues
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HNF4 and ESRRA factors bind together and regulate certain binding sites: A) Transcription 
factor binding motifs enriched at HNF4 or ESRRA ChIP-seq regions are enriched with the 
other factor’s motif, suggesting they co-bind common enhancer regions. (duodenum, n=1 
each, based upon sites at MACS p<1e-5. All motif values were calculated using HOMER with 
p<1e-31) B) Co-IP data using HNF4 antibodies pulls down ESRRA peptide fragments (n=2 
replicates, duodenum) C) Example of the Cut&Run assay using either ESRRA or HNF4A 
antibodies. Shows robust enrichment at genes involved in FAO.

Hnf4 and Esrra may coregulate metabolic processes such as lipid metabolism
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Common Binding Sites Show Function in Metabolic 
Processes: A) Liver ESRRA and HNF4 ChIP-Seq data was 
analyzed using GALAXY. The Intersect function was used to 
generate common binding sites. This data was analyzed using 
GREAT (Single Nearest Gene, 10kb) to generate a gene list, 
which was further analyzed with DAVID to generate GO 
terms. Results suggest that ESRRA and HNF4 both bind genes 
related to lipid metabolism. 
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ChIP-seq and RNA-seq data have been deposited in the NCBI 
Gene Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo/) 
under the accession numbers:
- Liver ChIP-Seq: GSE43638
- Intestinal HNF4 ChIP-Seq: GSE112946
- Intestinal RNA-seq: GSE112946
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