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 AR antagonism inhibits ER-mutant BC cell growth, OXPHOS and FAO, and promotes 
palmitate lipotoxicity

 Enzalutamide does not broadly inhibit OXPHOS-promoting transcriptional programs, 
but inhibits expression of key metabolic enzymes including carnitine O-
acetyltransferase (CRAT)

 AR antagonism dysregulates ER-mutant acylcarnitine metabolism
 AR antagonism may offer tumor cell-specific OXPHOS inhibition in ER-mutant BC
 Future directions:
 Does enzalutamide inhibit ER-mutant BC metastasis in vivo?
 Would ketogenic diet requiring mitochondrial ketolysis increase enzalutamide 

efficacy?
 Does CRAT downregulation lead to overabundance of acylcarnitines?
 Is CRAT downregulation sufficient for enzalutamide-mediated OXPHOS inhibition?
 Is CRAT expression downregulated in enzalutamide-treated BC patient samples?
 Does dysregulated acylcarnitine or polyunsaturated fatty acid abundance cause 

increased cell death?

Conclusions and Future Directions

 Breast cancer (BC) is the most common cancer in women and 70% of tumors are 
estrogen receptor alpha positive (ER+).

 Surgery and 5-10 years of adjuvant aromatase inhibitor (AI) therapy are standard-of-
care treatment for ER+ BC in postmenopausal women.

 AI therapy effectively blocks the enzyme aromatase in adipocytes from converting 
androgens to estrogens but inadvertently increases androgens.

 Under the selective pressure of AI-induced long-term estrogen deprivation (LTED) 
mutations arise in the ligand binding domain of ER (most commonly at residues Y537 
or D538) that confer constitutive transcriptional activity. LTED also leads to increased 
androgen receptors (AR) levels in ER-mutant BC cells (Williams MM Ca Res 2021) 
and OXPHOS capacity/reliance.

 Common metastatic sites for ER+ BC such as liver and lung, have high levels of the  
saturated fatty acid palmitate that tumor cells resist via increased FAO (Altea-
Manzano Nat Can 2023).

Introduction

AR promotes mitochondrial OXPHOS and FAO to support 
tumor energetics and resist palmitate lipotoxicity in ER-
mutant BC  

Hypothesis

• ER+ MCF7 and T47D cell lines with heterozygous CRISPR knock-in of ER Y537S or 
D538G mutations were cultured for >6 months in phenol red-free media with dextran 
charcoal-stripped FBS supplemented with 1 nM DHT (LTED+DHT) to simulate the 
hormonal milieu of postmenopausal women on AI therapy.

• AR knockdown achieved by shRNA or inhibited pharmacologically via antagonist 
enzalutamide (30 uM) 

• OXPHOS and FAO assessed by Seahorse FAO assay measuring mitochondrial 
oxygen consumption rate (OCR)

• FAO OCR inhibition assayed using the CPT1A inhibitor etomoxir
• Mitochondrial OXPHOS of other fuel sources calculated by OCRDMSO-OCREtomoxir

Methods

AR antagonism inhibits ER-mutant OXPHOS and FAO 
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Figure 2. A/D/F: Seahorse fatty acid oxidation assay oxygen consumption rate (OCR) curves demonstrating mean ± SEM. 
B/E/G: Maximal mitochondrial OCR (left) and substrate-specific OCR (right). “FAO” OCR calculated as average decrease 
in OCR under etomoxir treatment in a given sample. “Other” OCR is average of remaining OCR under etomoxir treatment. 
One-way ANOVA + Sidak’s test. C: Western blot confirmation of acute AR knockdown in MCF7 Y537S cells. N=7-12 per 
condition. 
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AR antagonism inhibits adherent ER-mutant BC growth

Figure 1. IncuCyte measurement of cell confluence over five days relative to day 0 in MCF7 or T47D ER Y537S or D538G 
mutant BC cells in LTED+DHT plus enzalutamide (30 uM) versus vehicle (DMSO) or AR knockdown. A/B = mean ± SEM 
of n=3 independent experiments. C = mean ± SD of n=6 six technical replicates and is representative of two independent 
experiments. Western blot of AR protein in control and AR KD cells.  
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AR antagonism dysregulates acylcarnitine metabolism 

Figure 5. A. High Throughput Global Metabolomics-derived Z-score heatmap of differentially abundant metabolites in 
DMSO- versus enzalutamide-treated MCF7 Y537S cells. B. Volcano plot of metabolites metabolomics. C. Kaplan-Meier 
plot of overall survival versus time in breast cancer patients with high versus low CRAT protein expression (median split, 
Tang Gen Med 2018 Database). 

A B C

AR antagonism promotes palmitate lipotoxicity and inhibits 
OXPHOS-dependent cell growth 

Figure 3. A: CellTOX viability of DMSO- or enzalutamide-treated ER-mutant MCF7 cells after 24-hour BSA or BSA-
palmitate treatment (200 uM). N=6 independent experiments. One-way ANOVA + Sidak’s test. 
B: Western blot of PARP and cleaved PARP in DMSO- or enzalutamide-treated ER-mutant MCF7 cells treated with BSA or 
BSA-palmitate for 24 hours. C: DMSO- or enzalutamide-treated ER-mutant MCF7 cell growth in media with 5 mM 
acetoacetate and no glucose measured by Incucyte. Mean ± SD of 6 technical replicates. Representative of two 
independent experiments. 
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AR promotes carnitine O-acetyltransferase expression

Figure 4. A: RNAseq-derived Z-score heatmap of differentially expressed genes in DMSO- versus enzalutamide-treated 
MCF7 Y537S cells. B: Volcano plot of gene expression from (A). C: Enzymatic reaction and general functions of CRAT. 
D/E: qPCR measurement of CRAT mRNA transcript (D) or Western blot measurement of protein (E) expression in DMSO- 
or enzalutamide-treated ER-mutant MCF7 cells. N=3, two-tailed Student’s T-test. F: Western blot of AR and CRAT 
expression in attached or suspension cultured MCF7 Y537S cells with acute AR knockdown (C=control,15/17=AR-
targeting).
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Carnitine O-acetyltransferase (CRAT) functions:
1) Buffer mitochondrial OXPHOS-inhibitory acetyl-CoA
2) Prevent hyperacetylation of mitochondrial matrix proteins
3) Branched-chain amino acid and ketone body catabolism
4) Regenerate CoASH
5) Acetyl transport to nucleus for histone acetylation
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