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Supplementary Figure S1 

Figure S1. Proliferation of breast cancer cell lines with hormone treatments. A) T47D, UCD4, 

and UCD65 cells labeled with nuclear GFP were plated in 96 well plated and treated with Vehicle 

(Veh), E2 (10 nM), R5020 (R5, 10 nM), or the combination (10 nm each) and monitored for green 

object counts (cell number) using the Incucyte Live Cell Imaging system (Sartorius). B) Cell 

proliferation plotted at 24 h timepoint. N=6−12 per cell line/hormone condition, mean fold change 

over vehicle ± SEM are indicated. Two-way ANOVA/Tukey multiple comparisons are indicated 
where P<0.05. * p < 0.05, ** p < 0.01, **** p < 0.0001 for the indicated comparisons using one-way 
ANOVA. 



Supplementary Figure S2 

 

Figure S2. Steroid hormones increase global metabolites in UCD65 breast cancer cell lines. Un-

targeted metabolomics were conducted on UCD65 cells treated with estradiol (E2, 10nM), 

promegesterone (R5, 10nM), combination (E2+R5, 10nM/10nM), or ethanol (Veh) for 24 h. Data was 

normalized to total protein per sample, log transformed, and auto-scaled in Metaboanalyst. A) Par-

tial Least Squares Discriminant Analysis (PLS-DA) scores plot of total metabolites detected in 

UCD65 cells with hormone treatment. Shaded regions represent 95% confidence region. B) Direc-

tional summary of metabolites for UCD65 cell samples within each hormone treatment. Decreased 

and increased metabolites were determined by a negative or positive fold change value from vehicle 

samples, respectively. C) Heatmap of top 25 metabolites of hormone treated UCD65 cells by 

ANOVA multiple comparisons. Samples were averaged by treatment (n=4) and Euclidean distance 

measure and Ward clustering methods were used to generate heatmaps. 



Supplementary Figure S3. 

 

Figure S3. Metabolite enrichment analysis of UCD65 cells. Metabolomics samples 

for each hormone treatment using a positive 1.2−fold change cutoff from vehicle. Bar 

charts generated using enrichment over representation analysis feature and SMPDB me-

tabolite data base on Metaboanalyst. Enrichment ratio is calculated by Hits / Expected, 

where hits = observed hits; expected = expected hits. 



Supplementary Figure S4 

 

Figure S4. Steroid hormones alter mitochondrial morphology and length in UCD65 cells and UCD4 

tumors. A) Cultured UCD65 cells treated with estradiol (E2, 10nM), promegesterone (R5, 10nM), 

combination (E2+R5, 10nM/10nM), or ethanol (vehicle) for 24 h were fixed, sectioned, and imaged 

using transmission electron microscopy. A representative image set is presented for each cell line 

and treatment (top). B) UCD4 xenograft tumors (2) from mice implanted hormone pellets containing 

E2 alone or E2+P4. A representative image set is presented for each tumor and treatment (top). C) 

Quantitation of mitochondrial length in UCD65 cells was measured along the longest axis in Fiji in 

>200 mitochondria across 10-14 fields per treatment. Histograms represent mitochondrial length 

corresponding to 100-nm bins. UCD65 cells, mode: Veh, E2+R5, R5 = 300 nm; E2 = 400 nm. D) 



Quantitation of mitochondrial length in UCD4 tumors (individual tumors plotted separately) was 

measured and plotted as in C. UCD4 tumors, mode: E2+P4 tumor 1, 300; E2+P4 tumor 2, E2 tumor 

1 = 400 nm; E2 tumor 2 = 500 nm. *P <0.05, **P <0.01, ***P <0.001 for the indicated comparisons using 

Kolmogorov-Smirnov test for frequency distributions comparing hormone treatments. E) Mito-

Timer: Representative fields from laser scanning confocal images taken at 10X magnification on 

T47D cells stably transduced with the doxycycline-inducible MitoTimer construct. Cells were 

pulsed with doxycycline for 1 h washed, treated with hormone for 48 h pulsed with Dox again, 

washout, and a final 24 h hormone treatment. Cells were fixed in 4% paraformaldehyde and imaged 

on an Olympus BX40 microscope at 10X magnification. F) Schematic of MitoTimer fluorescence over 

time with Dox pulses. G) Ratios of green to red fluorescent signal are shown and represent mean ± 

SEM of across 10 fields per treatment. Number of cells analyzed were vehicle (243), E2 (305), R5 

(240), and E2+R5 (239). Data were log transformed to control for unequal variance, then analyzed 

by one-way ANOVA.  



Supplementary Figure S5 

 

Figure S5. Progestin treatment increases total glycerolipids compared to vehicle in T47D cells. A) 

PLSDA scores plots of T47D lipidomic samples stratified by vehicle or promegesterone (R5, 10nM) 

treatment 24 h. Shaded areas indicate 95% confidence regions. B) Hierarchical clustering heatmaps 

of top 25 significant lipid analytes in T47D samples. Heatmaps were generated using Euclidean dis-

tance measure and Ward clustering method. Lipidomics data was normalized to protein per sample, 

log transformed, and auto-scaled in Metaboanalyst. C) Enrichment analysis of categorical annota-

tions using MBROLE 2.0. 

  



Supplementary Table S1 - Metabolite Enrichment Tables 

 

Table S1. T47D and UCD4 Metabolite Enrichment Tables. Metabolite Enrichment Analysis for 

each hormone treatment using a positive 1.2−fold change cutoff from vehicle in T47D and UCD4 

cells. Tables generated using enrichment over representation analysis feature and SMPDB metabo-

lite data base on Metaboanalyst. Enrichment ratio is calculated by Hits / Expected, where hits = 

observed hits; expected = expected hits. 



Supplementary Table S2 - ORA Tables 

 

Table S2. T47D and UCD4 RNA-seq ORA Tables. Over-representation upregulated pathway anal-

ysis (ORA) tables on T47D and UCD4 cells for each hormone treatment compared against vehicle. 

Tables generated in CU Anschutz Genomics Core Shiny App using the molecular signatures data 

base (MSigDB) hallmark gene set collection. 




