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Supplementary Figure 1. Human pancreatic β cells expression CYP19A1 and SRD5A1-3 in RNA-seq datasets. 

Normalized mRNA expression of (A) CYP19A1 and (B) SRD5A1-3. Left panels represent scatter plots with mean ± SD of 

mRNA expression (counts per million) from FACS sorted β cells (GSE80780), bulk islets (E-MTAB-5060, GSE50244 and 

GSE86468), whole pancreas (HPA-GTEx) and control tissues (sWAT: subcutaneous white adipose tissue, vWAT: visceral 

white adipose tissue, hypothalamus, prostate, ovary, PBMCs: peripheral blood mononuclear cells, and fallopian tubes). 

Right panels represent scatter plot with mean ± SD of mRNA expression (counts per million) from FACS sorted β cells 

from 4 different phenotypes as described in methods, and all 4 β cell phenotypes combined (derived from GSE80780 

denoted in the right panel). (C) Normalized mRNA expression of SRD5A1 in a single-cell mRNA expression atlas of 

pancreatic islets cells (GSE84133). Top panel represents violin plots showing the distribution of data points and probability 

density of their overall expression. The plots are split in two halves, the left half denoting female while the right half denoting 

male expression levels. Bottom panel represents a non-linear multidimensional uniform maximal projection (UMAP) map 

showing expression distribution of SRD5A1 across different cell types in pancreatic islets. (D) Normalized mRNA 

expression of SRD5A1-3 in human pancreatic β cells derived from a single cell mRNA-Seq expression atlas of pancreatic 

islets (GSE84133). Data are represented as violin plots showing distribution of data points and the probability density of 

their overall expression. Information on donor numbers is provided in the methods. 
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Methods for Supplementary Figure 1. 

Supplemental data files containing count information was downloaded from publicly available 

datasets (data were collectively accessed on: 4/27/2020). A description of the raw datafiles and 

their relevant citations is shown in the table below: 

Dataset Identifier Dataset 
Characteristics 

Dataset link Citation Sample 
Number 

GSE80780 FACS sorted 
human β cell 
subtype bulk 
RNAseq 

https://www.ncbi.nlm.nih.gov/g
eo/query/acc.cgi?acc=GSE80
780 

1 n = 5 

E-MTAB-5060 Human Islet bulk 
RNAseq 

https://www.ebi.ac.uk/arrayexp
ress/experiments/E-MTAB-
5060/ 

2 n = 5 

GSE50244 Human Islet bulk 
RNAseq 

https://www.ncbi.nlm.nih.gov/g
eo/query/acc.cgi?acc=GSE50
244 

3-7 n = 89 

GSE86468 Human Islet bulk 
RNAseq 

https://www.ncbi.nlm.nih.gov/g
eo/query/acc.cgi?acc=GSE86
468 

8 n = 24 

HPA-GTEx Human tissue 
bulk RNAseq 

https://www.proteinatlas.org/E
NSG00000137869-
CYP19A1/tissue 
https://www.proteinatlas.org/E
NSG00000145545-
SRD5A1/tissue 
https://www.proteinatlas.org/E
NSG00000277893-
SRD5A2/tissue 
https://www.proteinatlas.org/E
NSG00000128039-SRD5A3 

9-11 n = 7-442 

GSE84133/ 
GSM2230757/ 
GSM2230758/ 
GSM2230759/ 
GSM2230760 

Human islet 
single cell 
RNAseq 

https://www.ncbi.nlm.nih.gov/g
eo/query/acc.cgi?acc=GSE84
133 
https://www.ncbi.nlm.nih.gov/g
eo/query/acc.cgi?acc=GSM22
30757 
https://www.ncbi.nlm.nih.gov/g
eo/query/acc.cgi?acc=GSM22
30758 
https://www.ncbi.nlm.nih.gov/g
eo/query/acc.cgi?acc=GSM22
30759 
https://www.ncbi.nlm.nih.gov/g
eo/query/acc.cgi?acc=GSM22
30760 

12 n = 4 

 

In case of GSE80780, we plotted the bulk RNAseq expression profiles of 4 distinct FACS sorted 

β cell subtypes as identified and described in1. Once downloaded, raw mRNA count files were 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE80780
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE80780
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE80780
https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-5060/
https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-5060/
https://www.ebi.ac.uk/arrayexpress/experiments/E-MTAB-5060/
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE50244
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE50244
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE50244
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE86468
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE86468
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE86468
https://www.proteinatlas.org/ENSG00000137869-CYP19A1/tissue
https://www.proteinatlas.org/ENSG00000137869-CYP19A1/tissue
https://www.proteinatlas.org/ENSG00000137869-CYP19A1/tissue
https://www.proteinatlas.org/ENSG00000145545-SRD5A1/tissue
https://www.proteinatlas.org/ENSG00000145545-SRD5A1/tissue
https://www.proteinatlas.org/ENSG00000145545-SRD5A1/tissue
https://www.proteinatlas.org/ENSG00000277893-SRD5A2/tissue
https://www.proteinatlas.org/ENSG00000277893-SRD5A2/tissue
https://www.proteinatlas.org/ENSG00000277893-SRD5A2/tissue
https://www.proteinatlas.org/ENSG00000128039-SRD5A3
https://www.proteinatlas.org/ENSG00000128039-SRD5A3
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE84133
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE84133
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE84133
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230757
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230757
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230757
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230758
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230758
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230758
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230759
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230759
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230759
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230760
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230760
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM2230760
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converted into counts per million (CPM) using either DESeq2’s13 normalization pipeline (bulk 

RNAseq data) or Seurat v3.1.414,15 (single cell RNAseq data) normalization and integration 

pipeline for CPM using the following R function: 

(GSE84133.integrated <- NormalizeData(GSE84133.integrated, scale.factor = 1e6, assay = 'RNA', 

verbose = TRUE 

In case of the GSE84133, a Wilcoxon t-test was run to evaluate the significance for the mRNA 

expression between males and females. The following code in R was used to perform this 

function: 

# Extract expression matrix for all beta cells 

betacells <- subset(GSE84133.integrated, idents = c("1")) 

# Set cell identity to sample identity 

Idents(object = betacells) <- betacells@meta.data$sample 

# Find if SRD5A1-3 genes are differentially expressed 

beta.integrated.markers <- FindAllMarkers(object = betacells, slot = 'data', test.use = 'wilcox') 

Data was then plotted using either Seurat’s built in VlnPlot function or using GraphPad Prism v8. 
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Supplementary Figure 2. Expression of SRD5A2 and SRD5A3 in human islets. IHC staining 
of SRD5A1 and SRD5A3 (red), insulin (green) and glucagon (blue) in pancreas sections from 
male and female non-diabetic human donors. Representative images are shown.  
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Supplementary Figure 3. Inhibition of SRD5A1, not SRD5A2 or 3 prevents testosterone-
induced amplification of GSIS. GSIS measured in static incubation in human islets treated with 
vehicle, T (10nM), finasteride (F, 100nM) or dutasteride (D, 100nM), or both D +F, and DHT 
(10nM). The mean ± SEM and scatter plot of technical quadriplicates from one male and one 
female donors are shown. *P < 0.05, **P < 0.01, ***P < 0.001.  

Donor characteristics are as follows 

 HP-20066-01: 
 

1. Non-diabetic 
2. 60 yo 
3. Female 
4. Caucasian 
5. 61” height 
6. 139lbs weight 
7. 25.8 BMI 
8. Stroke COD 
9. 5.1% HbA1c 

 

 HP-20071-01: 

1. Non-diabetic 
2. 42 yo 
3. Male 
4. Caucasian 
5. 75” height 
6. 224 lbs weight 
7. 28.1 BMI 
8. Head trauma COD 
9. 4.9% HbA1c 
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Supplementary method for UHPLC-MS/MS  

Both the assay for the androgen panel and the assay for E2 were validated according to industry 

standard (Guidance for industry. Bioanalytical method validation. US Department of Health and 

Human Services. Food and Drug Administration, Centre for Drug Evaluation and Research 

(CDER) and Centre for Veterinary Medicine (CVM), 2018).  

For the androgen assay multiplexing testosterone, 5α-dihydrotestosterone (DHT), 

androstenedione (A4), 5α-androstanedione (A-dione) and 5α-androsterone (An), the bias 

between nominal and measured concentrations (representing accuracy) assessed at three 

different concentrations was between +12 and -12% for all analytes. The coefficient of variation 

(%CV) for either the intra- or inter-assay imprecision, assessed for pooled biological samples and 

for matrix-matched samples, spiked at three different concentrations and did not exceed 8% for 

all analytes except androstenedione, for which it was <22%. Matrix effects were within ± 20% 

across 6 samples for all analytes. Limits of quantifications were 0.24 nM for T, 2.8 nM for A4, 0.24 

nM for DHT, 0.8 nM Adione and 0.8 nM for An. 

For the E2 assay, the bias between nominal and measured concentrations (representing 

accuracy) was no greater than 8% for all 5 concentrations assessed. The coefficient of variation 

(%CV) did not exceed 7% for either the intra- or inter-assay imprecision at 5 different 

concentrations and for pooled biological samples. The assay had a mean recovery of 113% for 

three different concentrations assessed. The mean matrix effect across 6 samples and 3 

concentrations was -12%. The limit of quantification was 10 pM and the limit of detection was 

5pM. Comparison using patient serum samples against a previously published version of this 

assay (Owen LJ et al., Ann Clin Biochem 2014;51:360-367) showed a difference of -0.11%. The 

assay has been accredited against ISO 15189.     

Note that we report only concentrations that are above the lower limit of quantification (LLOQ), 

which is the lowest concentration that can still be reliably quantified with precision (CV <20%) and 

accuracy (bias within +/-20%). This is assessed during assay validation by measuring replicate 

samples of low concentrations.  

We have applied our UHPLC-MS/MS assay in previous studies investigating steroid metabolism 

in other human peripheral tissues ex-vivo similar to the investigations we present here for human 

pancreatic islets. Our previous studies using this assay included ovarian follicles (Lebbe M et al., 

Endocrinology 2017, 158:1474-1485), subcutaneous adipose tissue (Markey K et al., Brain 

Communications 2020, 2(10), fcz050, https://doi.org/10.1093/braincomms/fcz050) and adrenal 

and gonadal tissue (Reisch N, Taylor AE et al., Proc Natl Acad Sci U S A. 2019 Oct 

29;116(44):22294-22299). This information is provided in the revised Supplementary method 

section. 
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