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FIGURE 3 | Associations of ACE2 expression and immune signatures with the expression of sex hormone receptor genes. (A) Expression correlations between
estrogen receptors (ESR1 and ESR2) and androgen receptor (AR) genes and ACE2. (B,C) Correlations between the enrichment levels of immune cells and the
expression levels of estrogen and androgen receptor genes in pan-tissue and in multiple individual tissues. The correlation coefficient (r) and the P-value of Pearson’s
correlation test are shown. *P < 0.05, **P < 0.01, and ***P < 0.001.
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FIGURE 4 | ACE2 expression in SARS-CoV-2-infected tissues. (A) Comparisons of ACE2 expression levels between SARS-CoV-2-infected males and females and
between healthy males and females. (B) KEGG pathways highly enriched in SARS-CoV-2-infected males relative to females identified by GSEA (Subramanian et al.,
2005). The immune-related pathways are highlighted in blue. (C) Comparisons of ACE2 expression levels between SARS-CoV-2-infected and normal tissues. FC:
fold change of mean ACE2 expression levels.
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FIGURE 5 | A potential mechanism underlying the significantly different clinical outcomes of SARS-CoV-2 infections between females and males.

METHODS

Datasets
From the GTEx Project1, we downloaded the gene expression
profiles (RNA-Seq, TPM normalized) in 30 different human
tissues. All gene expression values were added to 1 and then
log2-transformed before subsequent analyses. From the NCBI
Gene Expression Omnibus database2, we downloaded the gene
expression profiles in SARS-CoV-2-infected human tissues from
nasopharyngeal swabs. A summary of these datasets is presented
in Supplementary Table 5.

Gene-Set Enrichment Analysis
We performed pathway analyses of the differentially expressed
genes between the high-ACE2-expression-level (upper third)
and the low-ACE2-expression-level (bottom third) samples in
pan-tissue. The differentially expressed genes were identified

1https://www.gtexportal.org/home/datasets/
2https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE152075

by Student’s t-test using a threshold of FDR < 0.05 and
FC > 2. The FDR represented the adjusted P-value calculated
by the Benjamini and Hochberg method (Benjamini and
Hochberg, 1995). Based on the differentially expressed genes,
we identified the KEGG (Kanehisa et al., 2017) pathways
highly enriched in both groups using GSEA (Subramanian
et al., 2005) with a threshold of FDR < 0.05. We used
WGCNA (Langfelder and Horvath, 2008) to identify the gene
modules (GO) highly enriched in the high-ACE2-expression-
level and the low-ACE2-expression-level samples in pan-tissue.
We performed the WGCNA analysis using the R package
“WGCNA” (version 1.68).

Evaluation of the Immune Cell
Enrichment Levels in Tissue
We determined the enrichment level of an immune signature in
a sample as the mean expression level of the immune signature’s
marker genes. Three immune signatures were analyzed, including
B cells, CD8 + T cells, and NK cells. The marker genes of these
immune cells are presented in Supplementary Table 6.
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Statistical Analysis
We used Pearson’s correlation test to calculate the expression
correlations between ACE2 and other genes in pan-tissue and
the correlations between the expression levels of sex hormone
receptor genes (ESR1, ESR2, andAR) and the enrichment levels of
immune cells (B cells, CD8+ T cells, and NK cells) in pan-tissue
and 30 individual tissues. We compared ACE2 expression levels
in SARS-CoV-2-infected and normal tissues between males and
females and between SARS-CoV-2-infected and normal tissues
using DESeq2 (Anders and Huber, 2010).
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correlation with ACE2 in male pan-tissue.
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