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ABSTRACT 

The recurrent coronavirus outbreaks in China (SARS-CoV and its relative, 

SARS-CoV-2) raise the possibility that Asians are more susceptible to coronavirus. 

Here, we test this possibility with the lung expression of ACE2, which encodes the 

cell-entry receptor of both SARS-CoV and SARS-CoV-2. We show that ACE2 

expression is not affected during tumorigenesis, suggesting that the transcriptome data 

from the more than 1000 lung cancer samples in The Cancer Genome Atlas (TCGA) 

can be used to study ACE2 expression among people without cancer. The expression 

of ACE2 increases with age, but is not associated with sex. Asians show a similar 

ACE2 expression to other races. Furthermore, the frequencies of ACE2 alleles in 

Asians are not significantly deviated from those in other races. These observations 

indicate that individuals of all races need the same level of personal protection against 

SARS-CoV-2. 
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INTRODUCTION 

The epidemic caused by SARS-CoV-2 has led to significant illnesses and deaths 

and has been designated a global health emergency by the World Health Organization. 

It is clear that SARS-CoV-2 is a close relative of SARS-CoV (Xu et al., 2020), which 

has caused severe acute respiratory syndrome in 2003. However, the demographic 

factors that predict the susceptibility to these coronaviruses among individuals remain 

poorly understood. In particular, since both SARS-CoV and SARS-CoV-2 epidemics 

broke out from China, a possibility has been raised that East Asians are more 

susceptible to these coronaviruses (Zhao et al., 2020).  

SARS-CoV enters cells through ACE2 (Kuba et al., 2005; Li et al., 2003), whose 

native function is to play a role in the renin-angiotensin system (Donoghue et al., 

2000). Susceptibility to SARS-CoV was associated with ACE2 expression among 

cells (Hofmann et al., 2004; Jia et al., 2005). Overexpressing ACE2 in cell lines 

promoted efficient replication of SARS-CoV while neutralizing ACE2 by antibodies 

inhibited viral replication in a dose-dependent manner (Li et al., 2003). Furthermore, 

ACE2 expression was detected in the alveolar epithelial cells (Hamming et al., 2004), 

which were the primary target of SARS-CoV in the lung (Kuiken et al., 2003); 

knocking-out ACE2 in mice suppressed SARS-CoV infection in the lung (Kuba et al., 

2005). ACE2 is also used by SARS-CoV-2 to enter cells. The spike protein of SARS-

CoV-2 had a strong binding affinity with ACE2 based on structural modeling (Xu et 

al., 2020). Furthermore, HeLa cells were infected by SARS-CoV-2 only when ACE2 

was expressed (Zhou et al., 2020). Collectively, ACE2 expression in lung cells is 

likely by far one of the most reliable indicators of the susceptibility to SARS-CoV and 

SARS-CoV-2 among individuals.  

The genotype-tissue expression (GTEx) project failed to identify any quantitative 

trait loci for ACE2 expression or any Asian-biased gene expressions in the lung (Mele 

et al., 2015), probably due to the small number of samples from Asians (1.3% of all 

samples). In contrast, there are thousands of lung samples from individuals of various 
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ages, sexes, and races in TCGA and other cancer genomics studies. In this study, we 

investigate the demographic determinants of ACE2 expression from the cancer 

transcriptome data. We show that ACE2 expression is not affected during 

tumorigenesis and that Asians do not have higher ACE2 expression than other races. 

Furthermore, Asians do not have any unique ACE2 genetic polymorphisms. The 

results of this study can help develop global protection strategies against SARS-CoV-

2. 

RESULTS AND DISCUSSION 

TCGA includes lung transcriptomes of two cancer types: lung adenocarcinoma 

(LUAD) and lung squamous cell carcinoma (LUSC). We focused on the 594 LUAD 

samples in this study since LUAD is more likely to stem from alveolar cells (Lin et 

al., 2012; Xu et al., 2012) and more highly expresses ACE2 (P = 0.001, the two-tailed 

Mann-Whitney U test). The expression level of ACE2 was similar between primary 

tumors and solid normal tissues (Figure S1A–B) and was not associated with survival 

probability or pathologic stage (Figure S1C–D), indicating that ACE2 expression is 

not affected during tumorigenesis. In fact, the expression level of ACE2 in primary 

tumor samples genuinely reflected that in the adjacent normal tissues across 19 cancer 

types in TCGA (Pearson’s correlation coefficient R = 0.8, P = 3×10−5, Figure S1E 

and Table S1). Therefore, the transcriptome data from LUAD samples can be used to 

study ACE2 expression among cancer-free individuals. However, there were only 

seven Asian LUAD samples in TCGA; to solve this problem, we expand the sample 

size of Asians by including 260 Chinese LUAD transcriptomes (Chen et al., 2020a). 

The ACE2 expression was positively correlated with age among middle-aged and 

older adults in LUAD samples (Pearson’s correlation coefficient R = 0.13, P = 

2×10−4, N = 835, Figure 1A), increasing by ~ 1.2 times with every 10-year increase in 

age. This may partly explain the observation that the elderly are more susceptible to 

SARS-CoV-2 (Chen et al., 2020b; Huang et al., 2020; Li et al., 2020). Sex was not 

associated with ACE2 expression (P = 0.24, the two-tailed Mann-Whitney U test, 
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Figure 1B); the observation that more males were infected by SARS-CoV-2 in the 

epidemic (Chen et al., 2020b; Huang et al., 2020; Li et al., 2020; Yang et al., 2020) 

could be caused by their more exposure to viruses due to occupation or lifestyle.  

The average expression level of ACE2 among Asians was not significantly 

different from that among individuals of African or European ancestry (hereinafter 

referred to as African and European, P = 0.42 and 0.96, respectively, the two-tailed 

Mann-Whitney U tests, Figure 1C). Such absence of difference held in a linear model 

that predicted ACE2 expression from multiple demographic factors including age, sex, 

and race (Table S2); the variance in the log2-transformed ACE2 expression level 

among all LUAD samples was 3.53 (i.e., standard deviation = 1.88), and race 

explained only ~ 0.1% of it (P = 0.64, the analysis of variance). This observation 

refutes the previous finding using a single Asian sample (Zhao et al., 2020). 

There are some caveats in this study, though. First, we have been focusing on 

ACE2 expression in the lung, but ACE2 is expressed in other tissues/organs as well 

(Figure S2), especially in the gastrointestinal tract and kidney. These organs were also 

reported to be infected by SARS-CoV (Gu et al., 2005), and SARS-CoV-2 was 

detected from patients’ stool (Holshue et al., 2020). With that in mind, we further 

tested if Asians expressed ACE2 at a higher level in other cancer types; ACE2 was 

similarly expressed between Asians and others in all these cancer types with ACE2 

expression higher than LUAD (Figure 2). Nevertheless, we could not rule out the 

possibility that ACE2 expresses at a higher level in Asians in some other 

tissues/organs. Second, we have been focusing on gene expression level, but Asian-

specific genetic variation in the coding sequence of ACE2 may also affect the cell-

entry efficiency of viruses. To test this possibility we retrieved all genetic variation 

data of ACE2 from the 1000 Genomes Project (The 1000 Genomes Project 

Consortium, 2015). All the 22 missense or stop-gained variations were present at a 

low frequency in East Asians (< 1%, Figure 3). Other variants (N = 690, Table S3) 

are mostly located in introns, and the frequencies of them in East Asians did not show 

a significant deviation from those in all populations; among the 37 polymorphisms 
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with the alternate allele frequency > 10% in East Asians, none was two times as 

frequent as in all populations (Figure 3). Yet it is still plausible that genetic variations 

in other genes may affect the modification, folding, or subcellular localization of 

ACE2 in trans. Third, we have been focusing on the mRNA level; future 

investigations are required to determine if difference among races exists at the ACE2 

protein level. While ACE2 protein levels are largely correlated with mRNA levels 

among tissues (https://www.proteinatlas.org/ENSG00000130234-ACE2/tissue) 

(Uhlen et al., 2015), whether these ACE2 proteins are located on the cell membrane 

remains unclear. It would also be of importance to investigate if co-receptors of 

SARS-Cov or SARS-CoV-2 exist and if their abundance varies among races. 

Based on the available data, we conclude that Asians do not express ACE2 at a 

higher level and do not bear unique genetic polymorphisms in ACE2. The recurrent 

coronavirus outbreaks in China may be better explained by the high diversity of 

coronaviruses and their animal hosts, as well as the Chinese food culture (Fan et al., 

2019). We, therefore, caution any use of race to predict the susceptibility to SARS-

CoV-2 among individuals; individuals of all races require the same level of personal 

protection against SARS-CoV-2. 

METHODS 

All available level-3 RNA-seq data and clinical data of LUAD and LUSC 

samples in TCGA were retrieved from https://www.cancer.gov/tcga. The RNA-seq 

data were in the unit of FPKM-UQ (fragments per kilobase of transcript per million 

mapped reads of the upper quartile gene). Transcriptomes of additional Asian samples 

(Chen et al., 2020a) were retrieved from OncoSG (https://src.gisapps.org/OncoSG/) 

under dataset Lung Adenocarcinoma (GIS, 2019); FPKM-UQ was calculated from the 

numbers of reads mapped to individual genes. FPKM-UQ values of expressed genes 

were globally higher in the data from OncoSG (Figure S3A), and therefore, median 

normalization was further performed to ensure that expression levels from two 

sources are comparable (Figure S3B). The annotation of clinical information for each 

sample and the statistical analyses were performed with in-house R scripts. The 
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Kaplan-Meier curves were generated with UCSC Xena (http://xena.ucsc.edu) 

(Goldman et al., 2019). The gene expression levels of ACE2 across cancer types were 

also downloaded from UCSC Xena. 

The genetic variation data of ACE2 were retrieved from the 1000 Genomes 

Project (The 1000 Genomes Project Consortium, 2015) at the National Center for 

Biotechnology Information 

(https://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/). The allele frequencies 

among East Asians were calculated from samples from Chinese Dai in 

Xishuangbanna, Han Chinese in Beijing, Southern Han Chinese, Japanese in Tokyo, 

and Kinh in Ho Chi Minh City. The annotation of the locations or types of variants 

was retrieved from the Ensembl Genome Browser 

(https://www.ensembl.org/index.html). 

Code availability. All codes used to analyze the data and to generate the figures 

are available at https://github.com/YingChen10/ACE2-Expression.  
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FIGURES 

 

 

 

Figure 1. The expression of ACE2 is associated with age, but not sex or race, 

among LUAD samples. 

(A) Relationship between age and ACE2 expression level. Pearson’s correlation 

coefficient (R) and the corresponding P-value are shown.  

(B) Comparison of ACE2 expression between sexes. P-value is calculated with a two-

tailed Mann-Whitney U test.  

(C) Comparison of ACE2 expression among races. P-values are calculated with two-

tailed Mann-Whitney U tests. The single sample of American Indian or Alaska Native 

was not shown. 

 

 

 

 

Figure 2. Comparison of ACE2 expression between Asians and other races among 

cancer types. Seven cancer types with ACE2 expression higher than LUAD are shown. 

P-values are calculated with the two-tailed Mann-Whitney U tests. The full names of 

cancer types can be found in Table S1. Outliers are not shown for the boxplots. 
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Figure 3. Allele frequencies of the genetic variants of ACE2 collected by the 1000 

Genomes Project, in East Asians (y-axis) or in all populations (x-axis). Each dot 

represents a polymorphic site, and the frequency of the alternate allele is shown. Only 

dimorphic genetic variations are shown. Detailed information is provided in Table S3. 
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SUPPLEMENTARY INFORMATION  

 

Figure S1. The expression of ACE2 in primary lung tumors can reflect that in normal 

lung tissues.  

 

Figure S2. The ACE2 expression among tissues and between sexes. 

 

Figure S3. Distribution of the expression level among genes within a sample, before (A) 

and after (B) median normalization. 

 

Table S1. The median expression level of ACE2 (log2(FPKM-UQ + 1)) among cancer 

types. 

 

Table S2. A linear model that predicts ACE2 expression among LUAD samples from 

the race, age, and sex. 

 

Table S3. Variations of ACE2 on human genome assembly GRCh37.  
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