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Background: Cancer patients are more vulnerable to severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection than the general population, with lung epithelial cells 
or enterocytes being the main targets. However, the expressions of SARS-CoV-2 entry- 
related genes in aerodigestive cancers have not been fully elucidated.
Methods: In this study, the expressions of SARS-CoV-2 receptors and cofactors, including 
angiotensin I-converting enzyme 2 (ACE2), basigin (BSG) and transmembrane serine pro-
tease 2 (TMPRSS2), were comprehensively assessed. We compared BSG and TMPRSS2 
expressions between aerodigestive cancers and matched normal tissues through Gene 
Expression Profiling Interactive Analysis 2 (GEPIA2). Furthermore, expressions in healthy 
colon tissues at different anatomical locations were explored using the Genotype-Tissue 
Expression (GTEx) dataset. In addition, expressions among different tumor stages and the 
prognostic values were detected through GEPIA2. Moreover, the correlation between gene 
expression and immune infiltration was explored via Tumor Immune Estimation Resource 
(TIMER). Finally, expressions in primary colorectal cancer (CRC), lung metastasis and liver 
metastasis were investigated using the Gene Expression Omnibus (GEO) dataset GSE41258.
Results: Similar to ACE2, TMPRSS2 and BSG were also highly expressed in the digestive 
tracts. Intriguingly, BSG/TMPRSS2 expression in adjacent normal colon tissue or lung tissue 
was higher than that in corresponding healthy tissue, whereas they varied not among different 
tumor stages and correlated not with prognosis in aerodigestive cancers. Moreover, ACE2 was 
expressed at higher levels in lung metastases from CRC than in normal lung tissues.
Conclusion: SARS-CoV-2 entry genes were highly expressed in CRC, and we reported for 
the first time higher expression of ACE2 in lung metastases from CRC than in normal lung, 
indicating that these patients may be more susceptible to extrapulmonary or pulmonary 
SARS-CoV-2 infection. Since our study is a bioinformatic analysis, further experimental 
evidences and clinical data are urgently needed.
Keywords: ACE2, BSG, TMPRSS2, COVID-19, aerodigestive cancers

Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the cause of 
coronavirus disease 2019 (COVID-19), which has been declared to be a pandemic 
in 2020. As of 06 February 2021, 105,915,287 cases and 2,309,033 deaths have 
been reported globally (https://www.worldometers.info/coronavirus/).

Angiotensin I-converting enzyme 2 (ACE2) is a functional receptor that plays 
a crucial role in SARS-CoV-2 infection, and transmembrane serine protease 2 
(TMPRSS2) plays a main supporting role;1–3 recently basigin (BSG) has been 
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identified as another host receptor.4,5 Cancer patients are 
more susceptible to infections because of the immunosup-
pression caused by malignancy or anticancer treatments,6 

such as chemotherapy. Through bioinformatic analysis, 
many studies have indicated that cancer tissues expressed 
ACE2, BSG or TMPRSS2 at higher levels than matched 
healthy tissues in lung adenocarcinoma (LUAD),2,7,8 sto-
mach adenocarcinoma (STAD) and colon adenocarcinoma 
(COAD).9,10 This evidences provide the rationale for the 
high susceptibility of cancer patients to SARS-CoV-2.11,12 

However, not all cancer patients are similarly at risk for 
COVID-19.13,14

SARS-CoV-2 is transmitted mainly through the 
respiratory or digestive route:3 the lungs are in direct 
contact with the external environment, although the 
expression of ACE2 in lung tissues was generally lower 
than that in the digestive tract, pulmonary epithelial cells 
are the main targets of SARS-CoV-2.3,15,16 Moreover, 
another study identified SARS-CoV-2 in resected speci-
mens from colorectal cancer (CRC).17 Gastrointestinal 
cancers mainly metastasize to the liver and to a lesser 
extent the lung; therefore, the susceptibility of patients 
with aerodigestive cancers, including lung metastases 
from CRC, is worth discussing.

Materials and Methods
Gene Expression Analysis
The gene expressions in normal tissues were downloaded 
from the Genotype-Tissue Expression (GTEx), and the 
difference between men and women was explored using 
the R package ggpubr.10 Expressions of BSG and 
TMPRSS2 in human cancer tissues or cell lines were 
downloaded from the Gene Expression Profiling 
Interactive Analysis 2 (GEPIA2; http://gepia2.cancer-pku. 
cn/)18 or the Cancer Cell Line Encyclopedia (CCLE; 
https://portals.broadinstitute.org/ccle).19

Comparisons of SARS-CoV-2 Related 
Genes Among Different Tissues and 
Tumor Stages
Comparison of BSG and TMPRSS2 expressions between 
cancer and matched normal tissues was performed through 
GEPIA2, which has incorporated RNA-Seq data from The 
Cancer Genome Atlas (TCGA) and GTEx datasets. 
Likewise, we have compared gene expressions among 
COAD, adjacent normal colon and healthy colon; or lung 
cancer, adjacent normal lung and healthy lung.10 As 

previously reported,10,20 data were normalized in 
R environment using NormalizeBetweenArrays.

In addition, we explored the expression levels among 
different tumor stages using GEPIA2.

Immune Cell Infiltration Analysis
Tumor Immune Estimation Resource (TIMER; http:// 
timer.cistrome.org/) is adopted for the analysis of immune 
cell infiltration in cancer (including B cell, CD8+ T cell, 
CD4+ T cell, macrophage, neutrophil and dendritic cell),21 

as reported previously.22

OncoVar Analysis
OncoVar is an integrated database and analysis platform 
(https://oncovar.org/), by reanalyzing 10,769 exomes from 
33 cancer types in TCGA and 1942 genomes from 18 cancer 
types in International Cancer Genome Consortium (ICGC), 
it could be used to identify driver mutations and driver 
genes.23 Genes were classified into four grades from non- 
pathogenic to pathogenic: level 0 (non-pathogenic, score 
= 0), level 1 (possible pathogenic, score = 1), level 2 (likely 
pathogenic, 1 < score ≤ 10), level 3 (probable pathogenic, 10 
< score < 20) and level 4 (pathogenic, score ≥ 20).

Prognostic Analysis
The relationship between BSG/TMPRSS2 expression and 
the prognosis, including overall survival (OS) and disease- 
free survival (DFS), was analyzed using GEPIA2 by the 
Log-rank test.

Expression of SARS-CoV-2 Infection 
Related Genes in Metastases from CRC
ACE2, BSG and TMPRSS2 expressions in primary CRC 
at different anatomical sites, lung metastases and liver 
metastases were explored using the TCGA or Gene 
Expression Omnibus (GEO) dataset GSE41258, with the 
exclusion of repeats and 28 metastases that exhibited high 
levels of stromal contamination.24

Statistical Analysis
Comparisons were performed using Kruskal–Wallis tests 
or unpaired t-test (GraphPad Prism 7.0 software). The 
strength of the correlation was determined with the follow-
ing guide: 0.00–0.19, very weak; 0.20–0.39, weak; 0.40–-
0.59, moderate; 0.60–0.79, strong; 0.80–1.0, very strong.25 

Two-side p < 0.05 was considered statistically significant.
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Results
Expression of BSG and TMPRSS2 in 
Normal and Cancer Tissues
There have been reports about ACE2, BSG or TMPRSS2 
expression in humans under physiological or pathological 
conditions.5,9,10,26 We have previously reported the high 
expression of ACE2 in normal or cancerous tissues of the 
digestive, urinary and male reproductive tracts;10 herein 
we found that BSG and TMPRSS2 were also highly 
expressed in the normal digestive tract, and there was no 
big difference between men and women across different 
tissues (Figure 1A and B). Likewise, gastrointestinal can-
cer tissues (from TCGA; Figure 1C and D) or cancer cell 
lines (from CCLE; Figure 1E and F) expressed BSG and 
TMPRSS2 at relatively high levels across different cancer 
types.

Differential Expression of BSG and 
TMPRSS2 Between Cancer and Matched 
Normal Tissues in Aerodigestive Cancers
In the comparison between cancer tissues and adjacent 
normal tissues by using the Gene Expression Profiling 
Interactive Analysis 2 (GEPIA2) (from TCGA; Figure 
S1), cancer tissues expressed BSG at a higher level than 
adjacent normal tissues in CHOL, ESCA, LIHC and 
STAD, but at a lower level in COAD (Figure S1A and 
C); the level of TMPRSS2 in COAD, READ, LUAD 
and LUSC was lower than that in matched adjacent 
normal tissues (Figure S1B and D). After 
a combination of healthy tissues from the Genotype- 
Tissue Expression (GTEx) (Figure 2A–D), results 
showed that cancer tissues expressed BSG at a higher 
level than matched normal tissues in CHOL, ESCA, 
LIHC and pancreatic adenocarcinoma (PAAD); cancer 
tissues expressed TMPRS2 at a higher level in COAD 
and READ, but at a lower level in ESCA, PAAD, 
LUAD and LUSC. These results indicated a different 
expression pattern between adjacent normal tissues in 
TCGA and healthy tissues in GTEx, especially 
TMPRSS2 expression in the colon and rectum. It should 
be noted that the matched GTEx data for READ were 
from the healthy colon, therefore we compared the 
expression of BSG and TMPRSS2 among cancer, adja-
cent normal tissue and healthy tissue in the colon or 
lung. Results showed that adjacent normal colon 
expressed BSG and TMPRSS2 at different levels 

compared with a healthy colon, and transverse colon 
expressed TMPRSS2 at higher levels than sigmoid 
colon (Figure 2E and F); BSG and TMPRSS2 expres-
sions in the adjacent normal lung were generally higher 
than in healthy lung (Figure 2G and H). In addition, we 
analyzed the correlation between BSG/TMPRSS2 
expression and immune infiltration in COAD and lung 
cancers (LUAD and LUSC), and found a weak correla-
tion between BSG/TMPRSS2 expression and immune 
cells infiltration (including B cell, CD4+ T cell, neutro-
phil and Dendritic cell; Figure 3A–F). Moreover, there 
were no statistically significant differences in the 
expression levels among different stages of aerodiges-
tive cancers, except for ESCA, PAAD and LUAD for 
BSG (Figure 4A–I); LIHC and PAAD for TMPRSS2 
(Figure 5A–I).

The Prognosis Value and Driver Gene 
Analysis of ACE2, BSG or TMPRSS2 in 
Aerodigestive Cancers
The prognosis of BSG and TMPRSS2 in aerodigestive 
cancers were explored. As shown in Figure 6, BSG corre-
lated negatively with OS and DFS in LIHC and LUAD 
(Figure 6A–D), whereas there was no significant correla-
tion with prognosis (OS or PFS) in TMPRSS2 expression 
(Figure 6E and F). In addition, we found that none of 
ACE2, BSG or TMPRSS2 was candidate cancer driver 
gene in the aerodigestive cancers (Table S1).

Lung Metastases from Colorectal Cancer 
(CRC) Expressed More ACE2 Than 
Normal Lung Tissues
Since ACE2, BSG and TMPRSS2 were expressed at high 
levels in gastrointestinal cancers. First, we investigated 
their expression in CRC at different anatomical locations 
using TCGA data or GSE41258 dataset. The results 
showed that there was little difference in the expression 
of ACE2 (Figure 7A and D), BSG (Figure 7B and E) or 
TMPRSS2 (Figure 7C and F). We next compared the 
expression levels among primary CRC, liver metastasis, 
normal liver tissue, lung metastasis and normal lung tissue. 
The comparative analysis between metastases and related 
normal tissues (the lung or liver) showed that ACE2 was 
expressed at a higher level in lung metastasis than in 
normal lung tissue, whereas the difference between liver 
metastasis and normal liver tissue did not reach statistical 
significance (Figure 7G); liver metastases expressed BSG 
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at a higher level than normal liver (Figure 7H); although 
TMPRSS2 expression in liver/lung metastases was higher 
than that in matched normal liver/lung, the differences did 
not reach statistical significance (Figure 7I). In addition, 
there were no statistically significant differences in ACE2, 
BSG or TMPRSS2 expression among primary CRC, liver 
metastasis and lung metastasis (Figure 7G–I).

Discussion
Patients with cancers are immunocompromised and vul-
nerable to severe infections, including SARS-CoV-2. For 
cancer patients with COVID-19, increased age, male sex 
and comorbidity were associated with mortality.27,28

First, SARS-CoV-2 invaded host cells through receptor 
ACE2 or BSG, and cofactors, such as TMPRSS2.5,26 

Figure 1 BSG and TMPRSS2 expressions in normal human tissues and cancers. (A and B) Difference in BSG or TMPRSS2 expression between men and women from GTEx 
data. The y-axis represents transformed log2 (FPKM+1). (C and D) Overview of BSG or TMPRSS2 expression in different cancers from TCGA, as obtained from GEPIA2. 
(E and F) Box plot showing the mRNA expression levels of BSG or TMPRSS2 in human cancer cell lines from the CCLE database. Within each box, the median is a solid line, 
while the mean is a dashed line. Unpaired t-test were performed. 
Notes: *p < 0.05; **p < 0.01; ***p < 0.001. 
Abbreviations: BSG, basigin; TMPRSS2, transmembrane serine protease 2; GTEx, Genotype-Tissue Expression; FPKM, number of fragments per kilobase of exon 
per million reads; TCGA, The Cancer Genome Atlas; GEPIA2, Gene Expression Profiling Interactive Analysis 2; TPM, transcripts per million; CCLE, Cancer Cell Line 
Encyclopedia; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; LIHC, liver hepatocellular carcinoma; PAAD, pancreatic adeno-
carcinoma; READ, rectum adenocarcinoma; STAD, stomach adenocarcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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Figure 2 Differential expressions of BSG or TMPRSS2 among aerodigestive cancers, adjacent normal tissues and healthy tissues. (A and B) Boxplot showing differential BSG 
or TMPRSS2 expression between human digestive cancer and matched normal tissue (TCGA normal + GTEx normal), as obtained from GEPIA2. (C and D) Boxplot 
showing differential BSG or TMPRSS2 expression between lung cancer and matched normal lung (TCGA normal + GTEx normal), as obtained from GEPIA2. |log2 (fold 
change)| cutoff, 0.5; p-value cutoff, 0.05; jitter size, 0.4 (red color: cancer; gray color: normal). (E and F) Differential BSG or TMPRSS2 expression among COAD, adjacent 
normal colon and healthy colon (including transverse and sigmoid colon). (G and H) Differential BSG or TMPRSS2 expression among lung cancer, adjacent normal lung and 
healthy lung. Kruskal–Wallis tests with post hoc using Dunn’s method were performed. 
Notes: *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. 
Abbreviations: BSG, basigin; TMPRSS2, transmembrane serine protease 2; TCGA, The Cancer Genome Atlas; GTEx, Genotype-Tissue Expression; GEPIA2, Gene 
Expression Profiling Interactive Analysis 2; TPM, transcripts per million; FPKM, number of fragments per kilobase of exon per million reads; CHOL, cholangiocarcinoma; 
COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; LIHC, liver hepatocellular carcinoma; PAAD, pancreatic adenocarcinoma; READ, rectum adenocarcinoma; 
STAD, stomach adenocarcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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Figure 3 Correlation between BSG or TMPRSS2 expression and tumor purity or immune infiltration in COAD, LUAD or LUSC through TIMER. (A and B) Scatter plots 
showing the correlations between BSG/TMPRSS2 expression and tumor purity or immune cell infiltration in COAD. (C and D) Scatter plots showing the correlations 
between BSG/TMPRSS2 expression and tumor purity or immune cell infiltration in LUAD. (E and F) Scatter plots showing the correlations between BSG/TMPRSS2 
expression and tumor purity or immune cell infiltration in LUSC. 
Abbreviations: BSG, basigin; TMPRSS2, transmembrane serine protease 2; COAD, colon adenocarcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell 
carcinoma; TIMER, Tumor Immune Estimation Resource; TPM, transcripts per million.
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ACE2, BSG and TMPRSS2 were both highly expressed in 
human colon tissues, including normal and cancerous tis-
sues; and there were no big differences between male and 
female (Figure 1).10 Therefore, the gender differences in 
morbidity and mortality may be attributed to the sex dif-
ferences in immune.29–31

Second, we found that both BSG and TMPRSS2 
expression levels in adjacent normal tissue were generally 
higher than corresponding cancer or healthy tissue in colon 
or lung (Figure 2), which could be partially explained by 

the immune cells infiltration (Figure 3), since TMPRSS2 
correlated with immune cell infiltration and there were 
differences in immune infiltration among cancers, adjacent 
normal tissues and healthy tissues.32–34 These findings 
were roughly consistent with that others have detected 
SARS-CoV-2 in enterocytes from adjacent normal color-
ectal tissues resected from CRC patients with COVID- 
19.17 In addition, different anatomical sites of the colon 
expressed ACE2, BSG or TMPRSS2 at different levels 
(Figure 2E and F).10 However, they were not significantly 

Figure 4 The correlations between BSG expression and tumor stages in aerodigestive cancers through GEPIA2. (A–G) Violin plots showing BSG expression at different 
stages of CHOL, COAD, ESCA, LIHC, PAAD, READ and STAD (cancers of the digestive tracts). (H–I) Violin plots showing BSG expression at different stages of lung 
cancers, including LUAD and LUSC. 
Abbreviations: BSG, basigin; GEPIA2, Gene Expression Profiling Interactive Analysis 2; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal 
carcinoma; LIHC, liver hepatocellular carcinoma; PAAD, pancreatic adenocarcinoma; READ, rectum adenocarcinoma; STAD, stomach adenocarcinoma; LUAD, lung 
adenocarcinoma; LUSC, lung squamous cell carcinoma.
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different among different stages (Figures 4 and 5), and 
were not related to prognosis (Figure 6) in COAD or 
READ, which was consistent with the negative results of 
OncoVar analysis (Table S1).

Third, based on the abovementioned results, we aimed 
to explore the expression levels of SARS-CoV-2 entry- 
related genes in lung metastases from CRC, since CRC 
expressed high levels of ACE2, BSG and TMPRSS2, 
whereas lung presented the most commonly affected site. 
Intriguingly, there was little difference in ACE2, BSG or 

TMPRSS2 expression among CRC from different anato-
mical sites (Figure 7A–C, from TCGA; Figure 7D–F, from 
GSE41258), given that there were differences between 
normal transverse and sigmoid colon (Figure 2E and 
F).10 In addition, results showed that lung metastasis 
expressed ACE2, but not BSG or TMPRSS2 at higher 
levels than normal lung (Figure 7G–I), since ACE2 was 
the most important gene for SARS-CoV-2 entry, our study 
suggested that patients with lung metastases could be more 
vulnerable to SARS-CoV-2 than the general population. 

Figure 5 The correlations between TMPRSS2 expression and tumor stages in aerodigestive cancers through GEPIA2. (A–G) Violin plots showing TMPRSS2 expression at 
different stages of CHOL, COAD, ESCA, LIHC, PAAD, READ and STAD (cancers of the digestive tracts). (H–I) Violin plots showing TMPRSS2 expression at different stages 
of lung cancers, including LUAD and LUSC. 
Abbreviations: TMPRSS2, transmembrane serine protease 2; GEPIA2, Gene Expression Profiling Interactive Analysis 2; CHOL, cholangiocarcinoma; COAD, colon 
adenocarcinoma; ESCA, esophageal carcinoma; LIHC, liver hepatocellular carcinoma; PAAD, pancreatic adenocarcinoma; READ, rectum adenocarcinoma; STAD, stomach 
adenocarcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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Supportively, others have improved SARS-CoV-2 infec-
tion by transducing A549 cells (human adenocarcinomic 
alveolar basal epithelial) with a vector over-expressing 
human ACE2.35 Moreover, the little difference among 
primary CRC, liver metastasis and lung metastasis indi-
cated that ACE2, BSG or TMPRSS2 should be not rele-
vant to the metastatic capacity, which was consistent with 
the finding that they were not significantly related to 
prognosis in COAD or READ (including OS and DFS; 
Figure 6).10

In conjunction with our previous publication,10 the 
results of this study showed that patients with aerodigestive 
cancers could be more susceptible to SARS-CoV-2; these 
findings were consistent with other clinical observations that 
lung cancer and CRC were the most common types in 
COVID-19 patients;36–38 in addition, ACE2 expression in 
lung metastases from CRC was higher than that in the 
normal lung (Figure 7), raising the possibility that these 
patients may be more vulnerable to pulmonary SARS-CoV 
-2 infection regardless of immunosuppression caused by 

malignancy or anticancer therapeutics, and lung metastases 
or circulating CRC cells could serve as a reservoir or trans-
porter of SARS-CoV-2 for replication and dissemination. 
Moreover, the COVID-19 pandemic had a hysteresis effect 
on cancer diagnosis and treatment, and there was a report 
that SARS-CoV-2 infection could induce epithelial to 
mesenchymal transition in lung cancer cells,39 which could 
induce cancer progression and metastasis.

Besides lung cells, SARS-CoV-2 can infect 
enterocytes,15 cholangiocytes40 and cardiomyocytes.41 

However, to this date, there is only limited evidence that 
SARS-CoV-2 could infect cancer cells.39 Although studies 
have reported the morbidity of primary cancers to SARS- 
CoV-2,11 we presented the rational of high susceptibility to 
SARS-CoV-2 in patients with aerodigestive cancers.

Conclusion
SARS-CoV-2 infection-related genes ACE2, BSG and 
TMPRSS2 were relatively highly expressed in aerodi-
gestive cancers. To the best of our knowledge, this is the 

Figure 6 Prognostic value of BSG or TMPRSS2 in aerodigestive cancers. (A and B) Survival significance map of BSG showed the survival analysis results, including OS and 
DFS, in aerodigestive cancers through GEPIA2 (the red or blue blocks denote higher or lower risks; the rectangles with frames indicate p < 0.05). (C and D) Kaplan-Meier 
plots of OS and DFS in LIHC and LUAD. Median BSG expression values were adopted as the cutoff. (E and F) Survival significance map of TMPRSS2 showed the survival 
analysis results in aerodigestive cancers. 
Abbreviations: BSG, basigin; TMPRSS2, transmembrane serine protease 2; OS, overall survival; DFS; disease-free survival; GEPIA2, Gene Expression Profiling Interactive 
Analysis 2; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; LIHC, liver hepatocellular carcinoma; PAAD, pancreatic adenocarci-
noma; READ, rectum adenocarcinoma; STAD, stomach adenocarcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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first study suggesting the genetic susceptibility of lung 
metastases to SARS-CoV-2. Patients with lung metas-
tases of CRC should be more cautious to SARS-CoV-2, 
and be given more supervision. Since our data and other 
studies mainly depend on bioinformatics analysis, 
further validation with real-world or experimental data 
is needed.

Abbreviations
ACE2, angiotensin I-converting enzyme 2; BSG, basigin; 
CCLE, Cancer Cell Line Encyclopedia; CHOL, cholangio-
carcinoma; COAD, colon adenocarcinoma; COVID-19, 
coronavirus diseases 2019; CRC, colorectal cancer; 
ESCA, esophageal carcinoma; FPKM, number of frag-
ments per kilobase of exon per million reads; GEO, 

Figure 7 ACE2, BSG and TMPRSS2 expressions in CRC, liver metastasis, normal liver, lung metastasis and normal lung. (A–F) Differential expression of ACE2, BSG or 
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method were performed. 
Notes: *p < 0.05; **p < 0.01; ****p < 0.0001. 
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