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Elevated expression of ACE2 in tumor-adjacent normal tissues
of cancer patients

Dear editor, (A) Lung Kidney
The recent outbreak of a novel betacoronavirus known as severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has raised o

the concern that cancer patients might be particularly susceptible to
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infection by this virus.® Importantly, the guidelines for cancer
patients during the COVID-19 pandemic focus on lung cancer
patients who are undergoing active chemotherapy or radical radio-

(log2(ACE2/GAPDH))
! L
o o
—{D—

Y
@
oo

ACE2 normalized expression
(log2(ACE2/GAPDH))
s
ol :
=
ACE2 normalized expression

therapy, and on patients with blood cancers.? Intentional postponing

of adjuvant chemotherapy or elective surgery for stable cancer has f:,,‘oio;"\,f?:@‘*\
. . o AN
even been proposed to alleviate the risk.2 However, it is currently SO S
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unknown whether patients with other epithelial solid tumors, or can- CLLEE R
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r patients n rrently undergoing chemother: re also mor
cer patients not currently undergoing chemotherapy, are also more Esophagus

susceptible to COVID-19.
SARS-CoV-2 requires the angiotensin-converting enzyme 2

(ACE2) to enter human cells.*® Moreover, ACE2 gene expression

levels in epithelial tissues corresponded to survival after SARS-CoV
infection in transgenic mice® and soluble human ACE2 inhibited
SARS-CoV-2 infections in engineered human tissues.” ACE2 mRNA
levels are particularly high in the human kidney, testis, heart and intes-
tinal tract.®2? Albeit not highly expressed in most cells of the normal
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lungs, ACE2 expression levels in the airway epithelia increase due to
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chronic exposure to cigarette smoke,®*° which was associated with
infection susceptibility."* ACE2 expression levels have also been . »
suggested to underlie the increased susceptibility of patients with g 0 “ g 0 — ==
. . . . w 3 _
hypertension and diabetes to SARS-CoV-2 infection,'? and to be §§ s % §§ -5
x o x o
increased in patients with comorbidities associated with severe §§ §§ 10 % %
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COVID-19.*2 Therefore, ACE2 expression in epithelial tissues, and in 29 Q15
5% 5%
particular in the airway epithelia, seem to have considerable effect on 55 18 55 -20
o Q
COVID-19 morbidity and mortality. < 20 < 25
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We compared ACE2 mRNA levels between normal tissues (NT), I o
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primary tumors (PT) and normal tissues adjacent to tumors (NAT), & v"(\o«é& ,\\é‘ ‘:\(\0 ,\(&"
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using data from The Cancer Genome Atlas (TCGA) and GTEx'* (B)
1O/, =
(Supporting Information). Across multiple tissues, ACE2 mRNA levels 100% NT Lung
in PT were significantly higher than in NT of the respective tissue (Fig- . 80%- NAT Lung
ures 1A and S1). Surprisingly, ACE2 expression levels in NAT were 2 =
s . . . . 2< 60%-
also significantly higher than in NT across tissues, and in all cases were 95’_ >
xE
o5 40%-
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Abbreviations: ACE2, angiotensin-converting enzyme 2; COVID-19, coronavirus disease +
2019; FANTOMS5, Functional Annotation of the Mammalian Genome; GTEX, genotype-tissue 0% T T T T T T T
expression; HPA, Human Protein Atlas; NAT, normal tissue adjacent to tumor; NT, normal &9“,@ é@ Q §’ N $y @@ é;\ ,,;?h
tissue; PT, primary tumor; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; (,a’*'?,§5‘/ (f&u“/ &0&‘?/ &‘5;@ @éb@ (;oé\@ (?«' >
TCGA, The Cancer Genome Atlas. ¢ ¢ @ & & & &
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at least as high as in the respective PT (Figures 1A and S1). This result
suggests that the NAT of cancer patients would likely be more sus-
ceptible to SARS-CoV-2 infection than the corresponding tissues of
healthy individuals.

Focusing on the lung due to its relevance in the disease etiology,
we next queried the mRNA expression levels of ACE2 in two addi-
tional datasets of normal human tissues, the Human Protein Atlas®®
and FANTOMB5.26 In concordance with the GTEx data, the expression
levels of ACE2 in whole-lung tissues from healthy donors were negligi-
ble (median of 0.7pTPM, 1.8pTPM and 2.6 scaled tags per million, in
GTEx, HPA and FANTOMS5, respectively). Next, we compared the rel-
ative expression levels of ACE2 between healthy and tumor-adjacent
lung tissues, using six published gene expression microarray
datasets'”"2° (Supporting Information Methods). ACE2 expression
levels in the tumor-adjacent normal lung samples were detected at
discernible levels, and were significantly higher than those in the
healthy normal lung samples (Figure 1B). This analysis confirmed that
the mRNA levels of ACE2 are elevated in tumor-adjacent lung tissues
of lung cancer patients.

This observation raises the possibility that lung cancer patients
may have an increased risk to SARS-CoV-2 infection, regardless of
chemotherapy-induced immune suppression. Furthermore, patients
with other types of cancer, such as renal or gastrointestinal cancers,
may also have elevated infection risk. However, to determine whether
this is indeed the case, two questions require urgent attention: (a) Is
ACE2 expression level in non-lung epithelia associated with SARS-
CoV-2 infection risk?; and (b) Is ACE2 upregulation limited to the tis-
sue adjacent to the tumor (presumably due to the tumor microenvi-
ronment), or are ACE2 levels systemically elevated in cancer patients?
In addition, although ACE2 mRNA levels are upregulated in NAT and
PT compared to NT, we cannot rule out the possibility that ACE2 pro-
tein levels are not significantly different due to post-transcriptional
regulation mechanisms. Until these questions are resolved, we pro-
pose that the discussion of cancer guidelines during the COVID-19
pandemic should expand beyond patients with treatment-induced

immune suppression.

FIGURE 1 Elevated expression of ACE2 in tumor-adjacent normal
tissues of cancer patients. A, mRNA levels of ACE2 (normalized to
GAPDH) in normal tissues (NT), Normal tissues adjacent to tumors
(NAT) and primary tumors (PT) across eight tumor types representing
six distinct tissues. KIRC, Kidney renal clear cell carcinoma; KIRP,
kidney renal papillary cell carcinoma; LUAD, lung adenocarcinoma;
LUSC, lung squamous cell carcinoma. Bar, median; box, 25th and 75th
percentiles; whiskers, 1.5 x IQR of lower and upper quartile. *P < .05;
**P < .01; ***P < .001; ****P < .0001; One-way ANOVA with Tukey's
test. B, Relative mRNA levels of ACE2 in normal lung tissues (NT) and
normal tissues adjacent to tumors (NAT), calculated based on six gene
expression microarray datasets. Bar, median. **P = .0045; two-tailed
Student's t test for a comparison between the median values of the
datasets in each group [Color figure can be viewed at
wileyonlinelibrary.com]
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