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A profiling analysis on the receptor ACE2 expression reveals the
potential risk of different type of cancers vulnerable to SARS-
CoV-2 infection
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Background: The new coronavirus pneumonia (NCP) is now causing a severe public health emergency. The
novel coronavirus 2019 (2019-nCoV) infected individuals by binding human angiotensin converting enzyme II
(ACE2) receptor. ACE2 is widely expressed in multiple organs including respiratory, cardiovascular, digestive
and urinary systems in healthy individuals. These tissues with high expression level of ACE2 seemed to be more
vulnerable to SARS-CoV-2 infection. Recently, it has been reported that patients with tumors were likely to be
more susceptible to SARS-CoV-2 infection and indicated poor prognosis.

Methods: The tissue atlas database and the blood atlas were used to analyze the distribution of ACE2 in
human tissues or organs of cancers and normal samples. Starbase dataset was applied to predict the prognosis
of cancers according to expression level of ACE2.

Results: In this study, we demonstrated a landscape profiling analysis on expression level of ACE2 in pan-
cancers and showed the risky of different type of cancers to SARS-CoV-2 according to the expression level of
ACE2. In addition, we found that ACE2 was both differential expression and related to the prognosis only in
liver hepatocellular carcinoma (LIHC). Relative high expression of ACE2 indicated a favorable prognosis in
LIHGC, but they might be more susceptible to SARS-CoV-2.

Conclusions: We indeed emphasized that LIHC patients with high expression level of ACE2 should be
more cautious of the virus infection. Our study might provide a potential clue for preventing infection of

SARS-CoV-2 in cancers.
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Introduction 2019, the disease began in Wuhan, Hubei Province (1). So
COVID-19. full name coronavirus disease 2019. is an far, 72,530 confirmed cases (including medical staff) have
infectious disease caused by a coronavirus called “SARS- been confirmed in China, including 59,989 in Wuhan, and
CoV-2” (formerly known as “2019-nCoV?). At the end of similar cases have been confirmed in other provinces of
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China, German, Japan, South Korea, the United States and
so on (2-6).

In general, the pathogenicity and transmissibility of
most coronaviruses are slight (7), but there are two kinds
of coronaviruses (severe acute respiratory syndrome
coronavirus (SARS-CoV) and Middle East respiratory
syndrome coronavirus (MERS-CoV) which have been
in global outbreak (8-10). The mortality of SARS-CoV
is about 10%, and that of MERS-CoV is nearly 37%
(11,12). The related research points out that the clinical
manifestations of COVID-19 are very similar to SARS-
CoV, which can progress to acute respiratory distress
syndrome and need intensive care (13-17). The median age
of the patients was 49 years (IQR, 41.0-58.0 years), and
13 (32%) cases had underlying diseases such as diabetes,
hypertension or cardiovascular disease (18,19). This
suggests that our susceptible people may be older, which
may be closely related to their own immune status.

At present, the pathogenic mechanism of SARS-CoV-2
has not been clear, and there is lack of targeted drugs (20,21).
SARS-CoV-2 is considered to be similar to SARS-CoV in
origin to bats HKU9-1 (15,16,22). It has been reported
that angiotensin-converting enzyme 2 (ACE2) might have
a strong binding ability to the SARS-CoV-2 (23). The cells
or tissues expressed ACE2 may be more susceptible to be
infected by SARS-CoV-2. In healthy individuals, the organs
including lung, heart, kidney, bladder and oesophagus which
expressed high level of ACE2 seemed to be more vulnerable
to SARS-CoV-2 infection (23-25). Whereas, the gene
expression in cancer patients is totally different from that in
healthy people. Here, we demonstrate a landscape profiling
analysis on expression level of ACE2 in pan-cancers and try
to explore the risky of different type of cancers to SARS-
CoV-2 infection. This might improve the vigilance of
specific tumor patients to virus and provide a potential clue
for preventing complications of SARS-CoV-2 infection.

Methods
The Tissue Atlas database

The Tissue Atlas database (https://www.proteinatlas.org/
humanproteome/tissue) included numerous expression
profiles of RNA and protein expressed in specific tissues
and organs. The results defined the tissues-restricted gene
is that its expression must significant elevate more than
four-fold higher in special tissues compared to others.
Deep sequencing of RNA (RNA-seq) was performed
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to acquire the mRNA expression data in thirty-seven
different types of normal tissues and organs. This protein
dataset included 15,313 available protein data. The
expressions of proteins were validated in forty-four normal
tissues by using immunohistochemistry and all images of
immunohistochemistry were also available in this website.

The Blood Atlas analysis

The Blood Atlas (https://www.proteinatlas.org/
humanproteome/blood) contains the information of more
than 15 types of cells in blood including monocytes, NK-
cells and dendritic cells etc. The RNA expression of
ACE2 in these blood cells and the ACE2 protein detected
in human plasma were analyzed in this database. The
ACE2 protein concentration was estimated through mass
spectrometry or immune assays.

Starbase dataset

Starbase database constructed the most comprehensive pan
cancer expression map and interaction network including
14 cancer types (6,000 samples). Differential expressed
of ACE2 in pan-cancers were analyzed automatically
when we enter the gene symbol into the search line. The
gene expression of ACE2 in clinical cancer specimens was
compared with that in paired normal controls using the
Student’s ¢ test. Next, Kaplan-Meier and log-rank methods
were used to analyze the overall survival by Starbase dataset
(http://starbase.sysu.edu.cn/panCancer.php).

Results
Expression profile of ACE2 in healthy buman tissues

A human cell receptor ACE2 was reported to have
strong binding affinity to SARS-CoV-2 (23). Here, we
demonstrated an overview of RNA and protein expression
data of ACE2 in healthy human tissues. These tissues were
first divided into groups with different color-code according
to their functional features. We found that ACE2 RNA is
more enriched in endocrine tissues, gastrointestinal tract,
liver and gallbladder, kidney and urinary bladder, male
tissues and muscle tissues. The tendency of ACE2 protein
expression level was similar to its RNA, but exhibited much
more expression level in Liver and gallbladder, Kidney and
urinary bladder and male tissues (Figure 1A). To further
confirm the expression of ACE2 in these tissues, we analyzed
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Figure 1 Expression of ACE2 in human tissues and organs. (A) The mRNA and protein expression profile of ACE2 in all tissues and organs;

(B) the top 10 tissues or organs with ACE2 mRNA expression in four databases (Consensus dataset, Fantom5 dataset, GTEx dataset and

HPA dataset); (C) TOP20 tissues or organs with ACE2 protein expression in related database. ACE2, angiotensin converting enzyme II.

the ACE2 RNA expression level in four datasets and listed
the top 10 tissues expressed high ACE2 in Figure 1B.
The result demonstrated that small intestine was the tissue
with the highest expression of ACE2 in four datasets, the
colon and kidney were exhibited a relative higher expression
compared to other organs. In addition, these results showed
that ACE2 was also high expressed in testis tissue, which
wasn’t caught our attention before (Figure 1B). At protein
level, the result showed that ACE2 was enriched in digestive
and urinary system including duodenum, gallbladder,
small intestine, colon, rectum and kidney (Figure 1C).
Furthermore, we indicated that the male reproductive
system (testis) was also high expressed ACE2 protein, which
was a little different with some published reports.

ACE?2 protein concentration in plasma

It has been reported that high concentrations of cytokines
were recorded in the plasma of severe patients (19). We
analyzed the ACE2 expression in immune cells and we
found that it was hardly expressed in all type of immune
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cells in blood (Figure SI). Next, we wonder whether these
abnormal cytokines were associated with the concentration
of ACE2 protein in plasma. The ACE2 protein
concentration was quantified by mass spectrometry and
estimated from spectral counts in a publicly available data
set obtained from the peptide atlas. The data showed that
ACE2 protein was detected in plasma with about 85 ng/L
(Figure 2A4). Due to the infection rate of male is higher than
that of female, we further compared the protein expression
level in plasma between male and female by using the result
of proximity extension assay (PEA). To our surprise, the
protein concentration of ACE2 was a little higher in male
plasma than that in female in four visits at three month
intervals (Figure 2B). This might interpret the different
susceptibility between male and female.

Expression profile and prognosis of ACE2 in pan-cancers

Cancer patients are suffering novel coronavirus pneumonia
and risk of poor prognosis after infection due to malignant
tumor itself, chemotherapy and surgery (26). We next

Ann Transl Med 2020;8(7):481 | http://dx.doi.org/10.21037/atm.2020.03.61



Page 4 of 8

A

/L ]
4 APOB
mg/L ] CRP

NOTCH2
4 TNNI3

Ug/L ERBB3
1 Cl

ng/L:

po/L ]

500 1,000 1,500 2,000 2,500 3,000

& 0.5
B 0.0 - -

(%—0.5-

Dai et al. Risk of cancers vulnerable to SARS-CoV-2 infection

2.0
1.51
1.01

Male
Female

-1.04
1.5
-2.0

Visit

Figure 2 ACE2 protein concentration in plasma. (A) The concentration of ACE2 protein estimated in plasma; (B) the difference of ACE2

protein concentration between male and female. ACE2, angiotensin converting enzyme II.
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Figure 3 Expression Profile and Prognosis of ACE2 in Pan-cancers. (A) The RINA expression level of ACE2 in pan-cancers in TCGA dataset.
The protein expression level of ACE2 in pan-cancer in CAB026147 (B) and HPA000288 (C). ACE2, angiotensin converting enzyme II.

estimated the expression profile of ACE2 in Pan-cancers.
In TCGA dataset, we found that ACE2 RNA was majority
highly expressed in renal cancer and colorectal cancer,
which was consistent with its expression in normal tissues
(Figure 3A4). In addition, the protein expression level was
a little different from that of RNA. This protein was not
only expressed in renal and colorectal cancers but also
expressed in liver and testis cancers both in CAB026147
and HP000288 datasets (Figure 3B,C). Next, we filtered
the differentially expression of ACE2 between tumor and
normal tissues in pan-cancer by ENCORI. In total, we
found that it was significant differentially expressed in six
type of cancers including kidney chromophobe (KICH),
breast invasive carcinoma (BRCA), prostate adenocarcinoma
(PRAD), thyroid carcinoma (THCA), liver hepatocellular
carcinoma (LIHC) and stomach adenocarcinoma (STAD)
with P value <0.05 and FDR <0.05 (7ible 1). The expression
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of ACE2 was much lower in 374 patients with liver cancer
compared with that in 50 normal samples (P=0.0012,
FDR =0.0038). We then examined the efficiency of ACE2
in the survival of pan-cancer patients. The result revealed
that decreased ACE2 expression was significantly associated
with poor prognosis in overall survival (OS) of patients
with kidney renal clear cell carcinoma (KIRC, P=0.00016,
HR =0.55), mesothelioma (MESO, P=0.0028, HR =0.48),
ovarian serous cystadenocarcinoma (OV, P=0.0073, HR =0.7)
and LIHC (P=0.017, HR =0.65) (lable 2). To our attention, we
found that ACE2 was both differental expression and related
to the prognosis only in LIHC (Figure 4A4,B).

Discussion

Novel coronavirus (2019-nCoV) outbreak has been
reported around the world with characteristic of multiple
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Table 1 ACE2 significant differentially expressed in six type of cancers compared with normal samples
Cancer Cancer full name r?jr:gee: r’:‘fg;:: Czr;\(c;er Normal Exp Fold change P value FDR
KICH Kidney chromophobe 65 24 0.1 9.49 0.01 1.10E-27 1.50E-25
BRCA Breast invasive carcinoma 1,104 113 1.09 0.48 2.27 9.10E-22 8.20E-21
PRAD Prostate adenocarcinoma 499 52 0.19 1.8 0.11 1.60E-13 3.40E-12
THCA Thyroid carcinoma 510 58 0.6 0.72 0.83 0.00074 0.0023
LIHC Liver hepatocellular carcinoma 374 50 2.34 1.07 2.19 0.0012 0.0038
STAD Stomach adenocarcinoma 375 32 4.24 35.62 0.12 0.0048 0.013
LUAD Lung adenocarcinoma 526 59 2.79 0.82 3.38 0.047 0.097
UCEC Uterine corpus endometrial carcinoma 548 35 0.66 0.38 1.75 0.039 0.1
KIRP Kidney renal papillary cell carcinoma 289 32 40.82 20.93 1.95 0.057 0.14
COAD Colon adenocarcinoma 471 41 13.62 16.42 0.83 0.073 0.17
PAAD Pancreatic adenocarcinoma 178 4 4.83 0.78 6.18 0.046 0.38
ESCA Esophageal carcinoma 162 11 2.62 0.91 2.87 0.21 0.5
HNSC Head and neck squamous cell 502 44 1.41 1.1 1.17 0.47 0.62

carcinoma

CHOL Cholangiocarcinoma 36 9 10.94 1.22 8.97 0.56 0.67
BLCA Bladder urothelial carcinoma 411 19 1.28 1.01 1.26 0.48 0.73
KIRC Kidney renal clear cell carcinoma 535 72 22.66 17.24 1.31 0.72 0.76
LUSC Lung squamous cell carcinoma 501 49 1.56 0.84 1.85 0.67 0.77
ACE2, angiotensin converting enzyme II; Exp, expression level.
Table 2 The efficiency of ACE2 expression in the survival of pan-cancer patients
Cancer Cancer full name Cancer number Median coef. HR P value
KIRC Kidney renal clear cell carcinoma 517 15.45 -0.59 0.55 0.00016
MESO Mesothelioma 85 0.03 -0.73 0.48 0.0028
ov Ovarian serous cystadenocarcinoma 374 0.15 -0.36 0.7 0.0073
LIHC Liver hepatocellular carcinoma 369 0.22 -0.43 0.65 0.017
LUSC Lung squamous cell carcinoma 469 0.8 -0.28 0.76 0.054
STAD Stomach adenocarcinoma 365 1.28 -0.06 0.94 0.7
KICH Kidney chromophobe 64 0.07 -0.16 0.86 0.82
LUAD Lung adenocarcinoma 503 1.02 0.03 1.03 0.84
BRCA Breast invasive carcinoma 1,082 0.05 -0.03 0.97 0.85
PRAD Prostate adenocarcinoma 495 0.1 -0.02 0.98 0.97

ACE2, angiotensin converting enzyme ll; coef., co-efficiency.
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Figure 4 Prognosis of ACE2 in LIHC. (A) The expression level of ACE2 in LIHC compared with normal samples; (B) overall survival for

ACE2 in LIHC cancer with P=0.017. ACE2, angiotensin converting enzyme II; LIHC, liver hepatocellular carcinoma.

organ dysfunction syndrome (MODS) (18,27). Recently,
it has been reported that tumor patients are likely to have
higher risk of SARS-CoV-2 infection and poor prognosis
compared with non-tumor individuals (26). Functionally,
a receptor angiotensin-converting enzyme ACE2 which
is widely distributed in multiple organs was considered as
the potential target protein of COVID-19 (24). Consistent
with other reports, we found that ACE2 was most highly
expressed in digestive system especially in small intestine
and colon (28). These results might interpret why SARS-
CoV-2 could be isolated from excrement and urine and be
transmitted via the fecal-oral route. Majority of patients
infected SARS-CoV-2 also had renal dysfunction and this
might be related to the high expression of ACE2 protein
(23,29). In addition, ACE2 was also detected high expressed
in reproductive system. Some paper had pointed out that
there was no evidence that SARS-CoV-2 could pass through
the placental barrier to transmit from mother to infant
(30,31). Therefore, we wondered whether this virus could
penetrate the reproductive barrier to affect the function
of sperm. ACE2 was reported to play an important role in
myocardial infarction (32). In our dataset, we didn’t detect
the high expression of ACE2 in heart system.

ACE?2 is located on the X chromosome, which means
that the number of ACE2 in men is half that in women, but
the risk of infection in men is not lower than in women.
Our data showed that the protein concentration of ACE2
in plasma was a little higher in male than that in female
in healthy individuals. This might be the reason how
the different susceptibility between men and women. To
the limitation of the public data, we couldn’t analyze the
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relationship between age and COVID-19. Because the
cytokine storm was detected in severe infected patients,
we hypothesized that this might be closely related to the
immune status of patients.

In this study, we also showed the risky of different type of
cancers to SARS-CoV-2 infection according the expression
level of ACE2. In accordance with the result that the
incidence of severe events in lung cancer patients was not
significantly higher than that in other cancers, our data also
demonstrated that ACE2 was not highly expressed in lung
cancer cells. Furthermore, we found the unique cancer type
LIHC was associated with ACE2 expression and prognosis.
Relative high expression of ACE2 indicated a favorable
prognosis in LIHC, but they might be more susceptible to
SARS-CoV-2. Therefore, we indeed emphasized that LIHC
patients with high expression level of ACE2 should be more
aware of the virus infection. Our study might provide a
potential clue for preventing infection of SARS-CoV-2 in
cancers.
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