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SARS-Cov-2 caused the COVID-19 pandemic worldwide. ADAM17 functions as a
disintegrin and transmembrane metalloproteinase domain protein involved in the
regulation of SARS-CoV-2 receptor ACE2. However, its impact on cancer patients
infected with COVID-19 and its correlation with immune cell infiltration is unclear. This
study compared ADAM17 expression between normal and tumor tissues based on
GEPIA. The correlations between ADAM17 expression and immune cell infiltration and
immunomodulators were investigated. Besides, treated drugs for targeting ADAM17 were
searched in the TISDB database. We found that ADAM17 was highly conserved in many
species and was mainly expressed in lung, brain, female tissues, bone marrow and
lymphoid tissues. It was also highly expressed in respiratory epithelial cells of rhinitis and
bronchus. ADAM17 expression in tumors was higher than that in several paired normal
tissues and was negatively correlated with the prognosis of patients with malignant
tumors. Interest ingly, ADAM17 expression significant ly corre lated with
immunomodulators and immune cell infiltration in normal and tumor tissues. Moreover,
eight small molecules targeting ADAM17 only demonstrate therapeutic significance.
These findings imply important implications for ADAM17 in cancer patients infected
with COVID-19 and provide new clues for development strategy of anti-COVID-19.

Keywords: ADAM17, cancer, SARS-CoV-2, susceptibility, therapeutics, small molecule
Abbreviations: SARS-Cov-2, Severe acute respiratory syndrome coronavirus 2; COVID-19, Coronavirus Disease 2019;
ADAM17, A disintegrin and metalloproteinase domain 17; ACE2, Angiotensin-Converting Enzyme 2; HPA, Human Protein
Atlas; NX, Normalized expression; IHC, Immunohistochemistry; GEPIA, The Gene Expression Profiling Interactive Analysis;
TCGA, The Cancer Genome Atlas.
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INTRODUCTION

SARS-Cov-2 has caused a worldwide pandemic of Corona Virus
Disease 2019 (COVID-19) since December 2019. It is an
enveloped virus belonging to the beta coronavirus family that
has infected about 300 million people worldwide and killed more
than 5 million. The process by which the entry of SARS-Cov-2
into host cells is mediated by transmembrane spike (S)
glycoproteins (1). Envelope-anchored S protein is cleaved into
functional S1 and S2 subunits in the boundary region. S1 binds to
host cell receptors, and S2 fuses with coronavirus membranes
and cell membranes (2). Emerging evidence suggests that both S1
protein-receptor interaction and the fusion of the viral envelope
with the host cell membrane are critical two steps in driving a
successful infection of SARS-Cov-2 (3).

Recently, multiple potential SARS-Cov-2-related receptors
have been identified, including heparan sulfate proteoglycans
(HSPGs), angiotensin-Converting Enzyme 2 (ACE2),
aminopeptidase N (APN), cathepsin L (CTSL), Heat Shock
Protein A5 (HSPA5), transmembrane serine protease 2
(TMPRSS2), furin, O-Acetylated Sialic Acid (O-Ac-Sia) (4–6).
Among them, ACE2 serves as a functional receptor of SARS-
Cov-2 spike glycoprotein that is widely expressed on the
membrane of apical epithelial cells, especially on ciliated
cells (7). In addition, ACE2 is also found in kidney,
cardiovascular, and gastrointestinal tissues. It can bind to the B
domain of COVID-19 virus S protein, enabling the virus to enter
target cells and start replicating leading to infection (8).
ADAM metallopeptidase domain 17 (ADAM17, Ensembl:
ENSG00000151694; OMIM: 603639), also known as ADAM18,
CD156B, CSVP, NISBD, NISBD1 and TACE, is another newly
identified potential receptor for SARS-Cov-2 (9). As a type-I
multidomain transmembrane protein, the pro-domain of
ADAM17 possesses catalytic activity (10). Once the pre-
domain is hydrolyzed, ADAM17 participates in the hydrolysis
and abscission of various extracellular functional regions of
proteins, such as ACE2 (11). Increased ACE2 shedding triggers
enhanced viral infection.

Infection of SARS-Cov-2 is closely connected with regulating
the body’s cellular immunity and humoral immunity. Initially,
the body protects against viral infection through humoral
immunity, i.e., neutralizing antibody (NAb) levels (12). Within
two weeks of infection, plasma cells increase and virus-specific
IgM and IgG can be detected (12). In the advanced stage of the
disease, lymphocytes, CD4+T cells, CD8+T cells and natural
killer cells (NK) are reduced in COVID-19 patients,
accompanied by cytokine storms. In addition, PD-1, T-cell
immunoglobulins, and mucin domain-3 (Tim-3) have also
contributed to exacerbating infection (13), indicating the
occurrence of adaptive immune escape.

Increasing evidence indicates that malignant tumors can
induce the transport of immature neutrophils and monocytes
into the tumor microenvironment, thereby causing
immunosuppression (14). Besides, after treatment with
chemotherapeutic agents and immunosuppressants, the body’s
immunity will also decline sharply, making the immune system
of cancer patients abnormally changed and patients more
Frontiers in Immunology | www.frontiersin.org 2
susceptible to infection. Immune cell infiltration in the tumor
microenvironment plays a key role in tumor development and
influences cancer patients’ prognosis. Studies have shown that
patients with advanced cancer are more likely to infect with
COVID-19 and have a worse prognosis than normal individuals
(15, 16).

ADAM17 has been reported to induce local tumor invasion
and metastasis via degrading the cell basement membrane and
extracellular matrix and affecting tissue remodeling. ADAM17 is
usually expressed in various malignant tumors, while rarely
expressed in normal cells (17), implying its specificity in the
tumor. The effect of ADAM17 on cancer patients infected with
COVID-19 and its correlation with immune cell infiltration have
not been fully elucidated. This study investigated ADAM17
expression in cancer patients and/or normal individuals by
bioinformatics analysis.
MATERIALS AND METHODS

Databases and Sources
The expressions of ADAM17 (Ensembl ID: ENSG00000151694)
in mRNA and protein from normal human tissues were obtained
from the database of Human Protein Atlas (HPA) (https://www.
proteinatlas.org/ENSG00000151694-ADAM17) (18, 19).
Immunohistochemical or immunofluorescence images of
ADAM17 in normal tissues (v20.proteinatlas.org/ENSG0000
0151694-ADAM17/tissue), tumor tissues (v20.proteinatlas.org/
ENSG00000151694-ADAM17/pathology), and cancer cell lines
(v20.proteinatlas.org/ENSG00000151694-ADAM17/cell#img)
were obtained from the HPA database (20, 21). The ADAM17
expressions were verified using the project of Genotype-Tissue
Expression (GTEx). The Gene Expression Profiling Interactive
Analysis (GEPIA) dataset (GEPIA 2) was obtained from the
website (http://gepia2.cancer-pku.cn/#index) (22) to compare
the expressions between tumor and matched normal tissues.
The ADAM17 structure with indicated residues of amino acids
for each domain was gained in the Uniprot database (https://
www.uniprot.org/uniprot/P78536) (UniProtKB/Swiss-Prot
number P78536.1). The NCBI (National Center for
Biotechnology Information) database was applied to perform
homology analysis (https://www.ncbi.nlm.nih.gov/homologene/
2395) (23). The correlation between ADAM17 and treated drugs
targeting ADAM17 was performed in the TISDB database
(http://cis.hku.hk/TISIDB/browse.php?gene=ADAM17) (24).

HPA (Human Protein Atlas) Analysis
for ADAM17
The mRNA and protein expressions of ADAM17 were analyzed
in normal and tumor tissues from the HPA database (https://
www.proteinatlas.org/ENSG00000151694-ADAM17) (21).
ADAM17 mRNA levels in various normal tissues were gained
from the consensus datasets of three sources of HPA, GTEx,
and FANTOM5 (18, 25). Consensus Normalized expression
levels for tissues and blood cells were acquired through the
above three datasets (v20.proteinatlas.org/about/assays
+annotation#normalization_rna). For IHC staining in these
June 2022 | Volume 13 | Article 923516
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data, two antibodies for ADAM17 (cat #: CAB025906, R&D
Systems; cat #: HPA010738, Sigma-Aldrich) were used for tissue
and cell line IHC staining (26).

GEPIA and Prognostic Value Analysis
for ADAM17
The ADAM17 mRNA expressions in 8,587 normal samples and
9,736 tumor tissues were analyzed with GEPIA (22). The
correlation between ADAM17 expression level and median
overall survival (OS) was also analyzed using the GEPIA database.

Immunohistochemistry (IHC)
ADAM17 antibody for IHC was purchased from Sigma
(HPA010738, Sigma-Aldrich). The IHC protocols were described
previously (27–29). b-actin was served as an internal control.

Correlation Analysis for ADAM17
Expression and Immunoregulation
We downloaded the pan-cancer dataset (PANCAN, N=10535,
G=60499) from the UCSC database (http://xenabrowser.net/)
and extracted the ADAM17 gene and 60 immune checkpoint
regulatory genes (30), 150 immune regulatory genes (41
chemokines, 18 receptors, 21 MHCs, 24 immunoinhibitors, 46
immunostimulators) and 64 tumor-related immune cells for
immune checkpoint genetic analysis, immunomodulatory gene
analysis, immune cell analysis, and immune invasion analysis,
respectively. Log2 (x+0.001) transformation was performed for
each expressed value. For immune cell infiltration analysis,
Pearson correlations of these genes were calculated using
TIMER (31) and deconvo xCell (32) algorithms of the R
software package IOBR (version 0.99.9) (33).

Statistical Analysis
ADAM17 expressions of samples in survival analysis were
divided into two groups (high vs. low) using a median
expression with overall survival (OS). Logrank with P < 0.05
was considered a significant difference.
RESULTS

Highly Conserved ADAM17 and Its
Structure for Ectodomain Shedding
Protein homology analysis suggested that ADAM17 protein is
highly conserved in various species, including H. sapiens,
chimpanzee, rhesus monkey, dog, cow, mouse, rat, chicken,
zebrafish, fruit fly, mosquito, C. elegans, and frog (Figure 1A),
suggesting that ADAM17 has the potential to recognize SARS-
CoV-2 spike proteins, which is similar to the function of ACE2
(23, 34). The UniProtKB/Swiss-Prot database analysis showed
that ADAM17 has a peptidase M12B domain, a disintegrin
domain, a crambin-like region, a cysteine switch motif and two
SH3-binding motifs (Figure 1B). The longest domain (252 aa) of
peptidase M12B (M12B proteinases, adamalysins or reprolysins)
is a catalytic domain with the metal endopeptidase activity (35,
36), which is zinc ion-dependent endopeptidases. The conserved
Frontiers in Immunology | www.frontiersin.org 3
cysteine presents in the cysteine-switch motif and binds with the
catalytic zinc ion to inhibit the enzymatic activity, whereas
cysteine dissociates from the zinc ion upon activation of the
peptide to release the activity of the enzyme (37). Disintegrins, a
family of small proteins in viper venoms, initially act as potent
inhibitors of platelet aggregation and integrin-dependent cell
adhesion (38), thus participating in the cellular-extracellular
matrix and subcellular interactions. The SH3-binding motif
originally binds to the Src homology 3 (SH3) region, the latter
of which binds with target proteins and mediates the functional
assembly of protein complexes. The crambin-like domain is an
amphipathic region (39). In addition, the topological
extracellular domain, the helical transmembrane, the
topological cytoplasmic domain and signal peptide are located
at 215-671, 672-692, 693-824, and 1-17 amino acid residues,
respectively. ADAM17 locates in the cytoplasm of cells
(Figure 1C, and Supplementary Figures 1A–D) and the
cytoplasm and membrane of tissues (Supplementary
Figure 1E). Collectively, these results suggest that ADAM17
may play a role in proteolysis and extracellular domain shedding
of diverse proteins, including ACE2 (40).

ADAM17 Is Mainly Expressed in Placental,
Lung, Nasopharynx, Bronchus, Bone
Marrow and Lymphatic Tissues
ADAM17 mRNA has low specificity in various human tissues
and is highly expressed in the placenta (NX: 29.0), followed by
the lung (NX: 24.7), and yet extremely low in total peripheral
blood mononuclear cell (PBMC) (NX: 6), liver tissue (NX: 7.8)
and NK cells (NX: 6) (Figures 2A, B). ADAM17 protein has
cytoplasmic and membranous expression in various tissues, with
moderate expression in 36 tissue types and low expression in the
remaining 9 tissues (Figures 2A, C). Brain mRNA expression for
ADAM17 showed either low tissue specificity or low region
specificity (Figure 2D). Immune cell type expression for
ADAM17 mRNA showed low immune cell specificity but
higher in monocytes and granulocytes (Figure 2E).

Since the process by which SARS-Cov-2 entering host cells is
mediated by transmembrane spike (S) glycoproteins. ACE2
serves as one of the main receptors for SARS-COV-2 that can
bind to the B domain of the COVID-19 viral S protein, which in
turn allows the virus to enter the target cells and begin to
replicate leading to infection. However, ACE2 is found to be
widely expressed on the membrane of the pulmonary ciliated
epithelium (7). Besides, in an in vivo study using an ACE2
mutant mouse model, it was found that acute lung injury and
even lung failure were aggravated by injection of coronavirus
spike, while treatment with recombinant ACE2 significantly
reduced acute lung failure (41). In this regard, it has been
speculated that increased plasma membrane binding to ACE2
may lead to higher infections (42). Here, we investigated the role
of ADAM17 in the human respiratory tract and found that its
mRNA or protein levels were markedly elevated in lung tissue,
rhinitis and bronchus (Figures 2B, C, F–H). In-depth analysis
showed that ADAM17 is expressed in pneumocytes (31.67%),
endothelial cells (28.33%), macrophages (10%) and bronchial
June 2022 | Volume 13 | Article 923516
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epithelial cells (5%) (Table 1). Immunohistochemical staining
revealed that the expression of ADAM17 protein was detected in
alveolar macrophages (blue arrows)/type I (red arrows) and type
II (black arrow) alveolar epithelial cells, which are mostly located
in the cytoplasm/cytoplasm (Supplementary Figures 2A, B).
Furthermore, HPA, GTEx and FANTOM5 database analysis
suggested that the mRNA level of ADAM17 in lung tissue was
significantly higher than ACE2 (30.88 = 24.7/0.8, Figure 2I). As
ADAM17 is a type I multi-domain transmembrane protein, and
participates in the hydrolysis and shedding of ACE2, the latter of
which further aggravates viral infection. We suggest that
ADAM17 might also play a key role in entering SARS-COV-2
into the lung cells.

While attacking the new coronavirus in the lungs, many
cytokines affect organs outside the lungs, such as the heart,
kidney, liver, and other organs. Expression of ADAM17 in those
tissues was also conducted in this study. The expression of
ADAM17 in normal and tumor tissues was lower in the kidney
and liver than in the heart (Figures 2A, B). Thus, we focused on
analyzing the expression of ADAM17 in normal heart tissue
because the cytokines can easily increase the severity in younger
people severity and eventually lead to death. The results are shown
in Supplementary Figure 3. The expression of ADAM17 protein in
normal heart tissue was medium in both two antibodies
(HPA010738, CAB025906) (Supplementary Figures 3A, B,
https://www.proteinatlas.org/ENSG00000151694-ADAM17/tissue/
heart+muscle), whereas the expression in normal heart tissue of
ACE2 protein was low in the ACE2 antibody CAB080024, and
antibody CAB080025, but there were no signals detected in the
ACE2 antibody HPA000288, antibody CAB026174, and antibody
Frontiers in Immunology | www.frontiersin.org 4
CAB026213 (data not shown, URL: v20.proteinatlas.org/
ENSG00000130234-ACE2/tissue/heart+muscle). Both proteins of
ADAM17 and ACE2 were also found to be the membranous and
cytoplasmic expression, mainly in the myocytes (Supplementary
Figures 3A–D, data not shown). The mRNA expressions
comparison between ADAM17 and ACE2 in heart tissues showed
that the ADAM17 mRNA levels are 1.28-fold higher than
ACE2 (Figure 2J).

Differential Expression of ADAM17 in
Tumor Tissues and Corresponding
Normal Tissues
By analyzing distinct malignant tissues, we found that ADAM17
was highly expressed in lung cancer tissues (9 FPKM) and low in
liver cancer tissues (1.3 FPKM) (Figure 3A). ADAM17 protein is
located in the membrane and cytoplasm in distinct tumor tissues.
Moreover, weak to moderate cytoplasmic immune responses
were observed in most tumor tissues (Figures 3B, 4A, B, data
not shown).

Next, we analyzed the expression values of ADAM17, HSPA5,
TMPRSS2, FURIN, and ACE2 in different cancers and
corresponding normal individuals. As shown in Figure 4C,
compared with relative normal tissues, only ADAM17 was
highly expressed in lung cancer, while the other four genes did
not show any significant difference. ADAM17 mRNA levels were
lower than HSPA5 and FURIN but higher than ACE2 and
TMPRSS2 in most cancer types (Figure 4D). Furthermore, we
analyzed ADAM17 mRNA and ACE2 mRNA from 994 samples
through the TCGA dataset and found that ADAM17 mRNA
level was 10-fold higher than ACE2 (Figure 4D), suggesting that
A

B

C

FIGURE 1 | Conservation, structure, and cellular localization of ADAM17 in humans. (A) Conservation for ADAM17 in the indicated different species. (B) Structures
of ADAM17. (C) A diagrammatic sketch of ADAM17 cellular localization. Green indicates ADAM17 in the cytosol, whereas gray indicates the absence.
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ADAM17 might play a critical role in SARS-Cov-2 entry in
patients of the lungs, which was supported partially by a
systematic review that showed the level of malignancy in lung
cancer patients correlated with the likelihood of having COVID-
19 (43).

Then, the ADAM17 mRNA expression profile across distinct
tumors and the corresponding normal tissues in pan-cancer were
assessed with the GEPIA dataset (Figures 4D, E). We found that the
ADAM17 gene was expressed in nearly all tumor tissues, and was
significantly upregulated in five types of tumors, including
Frontiers in Immunology | www.frontiersin.org 5
cholangio carcinoma (CHOL), brain lower-grade glioma (LGG),
glioblastoma multiforme (GBM), pancreatic adenocarcinoma
(PAAD), and stomach adenocarcinoma (STAD) (Figure 4F), and
these tumor tissues expressing ADAM17 at higher levels than
corresponding normal tissues in the brain and digestive tract
(Figure 4E). However, no significant difference in ADAM17
expression was observed in the remaining tumor tissues
(Figure 4E). The gene expression of ADAM17 in human tumors
and matched normal tissues were validated in the database of
ONCOMINE (Data not shown). ADAM17 expressions in lung
cancer were increased, but not significantly compared to normal
tissues in the TCGA dataset (Data not shown).

Next, the pathological stage plots in all indicated 26 cancer
types (http://gepia2.cancer-pku.cn/#analysis) were performed
and the results showed that the ADAM17 expressions are
positively correlated with advanced tumor stages of the pan-
cancer [Pr(>F), 2.5e-12] (Figure 4G); specific for kidney
chromophobe (KICH) [Pr(>F), 0.022], liver hepatocellular
carcinoma (LIHC) [Pr(>F), 0.0106], and ovarian serous
cystadenocarcinoma (OV) [Pr(>F), 0.0139]; but not for lung
A B

D E

F G IH J

C

FIGURE 2 | ADAM17 expression in normal tissues. (A) The summary of ADAM17 mRNA and protein expressions. Color-coding columns are based on tissue
groups, and each consists of tissues with common functional features. Respective images are the immunohistochemistry (IHC) staining of ADAM17 from the HPA in
normal tissues. (B) ADAM17 mRNA expressions from normal tissues. An NX value of 1.0 is defined as a threshold for ADAM17 mRNA expression. NX, normalized
expression. (C) ADAM17 protein levels in normal tissues were from the HPA. Protein expression data are presented for every 44 tissues. (D) Brain mRNA expression
for ADAM17. (E) Immune cell type expression for ADAM17 mRNA. The expression values were calculated as nTPM, which resulted from the internal normalization
pipeline for 18 immune cell types and total PBMC (peripheral blood mononuclear cells). HPA, Human Protein Atlas. (F) Expression summary in the lungs. pTPM,
protein-transcripts per million. (G) Expression summary in the nasopharynx. (H) Expression summary in the bronchus. (I) Comparison mRNA expressions for
ADAM17 and ACE2 in the lungs (NX values) from the HPA dataset. (J) The mRNA expression comparison between ADAM17 and ACE2 in normal heart tissues.
TABLE 1 | ADAM17 RNA expression in different cells from the lung.

Cell types Percentages

Pneumocytes 31.67
Bronchial epithelium 5
Endothelial cells 28.33
Macrophages 10
Other cell types 25
data was normalized to nine samples from HPA RNA-sequencing.
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cancers, either lung adenocarcinoma (LUAD) [Pr(>F), 0.067]
(Figure 4H) or Lung squamous cell carcinoma (LUSC) [Pr(>F),
0.945] (Data not shown).

The prognostic value for ADAM17 in pan-cancer was
investigated by Kaplan-Meier analysis and found that the high
expression of ADAM17 significantly decreased patients’ overall
survival (OS) in four types of cancers, i.e., adrenocortical
carcinoma (ACC), breast invasive carcinoma (BLCA),
mesothelioma (MESO), and liver hepatocellular carcinoma
(LIHC) (Figures 4I–L); whereas low expression of ADAM17
significantly decreased patient OS only in kidney renal clear cell
carcinoma (KIRC) (Figure 4M). These results indicate that the
OS of cancer patients is markedly reduced in most types of
malignant tumors.

ADAM17 Expression Is Associated With
Immune Cell Infiltration in Several Tumors
and Is a Potential Drug Target
Due to the indispensability of the immune system during
antiviral processes, the correlations between the expression of
ADAM17 and the level of immune infiltration in cancers were
performed. By analyzing the correlation between the ADAM17
Frontiers in Immunology | www.frontiersin.org 6
gene and immune invasion scores in 9,555 tumor samples from
39 cancer species, we observed a significant correlation between
the expression of this gene and immune invasion in 21 cancer
species, with 7 (GBMLGG, COAD, COADREAD, KIPAN,
READ, PAAD, DLBC) positive and 14 (CESC, ESCA, STES,
KIRP, UCEC, HNSC, LUSC, THYM, THCA, SKCM-M, SKCM,
TGCT, SKCM-P, ACC) negative correlations (Figure 5).

Besides, we collected ADAM17 gene and 60 immune
checkpoint regulatory genes, 150 immune regulatory genes (41
chemokines, 18 receptors, 21 MHCs, 24 immunoinhibitors, 46
immunostimulators) and 64 tumor-related immune cells for
immune checkpoint genetic analysis, immunomodulatory gene
analysis, immune cell analysis, and immune invasion analysis,
respectively. Bioinformatics analysis aimed to explore the
importance of the ADMA17 immune response in identifying
different types of cancer that might benefit from anti-ADAM17
therapy. Results showed that the expression of ADAM17 was
mutually exclusive of several tumor immune checkpoints, like
CD40LG, CX3CL1, VEGFB, TNFSF9, IFNA2 in ESCA, STES,
LAML, DLBC, UVM, THYM, KIRP, LGG or GBMLGG
(Figure 6A). Furthermore, ADAM17 was negatively connected
with several immunoregulatory genes (i.e., CCL25, CCL15,
A

B

FIGURE 3 | ADAM17 expression levels in different human cancers. (A) ADAM17 mRNA expression in different cancer tissues. (B) The protein expressions of
ADAM17. In each cancer type, color-coded bars show the percentage of patients with high and medium levels of ADAM17 protein. The cancer types are color-
coded according to organ type, and cancer originates.
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https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Wang et al. Immunomodulatory Effects of ADAM17
TNFRSF18, HHLA2, CXCL12, CXCL17, TMIGD2, CXCR5,
TNFRSF9, CCL25, CXCL17, IAG3, TNFRSF4) in ESCA, STES,
LAML, COAD, KIPAN, PRAD, READ, THYM, LUAD, MESO,
GBMLGG, THCA, UCS, or HNSC (Figure 6B).

Based onADAM17 gene expression, we reassessed the invasion
scores of aDC, Adipocytes, Astrocytes, B-cells, Basophils, CD4+
Frontiers in Immunology | www.frontiersin.org 7
memory T-cells, CD4+ naïve T-cells, CD4+ T-cells, CD4+ Tcm,
CD4+ Tem, CD8+ naïve T-cells, CD8+ T-cells, CD8+ Tcm, CD8+
Tem, cDC, Chondrocytes, Class-switched_memory_B-cells, CLP,
CMP, DC, Endothelial_cells, Eosinophils, Epithelial_cells,
Erythrocytes, Fibroblasts, GMP, Hepatocytes, HSC, iDC,
Keratinocytes, ly Endothelial cells, Macrophages, M1
A B

D

E

F

G

I

H

J K L M

C

FIGURE 4 | Differential expressions of ADAM17, HSPA5, ACE2, FURIN, and TMPRSS2 in tumors and corresponding normal tissues, and prognostic values of
ADAM17 expression in multiple cancer types. (A) The representative IHC images of tumors from Chinese breast cancer patients. (B) The representative IHC
images of tumors from Chinese lung cancer patients. IHC was performed by ADAM17 antibody (HPA010738, Sigma-Aldrich). B&D, enlarged images from A&C
respectively. (C) Expression comparisons of ADAM17 with HSPA5, TMPRSS2, FURIN, and ACE2 in 31 types of normal and cancer tissues. “T” stands for tumors,
whereas “N” denotes matched normal tissues. The cancer types of full names are shown on the right panel. (D) mRNA comparison between ADAM17 and ACE2
in lung cancer from the TCGA dataset. (E) The ADAM17 expression profiles across all cancers and paired normal individuals of tissues with dot plots. (F) ADAM17
was overexpressed in 5 cancer types with box plots. ADAM17 mRNA levels in cancers and matched normal individuals of tissues were obtained through the
dataset of GEPIA. *P<0.05. (G) Pathological stage plots in pan-cancer. Pr(>F), 2.5e-12. (H) Pathological stage plots in LUAD. Pr(>F), 0.067. (I-M) The prognostic
values for ADAM17 in five cancer types from the GEPIA dataset. I-M indicates ACC, BLCA, MESO, LIHC, and KIRC. *P < 0.05. The cancer types of full names are
presented on the right panel of Figure 4C. HR, Hazards Ratio. GEPIA, Gene Expression Profiling Interactive Analysis.
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Macrophages, M2 Macrophages, Mast cells, Megakaryocytes,
Melanocytes, Memory_B-cells, MEP, Mesangial_cells,
Monocytes, MPP, MSC, mv Endothelial cells, Myocytes, naïve
B-cells, Neurons, Neutrophils, NK cells, NKT, Osteoblast, pDC,
Pericytes, Plasma cells, Platelets, Preadipocytes, pro B-cells,
Sebocytes, Skeletal_muscle, Smooth_muscle, Tgd_cells, Th1
cells, Th2 cells, Tregs, ImmuneScore, StromaScore, and
MicroenvironmentScore in tumor tissues of cancer patients, and
found that the expression of ADAM17 was positively related to
some lymphocytes (Th2 and Men B) (Figure 7A), as well as B
cells, CD4 T cells, CD8 T cells, Neutrophils, Macrophages and DC
cells (Figures 7E, F). It was also positively related to regulatory T
Frontiers in Immunology | www.frontiersin.org 8
cells (Tregs) and M2 Macrophages, which exhibited the inhibition
of anti-tumor immunity and promotion of tumor development,
respectively (Figure 7F). We speculate that ADAM17 is likely to
be a novel target for tumor immunotherapy.

In addition, the results uncovered that the expression of
ADAM17 was positively correlated with an immunostimulator
(IL6R) (Figure 7B) and immunoinhibitors (CD274, KDR,
TGFBR1) (Figure 7C) in most cancer types. However, there
was a reverse correlation between the expression of ADAM17
and an immunoinhibitor (TNFRSF14) (Figure 7B).

Moreover, since ADAM17 correlated with immune cell
infiltration in multiple cancers, drugs targeting ADAM17 from
FIGURE 5 | The correlation between ADAM17 expression and immune invasion score in multiple cancer types.
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DrugBank database were performed, and results showed that
there are eight drugs targeted only for ADAM17 (Figure 7D),
which all are small molecules (Table 2).
DISCUSSION

As a global public health issue for COVID-19, understanding the
expressions and localizations of potential SARS-CoV-2 receptors
such as ACE2 and ADAM17 in host tissues may provide insights
into prevention or treatments that can reduce the viral infection
replication, COVID-19 spread, severity of pathology. It has been
shown that ACE2 is implied in viral infection (44–46). Other host
receptors like ADAM17 might also function as one of the receptors
for viral recognition (47). ADAM17 would closely relate to this viral
entry, and the distribution and expression levels of ADAM17 might
reflect the susceptibility, viral replication and viral entry. Inhibition
of ADAM17 would exert a protective effect on COVID-19 (48).
However, the ADAM17 expression in different normal tissues and
cancer patients, the impacts of ADAM17 on susceptibility for
SARS-CoV-2, and the significance for cancer patients in the
COVID-19 outbreaks are unclear.

The homological analysis showed that ADAM17 protein is highly
conserved in various species in this study. Its structures and
localization prediction indicated the role of ACE2 ectodomain
shedding when SARS-CoV-2 attacks, particularly in human airway
epithelia (49). ADAM17 is expressed in all normal tissues and
Frontiers in Immunology | www.frontiersin.org 9
upregulated in some tumor tissues, suggesting that all the organs
can be potentially infected. In normal lung tissues, ADAM17 mRNA
levels increased 30.88-fold more than that in ACE2, and in lung
cancer tissues, ADAM17 mRNA levels increased 10-fold more than
that of ACE2, suggesting that ADAM17 might play a critical role in
SARS-Cov-2 entry in cancer patients via lungs, which was supported
partially by a systematic review in cancer patients with COVID-19
that lung cancer was more likely to have the risk of COVID-19 when
studied the ACE2 expression (43). Moreover, the comparison of
ADAM17 expression among normal tissues of the lungs,
nasopharynx, and bronchus was also conducted and found to be
low at pneumocytes andmedium atmacrophages. Both protein levels
at the nasopharynx and bronchus are medium in respiratory
epithelial cells, demonstrating that ADAM17 at respiratory airways
might play a critical role in SARS-Cov-2 entry. ADAM17 has also
been shown to transform TNF-a precursors into soluble TNF-a, and
plays an important role in the processing of many substrates, such as
cell adhesion molecule, cytokine growth factor receptor, epidermal
growth factor receptor. In addition, ADAM17 can induce diabetes
and cardiomyopathy and play an important role in a variety of
tumors, such as gastric cancer, breast cancer, prostate cancer, cervical
cancer, etc. All these are of great significance to the further study of
ADAM17, especially, in cancer patients with SARS-CoV-2.

Furthermore, in cancer patients, higher expression of ADAM17
significantly decreased patient survival in overall survival (OS) in
four types of cancers, which was supported by our systematic review
results that 7.15% of COVID-19 patients (5,068) had cancer
A B

FIGURE 6 | Bioinformatics analysis of the immunomodulatory role of ADAM17 in multiple cancer types. (A) Correlation between ADAM17 and 60 genes related to
immune checkpoints. (B) Correlation between ADAM17 and 150 immunomodulators (41 chemokines, 18 receptors, 21 MHCs, 24 immunoinhibitors, and 46
immunostimulators). *P <0.05.
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coincidental situations, and the rate of more severe events of
COVID-19 patients with malignant cancers (33.33%) presented a
higher trend than that for all COVID-19 patients (16.09%) with a
significant difference (50).

When the virus enters the body, it will down-regulate the ACE2
level and facilitate the expression of AngII and AT1a receptor in the
lung, resulting in the increase of pulmonary capillary permeability
and lung injury via the activation of the immune system (cytokines
and inflammatory factors). In addition, SARS-CoV-2 fatality is
attributed to a cytokine storm triggered by excessive pro-
inflammatory responses. While attacking the lungs, a large
number of cytokines can cause damage to organs outside the
lungs, such as the heart, kidney, liver, and other organs. A large
number of plasma cytokines and chemokines (i.e., CCL2, CXCL8,
TNFa, etc) were found to be accumulated in patients with SARS-
Frontiers in Immunology | www.frontiersin.org 10
CoV-2 (51). In addition to acting as a viral binding receptor, ACE2
is also involved in modulating immune processes, leading to
cytokine storms and exacerbation of pneumonia (52). ADAM17
may be the master molecule involved in regulating IL-6 class
switching, and through this, it can control inflammatory response
to viral antigenic stimuli (53). We thus focus on analyzing the
expressions of ADAM17 in normal heart tissues because the
cytokine can easily increase the severity in younger people and
eventually lead to death (54, 55). The expressions in normal heart
tissues of ADAM17 protein were medium, whereas those in normal
heart tissues of ACE2 protein were under medium or lower,
localizing in both membrane and cytoplasm. The mRNA levels of
ADAM17 are increased 1.28-fold than that of ACE2 in heart
muscles. ADAM17, as a type I multi-domain transmembrane
protein, has a similar function to ACE2 and contributes to the
A B

D
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F

C

FIGURE 7 | Spearman correlations of the ADAM17 expression with tumor-immune systems in multiple cancer types and targeted drugs. (A) Lymphocytes.
(B) Immunostimulators. (C) Immunoinhibitors. (D) targeted drugs. (E) Correlation between ADAM17 and 6 tumor-related immune cells calculated with TIMER.
(F) Correlation between ADAM17 and 64 tumor-related immune cells and three Immune cell infiltration scores calculated with the deconvo xCell algorithm. *P <
0.05; **P < 0.005; ***P < 0.001; ****P < 0.0001.
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hydrolysis and shedding of ACE2, while an increase in shedding of
ACE2 can aggravate viral infection. Therefore, we speculate that
ADAM17 might play an important role in cytokine storms. Indeed,
compared to normal values, cytokine factors, including IL-6, were
higher in severe patients with COVID-19 (56, 57). Thus, ADAM17
should be considered a potential target for drug discovery that
regulates host reactivity to viral infection and prevents fatal
outcomes (58).

Moreover, drugs targeting ADAM17 from the DrugBank
database showed eight small molecule compounds targeted only
for ADAM17, demonstrating the therapeutic significance of
targeting ADAM17 for both the prevention of tumor progression
and SARS-CoV-2 attacking in immune implications.
CONCLUSION

In summary, our analysis uncovered that ADAM17 is expressed in
both normal (especially in the lung) and tumor tissues and is highly
expressed in several tumor samples. High expression of ADAM17
significantly reduces the prognosis of patients with malignant
tumors. These results suggest that ADAM17 may promote
coronavirus infection in patients with malignant tumors.
Frontiers in Immunology | www.frontiersin.org 11
Lung tissue cell analysis showed that ADAM17 protein was
highly expressed in respiratory epithelial cells of the nasopharynx
and bronchus, suggesting that viral infection may be mainly
distributed in respiratory epithelial cells. Eight drugs were targeted
only for ADAM17, demonstrating the immune implications of
targeting ADAM17 to prevent tumor progression and SARS-CoV-2
attack. These drugs that might be useful for targeting ADAM17 and
SARS-CoV-2 in addition to enhancement of respiratory tract
immune defense.
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TABLE 2 | Representative small molecule compounds targeting ADAM17.

DrugBank accession
number

Chemical name or compound name Chemical structure Chemical
formula

DB07189 (1S,3R,6S)-4-oxo-6-{4-[(2-phenylquinolin-4-yl)methoxy]phenyl}-5-azaspiro[2.4]
heptane-1-carboxylic acid

C29H24N2O4

DB07145 (2R)-N-hydroxy-2-[(3S)-3-methyl-3-{4-[(2-methylquinolin-4-yl)methoxy]phenyl}-2-
oxopyrrolidin-1-yl]propanamide

C25H27N3O4

DB07233 N-{[4-(but-2-yn-1-yloxy)phenyl]sulfonyl}-5-methyl-D-tryptophan C22H22N2O5S

DB06943 (3S)-1-{[4-(but-2-yn-1-yloxy)phenyl]sulfonyl}pyrrolidine-3-thiol C14H17NO3S2

DB07964 (3S)-4-{[4-(but-2-ynyloxy)phenyl]sulfonyl}-N-hydroxy-2,2-dimethylthiomorpholine-
3-carboxamide

C17H22N2O5S2

DB07121 4-({4-[(4-aminobut-2-ynyl)oxy]phenyl}sulfonyl)-N-hydroxy-2,2-
dimethylthiomorpholine-3-carboxamide

C17H23N3O5S2

DB07079 3-{[4-(but-2-yn-1-yloxy)phenyl]sulfonyl}propane-1-thiol C13H16O3S2

DB07147 Methyl(1R,2S)-2-(hydroxycarbamoyl)-1-{4-[(2-methylquinolin-4-yl)methoxy]benzyl}
cyclopropanecarboxylate

C24H24N2O5
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