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ABSTRACT: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-related critical illness, i.e., severe
form of coronavirus disease 2019 (COVID-19), is associated with a hyperinflammatory state. In COVID-19 disease,
several components of the body, including the complement system, different cells such as endothelial cells, platelets,
monocytes, and neutrophils, and various pro-inflammatory cytokines such as interleukin-6 and tumor necrosis factor
α, can contribute to a state of coagulopathy, and ultimately, all these factors cause extensive tissue damage. This
pathological process may contribute to increased aggressiveness in cancer cells or to the reawakening of dormant
cancer cells. Studies have documented an increase in the incidence of aggressive breast cancer, such as triple-negative
breast cancer, tumors with overexpression of human epidermal growth factor receptor 2 (HER2), and lymph node
involvement during the COVID-19 pandemic. One etiological mechanism is perhaps the activation of neutrophils and
the formation of neutrophil extracellular traps, which are thought to be linked to both severe COVID-19 disease and
aggressive tumors.

KEYWORDS: Severe acute respiratory syndrome coronavirus 2 infection; inflammation; breast cancer; malignant
tumors; prognosis

1 Introduction

The critical phase of the coronavirus disease 2019 (COVID-19) pandemic, caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA virus, occurred from December 2019 to
roughly the middle of 2021. Several studies have shown an association between COVID-19 and different
molecules/signaling pathways that are also involved in cancer, e.g., epidermal growth factor (EGF) and
related receptor family members (such as EGFR and HER2) [1–3], interleukin-6 (IL-6), tumor necrosis
factor α (TNF-α), mitogen-activated protein kinase (MAPK), the phosphatidylinositol 3-kinase/protein
kinase B (PI3K/AKT) pathway, Janus kinase/signal transducer and activator of transcription (JAK/STAT),
and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) [3,4]. Many of these are
associated with the inflammatory process. For example, in a study in Cuba, Pérez & Crombet observed a
relationship between serum EGF and the inflammatory condition of COVID-19 patients, as measured by the
neutrophil-lymphocyte ratio and platelet-lymphocyte ratio [1]. Furthermore, the researchers of a Korean
study categorized 444 COVID-19 patients according to disease progression into two groups: deterioration
phase (moderate cases-52, severe-28) and recovery phase (moderate-72, severe-27) [3]. Differences were
observed between the deteriorating and recovering groups in various cytokines, including CXCL10, PTX3,
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and TNFSF10. Interestingly, these cytokines are associated with signaling pathways such as JAK-STAT,
NF-κB, and MAPK, which are involved in the inflammatory response. Notably, severely infected COVID-19
patients experience a hyperinflammatory state (or cytokine storm), which is characterized by the release
of an excessive amount of pro-inflammatory cytokines like IL-6 and TNF-α, as well as the recruitment of
immune cells such as neutrophils and lymphocytes into the affected organs, like the lungs.

Besides the higher risks of severe COVID-19 disease, bacterial infections with increased antibiotic
resistance, and mortality in cancer patients with COVID-19, the pandemic generally showed an increase in
advanced malignant features, including elevated risk of lung metastasis and cancer-related death [5–7].
A similar situation has also been considered in the case of breast cancer [8]. In COVID-19, inflammatory
mediators like IL-6 can initially activate dormant cancer cells in the lung (or other tissues), and subsequently,
immune cells such as T-cells are unable to control the activity of these cancer cells.

2 COVID-19 and Breast Cancer

Overall, the diagnosis of breast cancer decreased during the pandemic phase compared to the
pre-pandemic period—this feature was commonly recorded throughout the world, probably due to a
hindrance in the healthcare system, including cancer screening. On the other hand, during the pandemic
and post-pandemic times, many investigators noticed an upsurge in aggressive breast tumors, such as
triple-negative tumors (TNBC) and increased lymph node involvement, including distant metastasis [9–11].
However, these variations might occur depending on cancer type, geographical location, and
sociodemographic factors. For instance, a study on Utah women (United States) observed an increase in
late-stage breast cancer incidence among Hispanic women, while late-stage cervical cancer incidence was
increased in non-Hispanic White women during the pandemic compared to the pre-pandemic period [12].
Moreover, an Italian study documented a higher risk of hospitalization and death in SARS-CoV-2-positive
individuals with cancer (current cases) or a history of cancer, particularly in neoplasms of the lung and
breast and hematological malignancies [13]. It is worth noting that dormant cancer cells may be present in
individuals with a previous history of malignant disease [14]. Furthermore, patients with different cancers,
including breast cancer, who underwent surgical procedures within two weeks of COVID-19 diagnosis,
had a higher incidence of post-operative complications, along with mortality, compared to those without a
COVID-19 infection [15,16]. Nevertheless, one of the critical factors for the adverse clinicopathological
features of breast cancer in the pandemic period was perhaps the delay in diagnosis and treatment.

The entry of the SARS-CoV-2 virus occurs generally through the binding of its spike (S) glycoprotein to
the angiotensin-converting enzyme 2 (ACE-2) of the host’s target cells. However, the virus can also utilize
other transmembrane proteins, such as extracellular matrixmetalloproteinase inducer (EMMPRIN) or CD147,
transmembrane serine protease 2 (TMPRSS2), and ADAM metallopeptidase domain 17 (ADAM17) [17].
Interestingly, these cell-surface proteins are also associated with cancer-related pathological processes
in different ways. Physiologically, the conversion of angiotensin I to angiotensin II is catalyzed by ACE,
a crucial step in the renin-angiotensin-aldosterone system, which regulates blood pressure. Conversely,
the ACE homolog ACE-2 converts angiotensin II to angiotensin 1-7, counterbalancing the activity of
ACE; thus, ACE and ACE-2 are functionally antagonistic [17]. Apart from supporting viral entry, ACE-2 is
overexpressed in various tumor tissues, including carcinomas of the lung, pancreas, kidney, and colon, but
exhibits a tumor-suppressive character in some cancers, like breast cancer, by inhibiting angiogenesis [18].
In addition, it is believed that SARS-CoV-2 entry decreases the expression of ACE-2, resulting in an increase
in angiotensin II, which interacts to a greater extent with its receptors (AT1R and AT2R). This interaction
successively promotes angiogenesis via the PI3K/AKT/NF-κB signaling pathway and eventually by vascular
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endothelial growth factor (VEGF). In a study using MDA-MB-231 breast cancer cells and female CD1
nu/nu mice, Tang et al. demonstrated that EMMPRIN also promoted tumor angiogenesis by stimulating
VEGF [19]. On the other hand, McGowan et al., using breast cancer tissue samples and primarily MCF-7
cells, observed that ADAM-17 (alternatively referred to as TNF-α converting enzyme) was involved in
tumor progression [20].

In an interesting study, Sommariva et al. documented the impact of SARS-CoV-2 infection in MCF-7,
MDA-MB-231, and HCC1937 breast cancer cells [21]. Of note, the estrogen receptor (ER) and progesterone
receptor (PR)-positive MCF-7 cell line represents the luminal A subtype, whereas the MDA-MB-231 and
HCC1937 cell lines are negative for ER, PR, and HER2 and serve as models for TNBC. However, the
investigators of this study found that, for viral replication, the most permissive cell line was MCF-7,
and tamoxifen treatment reduced the viral replication rate, indicating ER involvement. In another study,
the SARS-CoV-2 membrane (M) protein induced proliferation, mobility, stemness (i.e., stem cell-like
characteristics), and in vivo metastatic ability of MDA-MB-231 cells in female C57BL/6J mice, as compared
to MCF-7 cells that displayed a lesser response to the M protein [22]. The abovementioned changes in
MDA-MB-231 cells were associated with upregulation of the NF-κB and STAT-3 pathways. Interestingly,
the investigators observed a similar aggressive behavior in MCF-7 cells, with upregulation of genes linked
to the epithelial–mesenchymal transition (EMT) and inflammatory cytokines, when cocultured with M
protein-treated MDA-MB-231 cells [22]. Therefore, the SARS-CoV-2 virus might influence the aggressive
behavior of breast cancer and particularly poor prognosis in TNBC patients. On the other hand, in a study
conducted by Brichenko and colleagues, incubation with the SARS-CoV-2 S protein for up to 72 h did
not produce significant changes in the proliferative activity of either MDA-MB-231 or MCF-7 cells [23].
However, viral S protein administration in both breast cancer cell lines increased the cell cycle regulator
p53 levels, which might be mutant p53, at least in MDA-MB-231 cells. Intriguingly, unlike these breast
cancer cells, the SARS-CoV-2 S protein has been shown to inhibit the proliferation and growth of the SiHa
cell line [24], which is derived from HPV-16-positive cervical squamous cell carcinoma. Additionally, in
SiHa cells, the S protein induced apoptosis and upregulation of p53.

Clearly, in vitro, cells show distinct responses to actual viral infection compared with exposure to
viral proteins. Viral infections are associated with viral entry into host cells, completion of their life cycle,
the production of active virions, and cytopathic effects. In contrast, exposure to viral proteins leads to
phenomena such as binding to cell-surface receptors, endocytosis, effects on intracellular signaling, and
immune responses in appropriate settings. The aforementioned study by Sommariva et al. on three breast
cancer cell lines displayed that SARS-CoV-2 infection led to a continuous increase in viral RNA copy number
in all cell lines for the first 72 h after infection, along with a reduction of about 20% in cell proliferation during
that time [21]. Furthermore, SARS-CoV-2 infection had the strongest effect on MDA-MB-231 cells (293
genes affected), followed by MCF-7 cells (218 genes) and HCC1937 cells (69 genes). Regarding exposure to
viral proteins, Nguyen et al. observed that, compared with the SARS-CoV-2 S and nucleocapsid (N) proteins,
the M protein induced a greater migration ability in MDA-MB-231 and MCF-7 cells [22]. In addition to
enhancing stemness and EMT-related genes, the M protein induced upregulation of mesenchymal markers,
such as N-cadherin and vimentin, and of the SARS-CoV-2 binding receptors ACE-2 and TMPRSS2, as well
as increased expression of TNF-α, IL-6, and IL-8 in MDA-MB-231 cells, but not in MCF-7 cells. On the other
hand, Brichenko et al. documented that treatment with the S protein altered the cell phenotype, particularly
in MDA-MB-231 cells—for example, a decrease in CD105+CD90+ and CD105+CD90− subpopulations [23].
Of note, CD105+CD90+ surface marker denotes mesenchymal stem cells (MSCs), and CD105+CD90− shows
the characteristics of a less mature/modified subset of MSCs.
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3 The Role of Neutrophils and NETs in Breast Cancer

Around seven million people worldwide have died due to COVID-19, which has shown an increased
risk for individuals with comorbidities such as obesity and metabolic disorders like type 2 diabetes
mellitus and cancers, including breast cancer [17,25]. Apart from problems in the healthcare system
during the pandemic period, poor outcomes in cancer patients with SARS-CoV-2 infection could be due
to several other factors, e.g., immunosuppressive effects of COVID-19, cancer, and treatment procedures
like chemotherapy or radiotherapy, hypoxia-related impacts on tumor cells, and consequences of excessive
release of pro-inflammatory cytokines. In fact, the underlying pathology of disease severity in COVID-19
results from interactions among various factors, e.g., complement activation, immune cell responses,
pro-inflammatory cytokines, and hyperactivity of coagulation proteases [26]. In patients with COVID-19,
complement activation triggers cells like endothelial cells, monocytes, and neutrophils, leading to the
release of pro-inflammatory cytokines, as well as potentiating the formation of neutrophil extracellular
traps (NETs) or NETosis, and the thrombotic pathway. Of note, NETs are mesh-like structures derived
from activated neutrophils and consist of DNA, histone proteins, proteolytic enzymes, and other cytosolic
proteins to entrap and kill pathogens (Fig. 1). Aside from the beneficial role of NETs against pathogens,
excessive or imbalanced NETosis may contribute to coagulopathy or thrombotic disorders and specifically
cancer-associated thrombosis [27]. Therefore, while NETs in COVID-19 patients are responsible for
immunothrombosis, on the other hand, NETs construct a physical barrier for the movement of immune cells,
and along with other pro-inflammatory factors, NETs could induce activation of dormant cancer cells [28],
cause harmful changes in the tumor microenvironment, induce EMT, and promote metastasis [14]. In this
context, it is worth mentioning that many investigators have documented leukocytosis as an important
risk factor for mortality in cancer patients with COVID-19 [29,30]. In general, roughly 40% to 60% of total
white blood cells (WBCs) or leukocytes are neutrophils, and thus the most common cause of leukocytosis
(i.e., a WBC count exceeding 11,000 cells/µL) is neutrophilia, defined as a neutrophil count greater than
7700/µL [31].

It is pertinent to note that several NET-inducers have been suggested, for instance, cholesterol crystals,
inflammatory cytokines, immune complexes, tumor cells, microbes, including viruses, and activated
platelets [27]. Alternatively, NETs promote platelet activation, i.e., the initiation of primary hemostasis,
thereby activating the coagulation cascade. Hence, NET-associated thrombus formation provides a scaffold
for platelets, erythrocytes, extracellular vesicles, and other pro-coagulant molecules, such as vonWillebrand
factor (vWF), fibrinogen, factor XII, and tissue factor, and can cause vessel occlusion [27]. Clearly, the
development of thrombus due to excessive NET formation could be harmful and might hinder the movement
of various blood cells, including immune cells. In addition, NETs play a key role in immunothrombosis, in
which innate immune cells can exhibit prothrombotic activity. Notably, NET formation in cancer could
be induced by tumor-educated platelets (which are modified by the tumor) and cytokines, apart from
tumor cells; and interestingly, cancer is involved with both arterial and venous thrombosis [27]. On the
other hand, a recent study has shown that NETs promoted pro-metastatic signaling and thus metastatic
dissemination [32]. In this connection, it is noteworthy that Albrengues et al., in an in vivo study using
MCF-7 and murine D2.0R breast cancer cells and syngeneic BALB/c and nude mice, documented that
NETs formed during inflammation induced the awakening of dormant cancer cells [28]. In particular,
NET-associated proteases, such as neutrophil elastase (NE) and matrix metalloproteinase-9 (MMP-9), were
involved in remodeling the extracellular matrix (precisely, laminins).
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Figure 1: Schematic diagram of neutrophil extracellular traps (NETs) and another comparable phenomenon,
neutrophil-derived extracellular vesicles. A, Neutrophil extracellular traps; B, Neutrophil; C, Neutrophil-derived
extracellular vesicles. The micrograph in the upper left is a human neutrophil in its early stage (which belongs
to a category of less mature band neutrophils, with a typical diameter of 10–18 µm) selected from a peripheral
blood smear (original micrograph captured by the authors). The yellow arrow indicates its progression to a mature
segmented neutrophil, as illustrated in sketch B. Footnote: Neutrophil-derived extracellular vesicles are generated in
response to inflammatory stimuli, although they also mediate intercellular communication. In addition, these vesicles
extraordinarily perform both pro-inflammatory and anti-inflammatory functions.

An important role of NETs in COVID-19 was initially hypothesized based on the disease’s link with
a number of health conditions that are also associated with NET dysregulation, for example, obesity,
hypertension, cardiovascular disease, chronic inflammatory disease, and rheumatoid arthritis [33]. Apart
from triggering thrombosis by high blood levels of NETs in COVID-19, the components/by-products
of NETs, such as released histones and high concentrations of proteases, are toxic to cells, particularly
endothelium and epithelium, as well as stimulation of the inflammatory process by extracellular DNA [33,34].
Interestingly, NETs can be a source of circulating DNA in blood, in addition to apoptosis. In healthy individuals,
the turnover of leukocytes, i.e., apoptosis and replacement by new cells, is a common source of circulating
cell-free DNA, which is generally present as mononucleosome-associated (precisely, DNA around a histone
octamer). In a study conducted by Pisareva et al., a significant increase in circulating DNA levels was
observed in the plasma of COVID-19 patients, which correlated positively with NE and myeloperoxidase
(MPO) levels compared with those in healthy individuals [35].

In a study in Sweden, blood samples were analyzed from 30 healthy individuals (controls) and 106
patients with COVID-19 (high respiratory support–19 cases, deceased–11) [36]. Patients were followed
for 4 months. Compared with controls, patients had elevated plasma levels of nucleosomal citrullinated
histone H3, cell-free DNA, and NE, which were correlated with inflammatory state (TNF-α and IL-6) and
endothelial damage (vWF). These findings verified a link between an immunothrombotic state and NET
markers that also revealed a relation to disease severity/clinical outcome. Similarly, in a case-control
study on hospitalized patients with COVID-19, which included 11 patients who developed thrombosis
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and 33 patients without a thrombotic event (i.e., matched controls) [37]. In comparison with controls,
the thrombosis group displayed higher levels of calprotectin, which is present mainly in neutrophils,
and markers of NETs, such as cell-free DNA, MPO-DNA complexes, and citrullinated histone H3; these
parameters demonstrated a strong correlation with D-dimer, a product of blood clot/fibrin degradation. On
the other hand, Kapoor et al. examined a large cohort of subjects: infection with the Delta variant–351
patients, Omicron–53, and healthy individuals–140 [38]. In this study, plasma levels of different NET
markers, such as NE, MPO, and circulating nuclear DNA, showed a significant and gradual increase with the
disease severity. Intriguingly, even asymptomatic cases of COVID-19 exhibited higher levels of NETs than
healthy individuals. Taken together, the findings from the abovementioned studies illustrated an association
between the formation of NETs and COVID-19, as well as related phenomena such as inflammation, cellular
injury, and hemostatic disorders, culminating in disease severity.

The negative impact of SARS-CoV-2 and other respiratory viruses, like influenza A virus, on
breast cancer, particularly HER2-positive tumors, might be primarily mediated by dysregulated immune
responses [39–41]. Interestingly, infections with different viruses, including COVID-19, could play an
important role in autoimmune diseases such as systemic lupus erythematosus (SLE) [42]. One common
pathological feature of these diseases, i.e., infections with SARS-CoV-2 and influenza A virus as well as SLE,
is the formation of NETs [43–45] (Table 1). Moreover, in SLE, NET activation has a fundamental role in the
disease process, including the promotion of EMT and lung injury [43]. It may be worth noting that the
EMT enables cancer cells to acquire invasive/metastatic characteristics.

Table 1: Influences of COVID-19 on breast cancer and autoimmune diseases like systemic lupus erythematosus (SLE),
in relation to the formation of NETs, as well as probable comparable effects of the recent influenza pandemic.

Disease Pathologies Investigators, Study Types,
and Methods Findings Biological Mechanisms

Virus-related biological
effects in breast cancer

Chen et al. 2025 [39]. The data
obtained from the COVID-19
Host Genetics Initiative
genome-wide association
study (GWAS).

The investigators isolated
two immune cell subsets,
specifically IgD-CD27-AC
(atypical memory B cells)
and CD27 on
IgD+CD38-unsw mem
(memory B cells), as
mediators linking critically
ill COVID-19 to HER2+
breast cancer.

The study indicated that
critically ill COVID-19 cases
affected HER2+ breast cancer,
probably through the
dysregulation of these
immune cell subsets.

Wang et al. 2025 [40]. In the
retrospective and prospective
cohort study, the responses to
the neoadjuvant chemotherapy
(i.e., medication prior to the
main treatment, particularly
surgery) were evaluated
between breast cancer patients
with or without COVID-19.

Breast cancer patients with
COVID-19 displayed poor
responses to neoadjuvant
chemotherapy, including a
poor prognosis in HER+
cases.

The study identified ABLIM1
and GZMM as potential
genes responsible for
hindering therapeutic
efficacy (ABLIM1 encodes a
protein that binds to actin,
and GZMM encodes
Granzyme M, which is
associated with
inflammation and the
immune response).

Chia et al. 2025 [41]; in vivo
study.
MMTV-Her2 mice were
infected with the influenza A
virus (sublethal dose). HER2+
cancer cells may exist as
dormant cells in various
organs, including the lungs.

In the lung, viral infection
disrupted the dormancy of
cancer cells, leading to rapid
cell proliferation and
expansion.

The phenomena were
dependent on IL-6 and
impairment of T cell
activation, including
inhibition of CD8+ T cells.
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Table 1: Cont.

Disease Pathologies Investigators, Study Types,
and Methods Findings Biological Mechanisms

SLE, COVID-19, and NETs

Rajalingam et al. 2025 [42].
The information was obtained
from the GEO database for
rhinovirus, influenza virus,
respiratory syncytial virus, and
COVID-19.

The aim was to determine
the extent of autoimmune
activation against antigens
associated with these
respiratory viruses. The
observation led to the
identification of three genes:
TRIM21, ELANE, and CTSG.

These three genes are
thought to be involved in
various pathways, including
NETosis, apoptosis, the RAS,
and the lysosome, which are
commonly activated in the
SLE pathway in genetically
susceptible SLE patients.

Lin et al. 2023 [43]. Lung
biopsy samples were analyzed
using histopathology and RNA
sequencing from patients with
SLE, COVID-19-induced
pulmonary fibrosis, and
idiopathic pulmonary fibrosis.

There were higher levels of
NETs in the pulmonary
tissues of SLE and COVID-19
than in those with idiopathic
pulmonary fibrosis.
NETosis-associated genes
were significantly enriched
in SLE and COVID-19.

The pathway of NET
formation promoted EMT
and expression of α-SMA,
Twist, and Snail, but
decreased E-cadherin
expression. SLE and
COVID-19 possibly activate
the NETs/EMT axis in
pulmonary fibrosis.

Knopf et al. 2022 [44]. The
study assessed NET formation
in a cohort of SLE patients
using blood samples collected
before COVID-19 and during
the pandemic.

NE activity and the presence
of NE-DNA complexes
differed significantly
between the pre-pandemic
and pandemic serum
samples.

In COVID-19-positive
samples, a significant
positive correlation was
observed between NE
activity and
WBC/neutrophils; however,
in COVID-19-negative
samples, NET markers did
not correlate significantly
with other clinical
parameters.

Influenza virus,
anaphylatoxin, and NETs

Garcia et al. 2013 [45]; in vivo
study.
C57Bl/6j mice were infected
intranasally with the
mouse-adapted influenza A
virus (H1N1).

Complement C5a
(anaphylatoxin) was
increased in bronchoalveolar
fluid due to influenza A virus
infection.

C5a activation was involved
in inflammatory lung injury.
Similarly, increased levels of
C5a were detected in severe
cases during the most recent
H1N1 influenza pandemic.
During influenza A virus
infection, NETs are produced
and associated with alveolar
damage.

Note: EMT, Epithelial-mesenchymal transition; GEO, Gene expression omnibus; NE, Neutrophil elastase; RAS, Renin-angiotensin
system.

It is thought that through the formation of NETs, neutrophils play a significant role in the pathology
of TNBC [46,47]. In a study conducted in China, investigators examined circulating levels of the markers of
NETs, such as MPO-DNA complexes, nucleosomes, and NE, as well as hypercoagulability markers such
as thrombin-antithrombin III, fibrinogen, and D-dimer, in 112 metastatic breast cancer patients and 55
healthy controls [48]. Among patients, NET markers were significantly elevated and positively correlated
with hypercoagulability markers. Perhaps, in certain aggressive breast cancer subtypes, such as TNBC
and HER2-positive tumors, NETs promote both inflammation and a hypercoagulable state, thus facilitating
cancer-associated thrombosis [49,50]. Of note, cancer-associated thrombosis can occur as a complication
of cancer or its therapy, although the risk is low in breast cancer in comparison to some other cancers,
such as pancreatic and ovarian cancers [51]. Nevertheless, in breast cancer, obesity (a poor prognostic
factor) and de novo cholesterol biosynthesis have also been shown to be linked with NETs formation and
metastasis [52,53].
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4 Conclusion

In both the aggressive forms of breast cancer and the critical illness of COVID-19, there are some
commonalities between these two different pathological processes. In cancer patients with SARS-CoV-2
infection, these two disease processes may act synergistically, increasing the magnitude of adverse effects.
One of these pathological characteristics is the imbalanced activation of neutrophils, leading to the
overproduction of NETs. Although certain therapeutic strategies targeting NETs have been studied, such
as PAD4 inhibitors (e.g., Cl-amidine and GSK484), DNase I (e.g., recombinant human deoxyribonuclease
I/dornase alfa), and elastase inhibitors (e.g., Sivelestat), these therapeutic compounds are usually in the
preclinical stage, and obviously, there is a need to address their adverse effects. Interestingly, some
phytochemicals, such as curcumin, resveratrol, and kaempferol, have also been studied for their efficacy in
preventing NETosis. HER2-positive breast cancer or TNBC commonly develops, and suitable approaches to
inhibit the formation of NETs could effectively improve the strategies for cancer therapy.
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Abbreviations

AKT a serine/threonine protein kinase/protein kinase B
AT1R Angiotensin II type 1 receptor
AT2R Angiotensin II type 2 receptor
C3a A fragment of the complement component C3
C3aR C3a receptor
C5a A fragment of the complement C5
C5b A fragment of the complement C5 (the first component in the MAC

formation)
COVID-19 Coronavirus disease 2019
CXCL C-X-C motif chemokine ligand
CXCR CXC chemokine receptor
EGFR Epidermal growth factor receptor
ERK Extracellular signal-regulated kinase (a member of the MAPK family)
FcR Fc receptor, binds the Fc portion of the immunoglobulin molecule
G-CSF Granulocyte-colony stimulating factor
HER2 Human epidermal growth factor receptor 2
HMGB1 High mobility group box 1, a nuclear protein, binds with RAGE and

toll-like receptors
HPV Human papillomavirus
IL Interleukin
JAK Janus kinase
M protein Viral membrane protein
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MAC Membrane attack complex
MAPK Mitogen-activated protein kinase
MMP9 Matrix metalloproteinase-9
NADPH Nicotinamide adenine dinucleotide phosphate (reduced form)
NADPH oxidase an enzyme complex, generates ROS
NE Neutrophil elastase
NETs Neutrophil extracellular traps
NF-κB Nuclear factor kappa-light-chain-enhancer of activated B cells
PAD4 Peptidylarginine deiminase type 4
PI3K Phosphatidylinositol 3-kinase
PRR Pattern recognition receptor that also includes toll-like receptors
PTX3 Pentraxin 3
RAGE Receptor of advanced glycation end products
ROS Reactive oxygen species
S protein Viral spike protein
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
STAT Signal transducer and activator of transcription
TF Tissue factor
TNBC Triple-negative breast cancer
TNFSF10 Tumor necrosis factor (ligand) superfamily, member 10
vWF von Willebrand factor
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