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Abstract: Antibodies are a type of protein produced by active B cells in response to antigen stimu-
lation. A series of monoclonal antibodies and neutralizing antibodies have been invented and put
into clinical use because of their high therapeutic effect and bright developing insight. Patients with
cancer, infectious diseases, and autoimmune diseases can all benefit from antibody therapy. However,
the targeting aspects and potential mechanisms for treating these diseases differ. In the treatment
of patients with infectious diseases such as COVID-19, neutralizing antibodies have been proposed
as reliable vaccines against COVID-19, which target the ACE2 protein by preventing virus entry
into somatic cells. Monoclonal antibodies can target immune checkpoints (e.g., PD-L1 and CTLA-4),
tyrosine kinase and subsequent signaling pathways (e.g., VEGF), and cytokines in cancer patients
(e.g. IL-6 and IL-1β). It is debatable whether there is any connection between the use of antibodies in
these diseases. It would be fantastic to discover the related points and explain the burden for the
limitation of cross-use of these techniques. In this review, we provided a comprehensive overview
of the use of antibodies in the treatment of infectious disease and cancer patients. There are also
discussions of their mechanisms and history. In addition, we discussed our future outlook on the use
of antibodies.
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1. Introduction

By producing immunoglobulins against foreign antigens, B cells play a critical role
in the adaptive immune response. Immunoglobins, also known as antibodies, are a type
of glycosylated protein molecule that appears on the surface of B cells and is secreted
into the body fluid to perform a neutralizing function by binding to specific antigens.
Immunoglobulins are classified into five subtypes: IgM, IgD, IgG, IgA, and IgE, respectively
(Figure 1A). These subtypes are classified based on the structure of the immunoglobulin
(Figure 1B). The immunoglobulin is made up of four proteins that are linked together by
disulfide bonds. Based on molecule weight, these four proteins are referred to as "heavy
chain" and "light chain". The antigen-binding side is also formed by the combined efforts
of the heavy and light chains at the N-terminus. Furthermore, the classification is based on
the C-terminus regions of the heavy chains. Although the C-terminus is not involved in
antigen binding, the effector functions are essential [1].

Antibodies perform their duty in the following ways: (1) Neutralizing the correspond-
ing targets. (2) Activating immune cells by binding to Fc receptors. (3) Activating or
deactivating classical pathways. Under normal circumstances, B cells collaborate with
other immune system components. There are, of course, exceptions. Autoimmune disease
occurs when the immune system becomes overly active. In patients with systemic lupus
erythematosus, for example, IgG levels are significantly higher than normal, which may
be caused by polysaccharide antigens or cytokines (e.g. IL-4 and IL-21). Interestingly and
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importantly, the autoimmune disease may be caused by microbial infection. Jasemi S, et al.
showed the impact of infection by microbial to rheumatoid arthritis etiopathogenesis. They
measured the titers of antibodies derived from Porphyromonas gingivalis, Aggregatibacter
actinomycetemcomitans, Mycobacterium avium subsp. Paratuberculosis, and Epstein–Barr
virus were compared with RA descriptors. Their study demonstrates the significance
of increased humoral response in RA pathogenesis, which gives clues for RA antibody
therapy [2]. Meanwhile, Bo M, et al. successfully employed bioinformatics analysis [3]
and a mouse model [4] to identify and validate the potential biomarker and therapeutic
point for the autoimmune disease. They reported IRF5 as a potential target of autoimmune
response triggered by microbial infection, indicating cytokines as an essential direction for
antibody-based drug development.
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Figure 1. Pattern diagram of antibody subtypes and structure. (A) IgG is the most abundant type
of antibody. IgM takes 5–10% of total antibodies in the serum. IgA accounts for 10–15% of total
immunoglobulins in the serum. IgD (0.2%) and IgE (0.3%) only account for a minor portion of whole
serum antibodies. (B) The structure of an immunoglobulin.

Cancer patients may have had a weakened immune system, which should have
eliminated the cancerous cells. There is already a wide range of antibody products available
for cancer treatment. All three of the mechanisms mentioned above have been used, and
they will be introduced and discussed further below.

In air-breathing vertebrates, the lung is an essential organ for gas exchange. The lung
is located in the chest cavity and is protected by a thin membrane called the pleura. The
main bronchus connects the left and right lungs to the trachea. The heart is also linked to
the lungs via pulmonary arteries and veins, which allow blood to flow in and out of the
lungs. The actual gas exchange occurs in the alveoli, which are located at the end of the
subdividing bronchus [5]. In addition to gas exchange, water, and alcohol excretion, the
lung undergoes a wide range of chemical synthesis and degradation.

The lung, on the other hand, is prone to infection and injury, including pneumoconiosis,
systemic lupus erythematosus (SLE), non-small cell lung cancer, and small cell lung cancer.
Fortunately, antibodies can be used effectively to treat the aforementioned diseases.

It has been roughly half a century since the establishment of the of B cells [6] and
several decades since the discovery of therapeutic antibodies. It is critical to provide a
comprehensive review of the progress made in the application of antibodies in the treatment
of infectious disease and cancer in this section. We will discuss COVID-19, asthma, and lung
cancers in this article. Additionally, while the application of antibodies is still limited today,
the convergence of the mechanisms underlying these three types of disease is significant,
as it will provide insight for future antibody invention.

2. The History of Antibodies Application in Clinical Therapy

Several different terminologies in antibody classification have been developed in order
to broaden the scientific discussion and improve interpretation. These terminologies are
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based on their function, origin, production, and so on. The antibodies that have the ability
to “neutralize” virus infection are referred to as “neutralizing antibodies.” Monoclonal
antibodies are antibodies produced by a single-origin B cell with hybridoma. The antibodies
whose genetics have been altered by humans are referred to as genetically engineered
antibodies. Finally, antibody–drug conjugation refers to antibody–drug interactions. In
the sections that follow, we will use different terminology to discuss their histories and
mechanisms.

2.1. The General Mechanism of Neutralizing Antibody Fighting against Virus

As part of an immune response, neutralizing antibodies bind to specific corresponding
antigens. Furthermore, unlike other antibodies, they react with viruses or other pathogens,
as well as some cytokines. The neutralizing antibodies, on the other hand, are ineffective
against extracellular bacteria because antibody binding does not prevent bacteria from
multiplying (Figure 2). Finally, they can disable pathogens or somatic cell functions, thereby
preventing human infections and illnesses [7]. Infection prevention is achieved by the
following means: (1) Avoiding the combination of pathogens and somatic cell surface
receptors, e.g., monoclonal blocking antibody neuropilin-1, which is known for its ability
to bind furin-cleaved substrate. Blocking these receptors or entry cofactors may reduce
the pathogens’ infectivity [8]. (2) Preventing virus uncoating in somatic cells. Uncoating
or capsid core disassembly is essential before the viral genomic DNA integrates into the
host chromosomes. The structure of some viral coats was previously revealed [9]—even
the cellular location of uncoating was identified for some viruses as well [10]. Zhang
et al. proposed an essential method for treating enterovirus 71 infection by preventing
the uncoating process and stopping the hole formation on the membrane [11]. (3) By
influencing the cytokines in the serum. Since the cytokines play a fundamental role in the
immune response regulation, the abnormal phenotype may be adjusted into the normal
range through cytokine mimicry or neutralization.
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2.2. The History of Neutralizing Antibodies

In fact, it has been a long time since the first clinical application of neutralizing anti-
bodies. Emil Adolf von Behring provided an effective serum treatment for patients with
diphtheria in 1891. Soon afterward, it was applied to treat diphtheria. However, due to
the low titer and heterozygous of effective antibodies in the serum, the application of this
“old school” technique was limited at that time. During the 1970s, with the development of
effective antibody identification (flow cytometry) and purification, it had become easy to
generate sufficient effective antibodies from the mouse spleen. Meanwhile, optimization
strategies, such as Fc modification, were applied. The application of neutralizing antibodies
had seen a significant victory in the fight against the Zaire ebolavirus outbreak. Nowa-
days, with the development of computational biology and the discovery of immunology,
more advances have been made, and many different monoclonal antibodies have been
invented [12]. The keyword ‘neutralizing antibody’ was searched in the Web of Science
to obtain an overview of the history of the development of neutralizing antibodies. Only
papers tagged with the “article” were retrieved for analysis. The time span of available
literature was enormous (1917–2021). All Web of Science core papers published from 2010
until now were visualized with CiteSpace [13]. Based on a cluster analysis of terms from
the abstracts (Figure 3A), it was found that the terms infection risk, stalk-specific antibodies,
cross-neutralizing antibody responses, glycan shield, analytical treatment interruption, and
prefusion state have repeatedly appeared, indicating that these fields are research hotpots.
Figure 3B shows the connection between authors who have published papers related to
neutralizing antibodies, providing an insight into the present review. Figure 3C depicts
the relationships between the various keywords. It not only indicates previous fields of
research but also provides a unique perspective on future research directions, including
the structural basis, human monoclonal antibodies, B cells, the CD4 binding site, envelop
glycoproteins, potent neutralization, the cryo-electron microscopy (Cryo-EM) structure,
and the proximal external region. For future research, the terms described above can be
separated into three categories. First, "cross-neutralizing antibody reactions" should be
considered while using newly developed antibody medicines. The following section in
his review will give an example of how to cross-use SARS-CoV antibody for SARS-CoV-2
treatment. From a scientific standpoint, technological advancements in structural under-
standing (Cryo-EM) aided in the study of infection mechanisms and the development of
appropriate medications. Meanwhile, more research on the binding ability measurement
and recognition mechanism may be advantageous in terms of theoretical development.

2.3. The Detailed Mechanism of Monoclonal Antibody Cytotoxicity

Kohler and Milstein described a technology in 1975 that can continuously produce a
predefined antibody with high specificity by fusing mouse myeloma with mouse spleen
cells. Because these antibodies were derived from mice, they were difficult to use in the
clinic. Later, humanized monoclonal antibodies were created by combining human Fc
domains with mouse variable regions.

Some clinically used mAbs interact with the immune system via antibody-dependent
cellular cytotoxicity (ADCC) [14] and complement-dependent cytotoxicity (CDC) [15].
ADCC is a mechanism in which antibodies bind to specific types of cells, directing effector
cells to kill these antibody-coated cells. CDC is a mechanism by which the complex formed
by the complement protein C1q and the Fc domain of mAbs, also known as the membrane
attack complex (MAC), forms pores on cell membranes [16] (Figure 4B).

Some clinically used mAbs bind to cell surface antigens and affect the signaling path-
way within tumor cells. Subsequently, it was discovered that some membrane receptors,
particularly growth factor receptors, have an unusually high number in tumor cells. mAbs
targeting these receptors were identified as an effective therapy for normalizing cell division
and differentiation (Figure 4C).
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Some clinically used mAbs work by modulating the immune system. Antibodies
that target PD-1/PD-L1 and CTLA-4 have already shown significant efficacy in treating
patients with a variety of cancers (Figure 4A). The immune checkpoint plays a preventative
role in immune response, which initially aids in the survival of healthy cells in the body.
Immune checkpoint proteins link the targeted cell to the immune cell and send the terminal
signal to the immune cell. These mAbs that target immune checkpoints can prevent the
transmission of these terminal signals. Downregulation of the immune system is beneficial
in the treatment of autoimmune disease, whereas upregulation is beneficial in the treatment
of cancer patients.

2.4. The Mechanism of Antibody–Drug Conjugates (ADC)

Because of the benefit of antibodies’ specific targeting functions and the disadvantage
of chemo-drug systemic toxicity, antibody–drug conjugates were developed, which cova-
lently linked mAbs with chemo drugs (Figure 5). ADCs improve drug tolerability while
increasing cell killing selectivity. The flaws of ADC are also obvious; the unstable linkage
between the drug and the antibody, as well as the low payloads of successful drug delivery
to the targets, are two major concerns [17].
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3. Infectious Diseases in Lung

Lung infection can be broadly classified into the following subtypes: (1) Infectious
asthma, which is caused by tracheal swelling caused by microbes. (2) Chronic obstructive
pulmonary disease (COPD), which is caused by the inhalation of certain harmful particles
and abnormal inflammatory response. (3) Pneumonia, which is caused by microbe contam-
ination in the alveoli, SARS-CoV, SARS-CoV-2, MARS, and so on. (4) Tuberculosis, slowly
progressive pneumonia caused by the bacterium Mycobacterium tuberculosis. (5) The flu. For
this discussion, we selected several representative diseases from each category.
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3.1. COVID-19
3.1.1. The Application of Neutralizing Antibodies in Patients with COVID-19

The outbreak of coronavirus disease 2019 (COVID-19) has placed a great burden on
global public health, with more than 170,000,000 persons infected, according to the WHO.
Infected individuals suffer from fever, diarrhea, and labored breathing. Treatment and
prevention methods are urgently needed to fight the COVID-19 pandemic.

Thanks to collaborative work by researchers worldwide, various types of vaccines
have been invented [18]. These vaccines have thus far been proven safe, with no serious
side effects reported yet [19]. The ultimate goal of vaccination is to generate specific antibod-
ies corresponding to the severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2),
using either the inactivated vaccine [20], live-attenuated vaccine [21], or the viral vector
vaccine [22]. Among the various types of antibodies generated by the human immune
system, there is the neutralizing antibody, which binds to a specific position on the virus
surface and disables its infection ability. The binding of nanobodies to the SARS-CoV-2
receptor-binding domain (RBD) can prevent its reaction with angiotensin-converting en-
zyme 2 (ACE2) and subsequently stop the infection process [23]. In contrast, binding to
ACE2 epitope has the same effect. Besides the chemically modified and manufactured
neutralizing antibody vaccine, the human immune system itself can produce neutralizing
antibodies. The application of convalescent plasma therapy in treating COVID-19 patients
has proven effective under some specific circumstances [24].

3.1.2. The Mechanisms and Targeting Sides for Neutralizing Antibodies in Treating
Patients with COVID-19

Coronavirus 2 virions are embedded in a lipid bilayer with a protruding spike
(S) protein on its surface [25]. The S protein structure is made up of two subunits, namely
S1 and S2. SARS-CoV-2 enters somatic cells by attaching to ACE2. Initially, researchers
suspected that the binding affinities of S protein with ACE2 are similar in SARS-CoV-2 and
SARS-CoV. However, some recent studies indicated that the SARS-CoV-2 binding affinity
is greater than that of SARS-CoV, which may explain why SARS-CoV-2 is more infectious
and fatal. One of the unique attributes that distinguishes SARS-CoV-2 from SARS-CoV is a
furin cleavage site at the frontier between the S1/S2 subunits [26]. The S protein can flexibly
change its conformation [27]. Indeed, the fusion of viral and cellular membranes is driven
by the extensive structural changes of the S protein [28]. With the use of Cryo-EM, the
distribution and density of S protein were revealed. The interaction of virion and cell-only
affects a small portion of spikes, indicating the potential of developing vaccines based on
this target [29].

Neutralizing antibodies could protect against SARS-CoV-2 infection in several major
ways. First, by targeting sites on the SARS-CoV-2 surface and disabling its infection ability.
Second, neutralizing antibodies could target sites on somatic cells, thereby preventing the
entry of SARS-CoV-2. Additionally, some neutralizing antibodies can enhance immune
cell function and prevent anergy, while novel targets include viral uncoating, metabolism,
and recognition.

Besides the neutralizing antibody targeting SARS-CoV-2 RBD, the correlation between
cytokines and COVID-19 is worth noting. Some COVID-19 patients have presented with
cytokine storm, which can lead to acute respiratory distress syndrome and multiple organ
dysfunction syndromes [30]. Cytokine storm of interleukin (IL)-2, IL-4, tumor necrosis
factor-alpha (TNF-α), interferon-gamma (IFN-γ), and C-reactive protein has not been
directly associated with COVID-19 [31], whereas IL-6 and IL-10 were found to be COVID-19
severity predictors [32]. These findings provide insights into inflammation control and
the neutralization of antibody development. Maintaining a balance between immune
activation and inflammation control is essential in this process.
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3.1.3. Approaches to the Identification of Neutralizing Antibodies for COVID-19

Due to the similarity between SARS-CoV and SARS-CoV-2, it is reasonable to screen
out potential antibodies that can cross-react with SARS-CoV-2 [33]. Genome-wide analysis
indicated more than 80% similarity between these two species. Although a significant
portion of antibodies against SARS-CoV failed to neutralize SARS-CoV-2, the CR3022
antibody has proven effective in the treatment of patients with SARS-CoV-2 infection. This
is attributed to its potent binding ability with SARS-CoV-2 RBD and the lack of epitope
overlap with the ACE2 binding site [34]. H014, a kind of humanized monoclonal antibody,
can neutralize both SARS-CoV-2 and SARS-CoV pseudo-viruses by binding to the RBD.
Moreover, H014 treatment reduced SARS-CoV-2 titers in COVID-19-infected lungs in mice,
with an associated improvement in pulmonary pathology [35].

In addition to the identification of neutralizing antibodies from SARS-CoV experience,
potent neutralizing antibodies against SARS-CoV-2 have been identified in convalescent
plasma. Even the milk from previously COVID-19-infected mothers has shown neutralizing
effects against specific targets, including a SARS-CoV-2 pseudovirus and clinical isolate [36].
To investigate the efficacy of convalescent plasma in the treatment of patients with moderate
COVID-19, an open-label phase-2 trial was conducted in India [37]. A total of 464 volunteers
were recruited, with 235 assigned to convalescent plasma treatment and the rest to a
standard care regimen. No improvement in prognosis or overall survival was found,
although the result may have been compromised because the neutralizing antibody titers
could not be measured at the time of the intervention. However, the results differed when
a specific neutralizing antibody was extracted and applied at a high load. In a phase-2 trial
involving 452 outpatients with mild or moderate COVID-19, a single intravenous infusion
of the neutralizing antibody LY-CoV555, which targets the S protein and was extracted
from a recovered SARS-CoV-2 patient, appeared to accelerate the natural decline in viral
load [38].

3.1.4. The Neutralizing Antibody Delivery Methods used in the Treatment of Patients with
COVID-19

The delivery method for neutralizing antibodies varies. Apart from the protein de-
livery approach and the plasma infusion method, nanotechnologies have also attracted
the attention of researchers. Drugs embedded in nanoparticles have proven more effi-
cient in clinical practice than normal drug delivery methods. The nanoparticle vaccine,
NVX-CoV2373, containing trimeric S protein and Matrix-M1 adjuvant, was declared safe
and effective based on phase-1–2 trial results, having elicited an immune response exceed-
ing than that seen in COVID-19 convalescent serum [39].

3.1.5. The Efficacy of Neutralizing Antibody Compared with mRNA Vaccines in Treating
Patients with COVID-19

Messenger RNA (mRNA) vaccines for COVID-19 prevention have been developed
as well. The basic principle of the mRNA vaccine is similar to neutralizing antibody
treatment. The body is injected with specific mRNA, which expresses specific proteins
in somatic cells, prompting the immune system to generate corresponding antibodies.
Pfizer claims that its Novavax vaccine is 90% effective; the efficacy of the Curevac vaccine
was 47% [40]. In phase-3 trials, the mRNA-1273 vaccine, which encodes a SARS-CoV-2
spike-like protein, stabilized in the prefusion conformation, showed strong neutralizing
antibody responses [41].

Although the theory behind mRNA is simple, its clinical application is highly chal-
lenging owing to the limitations to drug delivery. mRNAs are very labile and susceptible
to degradation by nuclease or immune cells. These issues could be addressed by chemical
modifications to improve the stability of mRNAs. Furthermore, advanced techniques have
enabled the incorporation of larger mRNA molecules into a well-designed vector that can
fuse itself with the plasma membrane [42]. Neutralizing antibodies have a more rapid effect
than mRNA or other vaccines [43], which elicit an immune response to generate antibodies.
Ke Wang et al. pointed out the relatively low expression of ACE2 in the lung. Therefore, the
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entrance of SARS-CoV-2 may exist in other pathways. They found an interaction between
somatic cell receptor CD147 and spike protein. CD147 mediates the viral entrance through
endocytosis [44]. A randomized phase-1 and an exploratory phase-2 trial to test the efficacy
of meplazumab, a humanized monoclonal antibody anti-CD147 lgG2, for treating patients
with COVID-19, indicated that meplazumab could significantly reduce the recovery time
from 13 days to 3 days on average [45].

3.1.6. The Limitations of Neutralizing Antibodies in Treating Patients with COVID-19

The titers of neutralizing antibodies also play a significant role. The low titer of
neutralizing antibodies in recovered COVID-19 patients was the main reason for the failure
of a recent convalescent plasma clinical trial [46]. It is also the reason for the failure of
convalescent plasma therapy, i.e., the transfer of neutralizing antibody-containing plasma
from recovered patients to patients in need. Convalescent plasma therapy has been used
for the treatment of other viral infections such as SARS-CoV, Middle East Respiratory
Syndrome (MERS), Ebola, and avian influenza A [47].

The shortcomings of neutralizing antibodies are apparent as well. The vaccine devel-
opment process is much slower than that for standard vaccines. Many people have already
been vaccinated in China, but no wide application of neutralizing antibody vaccines has
been reported. Furthermore, mutations of the virus may disable the antibody vaccine. It is
concerning that spike mutations have been discovered in different places worldwide [48].
Researchers have demonstrated that S proteins with mutations in RBD show resistance
toward monoclonal antibodies or convalescent plasma. However, the number of S proteins
that are resistant to neutralizing antibodies is relatively low. Therefore, the influence of
S protein mutations is of lesser concern, as the resistance may be eliminated by using
multiple neutralizing antibodies targeting different neutralizing epitopes [49]. Moreover,
considering that vaccine development and production are commercial enterprises, the
antibody vaccine will have limited value once the pandemic is over.

The true differences between applying neutralizing antibodies and vaccines lie in the
patients with severe symptoms, such as acute respiratory distress syndrome, where the
neutralizing antibody treatment is more effective at preventing disease progression to a
more severe stage. Clinical data showed that neutralizing antibodies were not effective in
either patient with mild symptoms or patients with end-stage disease because the patients
in the former situation could self-recover [50], whereas the patients in the latter situation
had associated damage to multiple vital organs.

Patient treatment is often not uniform. Neutralizing antibodies may react with the
vaccine, disable its function, and ultimately inhibit any immune response as the antibodies
would be neutralized as well.

3.2. Asthma

Inflammation of the lower or upper respiratory tract causes asthma. In general, the
CD4+ T cell is regarded as the most important player in this disease. Furthermore, the
Th2 subtype produces enough IL-4, IL-5, and IL-13 to cause inflammation [51]. At the
same time, innate lymphoid cells group 2 (ILC2s) contribute to disease emergence by
producing IL-5 and IL-13. Asthmatic patients frequently experience difficulty breathing
and coughing. Non-atopic asthma and atopic asthma can be distinguished based on
observable characteristics or phenotype. Asthma is classified into two types based on
systems biology: T2-high and non-T2-high. The presence of airway eosinophilia is the
basis for this well-established classification. Because cytokines are abundant in T2 asthma,
advances in the treatment of T2 asthma by targeting cytokines have been made [52].

3.3. The Abnormally Altered Signaling Pathways in Patients with Asthma

The intracellular signal changes that occur when cells are exposed to high levels of
IL-4, IL-5, and IL-13 have been thoroughly studied [53]. The Janus kinase–signal transducer
and activator of transcription (JAK-STAT pathway) were discovered to be involved in the
pro-inflammatory process. TGF-, IL-1, IL-4 (JAK1/3-STAT3/5/6), IL-5 (JAK2-STAT3), IL-6,
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and IL-13 (JAK1) [54] are JAK-STAT pathway activators in asthma. JAK has the ability to
phosphorylate STATs. STATs will form dimers that will travel into the nucleus and regulate
the expression of cytokine-responsive genes.

3.4. The Application of Monoclonal Antibodies in Patients with T2 Asthma

Four commonly used mAbs in treating T2 asthma by reducing eosinophilic inflamma-
tion are mepolizumab, dupilumab, reslizumab, and benralizumab [55].

Mepolizumab (IgG1 kappa) inhibits IL-5 production. Because IL-5 is one of the most
important cytokines initiating eosinophil growth and differentiation, using Mepolizumab
results in a significant decrease in eosinophilia in the blood [56]. In a 2-year follow-up
clinical trial [57], the use of mepolizumab significantly reduced the exacerbation rate (from
4.3 2.3 to 1.3 1.8; p 0.0001), as well as the need for oral corticosteroid doses and blood
eosinophil count. The asthma control test score increased significantly (from 16.3 3.7 to
21.2 3.8; p 0.0001).

Reslizumab, similarly to mepolizumab, acts as an IL-5 antagonist. The application of
this mAb, on the other hand, is unique. It must be injected intravenously rather than subcu-
taneously, and the volume of injection must be adjusted according to the patient’s weight.
Reslizumab demonstrated excellent response in 58.6 percent of patients and clinically
meaningful response in 16.3 percent of patients in a real-world test on 215 patients. [58].

Benralizumab combats the effect of over-activated IL-5 function by targeting the IL-5
receptor. It not only inhibits the function of the IL-5 receptor, but it can also direct the
apoptosis process in eosinophils and basophils by recruiting NK cells [59]. Benralizumab
application improved all patients’ situations at three months and six months treatment in a
recently published multicenter study involving 42 patients. Furthermore, the number of
oral corticosteroid cycles was significantly reduced [60].

Dupilumab (IgG4) works as an IL-4 receptor antagonist. It binds to the alpha chain of
the IL-4 receptor [61]. In hematopoietic cells, the alpha chain of the IL-4 receptor binds with
the c chain to form a type 1 IL-4 receptor, which only binds to IL-4. Furthermore, it can form
a heterodimeric complex with the IL-13 receptor alpha chain one, which can be activated
by both IL-4 and IL-13. Following that, the JAK-STAT pathway cascade will be activated
as described above. Dupilumab works in two ways: first, it prevents IL-4 from binding
to the IL-4 receptor alpha chain, and second, it may inhibit the recruitment of another
IL-4 receptor alpha chain or the IL-13 receptor alpha 1 chain. In a clinical trial comparing
dupilumab to placebo (724 patients), dupilumab significantly increased a variety of test
scores (nasal polyp, patient-reported nasal congestion score, Lund–Mackay computed
tomography scan score, peak nasal inspiratory flow, 22-item sinonasal outcome test score,
all P.001). Furthermore, the side effect was insignificant enough to be overlooked.

3.5. The Possibility of Applying the Mabs Listed above to Treat Patients with COVID-19

Patients infected with SARS-CoV-2 would also be subjected to ferocious immune
system activation. Because eosinophils play critical roles in the host’s defense system, IL-5
is in charge of activating eosinophils. As a result, cytokines are a good prognostic factor
for COVID-19 patients. However, the patients will die as a result of dysregulated immune
responses (cytokines storm). Corticosteroids, a commonly used inflammation control agent,
were used in this study, but the inhibition of the immune system also slowed pathogen
elimination, making its use paradoxical [62]. Nonetheless, the mAbs used to target specific
cytokines or corresponding targets may be important. Interestingly and importantly, the
administration of mepolizumab reduces eosinophils in the peripheral blood but has no
effect on eosinophils in the airways. Furthermore, clinical evidence suggests that anti-IL-5
drugs are beneficial for patients with severe COVID-19. The explanation for such symptoms
is largely due to an abnormal increase in neutrophils, eosinophils, and IL-5 levels, and
mepolizumab can improve NK cell ability and B cell survival, thereby increasing anti-viral
response [63].



Life 2022, 12, 130 11 of 28

4. Lung Cancer

Cancer and autoimmune disease can be compared to two sides of the same coin, with
the former being caused in part by immune system downregulation and the latter being
caused by immune reaction hyperactivation. Pathology classifies lung cancer into two
subtypes: non-small cell lung cancer (lung squamous cell carcinoma, lung adenocarcinoma,
and large cell carcinoma) and small cell lung cancer. Lung tumors exhibit nearly all of
the hall markers described by D. Hanahan [64]. In general, growth signals (the majority
of which play a significant role in embryo development) are abundantly expressed and
provide a crushing momentum for antigrowth signaling. Meanwhile, angiogenesis and
cancer metastasis-related signals are expressed in cancer tissue. In particular, epidermal
growth factor receptor (EGFR) activation is common in non-small cell lung cancer, whereas
the KIT receptor is the main player in small cell lung cancer [65]. Furthermore, because
SCLCs have both autocrine and paracrine abilities, they can activate G-protein-coupled
receptors with gastrin-releasing bombesin-like peptides. These activation cascades will
have an impact on multiple subcellular signaling pathways [66]. Mutations are another
feature of lung cancer, and some researchers believe they are far more important than
abnormal gene expression [67]. The well-known TP53 gene mutation was found in 90% of
SCLCs and 50% of NSCLCs, and MYC amplification was frequently found in SCLCs.

4.1. The Mechanisms of Antibody Therapies in Treating Cancer

Neutralizing antibodies and monoclonal antibodies also interact with receptors on
human somatic cells, which could be a key approach in cancer immunotherapy [68]. An-
tibodies that target immune cells also play an important role in immune cell hyper- and
hypo-reactivity. In the field of lung cancer antibody therapy, immune checkpoints, classic
or novel therapy targets on cancer cells, cytokines, and ADCs are the four main focus areas.

4.2. The Current Cytokine-Targeted Antibody Therapy and Mechanism

Cytokines are small, secreted proteins that regulate immune cells and cancer cells
by either inhibiting or promoting inflammation. Similarly, they can induce programmed
death in abnormal cells or prolong the normal cell life. According to different classifica-
tion methods, cytokines can be divided into several sub-groups. Cytokines secreted by
lymphocytes and monocytes are called lymphokines and monokines, respectively. Further-
more, cytokines with chemotactic activities are defined as chemokines, whereas ILs are
responsible for communication between leukocytes [69].

Various cytokines influence lymphocytes, which play a fundamental role in cytokine
secretion by helper T cells (Th). Cytokines secreted by lymphocytes can influence other
lymphocytes as well [70]. Four Th subtypes have been identified based on cytokine
expression, namely T helper 1 (Th1), T helper 2 (Th2), T helper 17 (Th17), and T follicular
helper (Tfh). Their developmental and regulatory pathways are different, as are their
functions in immune responses. Th1 differentiation is regulated by IL-12 [71], whereas
Th2 differentiation is mediated by IL-25/IL-33 [72]. In addition, Th17 differentiation is
caused by the combined efforts of several different cytokines at different stages. These are
transforming growth factor beta (TGF-β) [73], IL-6 [74], IL-21 [75], IL-23 [76], and IL-1 [77],
respectively. Finally, Tfh differentiation is induced through transcription factors [78].

Previous studies evaluated the different functions of Th1 and Th2 based on the differ-
ent cytokines they secreted. The number of Th1 cells is frequently higher in patients with
autoimmune diseases, which means Th1 may cause inflammation. Indeed, the symptoms
are caused by Th1 cells secreting proinflammatory factors, such as IFN-γ and lymphotoxin-
α (Lt-α). Th2 has been recognized as a significant player in allergic diseases, such as
allergic asthma. Th2 cells were found to regulate humoral immune response by producing
cytokines such as IL-4, IL-5, IL-9, IL-10, and IL-13 [79]. The role of Th17 in cancer immunity
is more complex. The role varies between different types of cancers—even the experimen-
tal settings have an effect. Both pro-tumorigenic and anti-tumorigenic effects have been
observed [80]. This double-edged role of Th17 is attributed to the high level of IL-17 it
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produces. Besides, IL-17 expression is controlled by retinoic acid receptor-related orphan
receptor gamma [81], and IL-17 is a critical proinflammatory cytokine in cancer [82]. Fur-
thermore, Th17 cells recruit cytotoxic T lymphocytes (CTLs), natural killer (NK) cells, and
neutrophils through the stimulation of IL-6 [83], IL-1β, and TNF-α, directly or indirectly
via IL-17 [84].

One major source of concern is inflammation, which alters tumor cells as well as cells
in the tumor microenvironment. Intriguingly and crucially, inflammation has both “good”
and “bad” effects.

On the “positive” side, cytokines and chemokines produced by neutrophils and other
innate immune cells cause immune cells to migrate into tumor tissue, where they can kill
cancer cells. Some anti-inflammatory factors (IL-10, TGF-β) will balance this process at
the same time. On the “bad” side, excessive inflammation causes metabolic and vascular
changes, which are associated with a poor prognosis.

Some cytokine-targeting antibody drugs have been invented.

• Siltuximab. Because of a significant association between IL-6 staining and poor prog-
nosis in an immunohistochemical analysis of ovarian cancer tissue, IL-6 was identified
as a therapeutic target. A subsequent phase-2 clinical trial showed promising results
for siltuximab, a monoclonal neutralizing antibody drug approved by the European
Commission, in treating patients with platinum-resistant ovarian cancer [85]. How-
ever, a later clinical trial with siltuximab on patients with solid tumors (including
non-small cell lung cancer) found no significant clinical activity [86]. A larger cohort
of lung cancer patients should be recruited in order to determine the precise efficacy
of siltuximab in lung cancer patients.

• Secukinumab IL-25, a subtype of IL-17, has been linked to a perplexing role in cancer.
Although IL-25 inhibition therapy has shown promising results in cancer treatment,
it, like IL-17, has a double-edged effect in cancer patients. On the one hand, IL-
25 has been shown to increase the number of B cells and eosinophils in the tumor
microenvironment, which is thought to be a tumor-suppressive function. IL-25, on the
other hand, will initiate inflammatory cascades and type 2 immune responses. Thus,
the administration of Virulizin and dihydrobenzofuran can increase IL-25 activity,
whereas anti-IL-25 antibodies can inhibit it. However, either of these approaches
has the potential to slow cancer growth [87]. Furthermore, IL-17 inhibitors such as
secukinumab have already been shown to be effective [88]. In a case report, a patient
with LUAD developed psoriasis as a result of the administration of pembrolizumab.
The LUAD was successfully controlled after the co-administration of secukinumab
and pembrolizumab [89].

• Canakinumab IL-1 promotes cancer metastasis by causing inflammation and a "hot"
tumor microenvironment. IL-1 activation will also activate the PI3K-AKT pathway
and, as a result, NF-κB. Canakinumab is a type of anti-IL-1 monoclonal antibody used
in humans. In 2017, a double-blind clinical trial with 10061 patients was published [90].
These patients were cancer-free, but their high-sensitivity C-reactive protein level
was elevated. Canakinumab also significantly reduced their levels of high-sensitivity
C-reactive protein and IL-6. A recent trial also highlighted the importance of adminis-
tering canakinumab to patients with various subtypes of lung cancer [91].

• Denosumab works as a RANKL (Receptor Activator of NF-κB) antagonist. RANKL
was initially identified as a mediator of osteoclast function. Its function, however,
is not limited to the bone but also includes the immune system as a dendritic cell
activator and a role in tumor formation [92]. As a result, denosumab has the potential
to reduce cancer bone metastasis. Denosumab significantly improved median overall
survival in a phase-3 study of 702 patients with NSCLC, with normal (control group)
side effects reported [93].

• ALT-803 works as an IL-15 superagonist. Because IL-15 inhibits tumor growth by
activating NK cells and CD8+ T cells, intravenous administration of ALT-803 signifi-
cantly increased NK cell numbers and had a minor effect on CD8+ T-cell expansion in
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patients with lung cancer [94]. The combination of ALT-803 and nivolumab has been
shown to be safe and effective in lowering the refractory rate.

4.3. The Future Direction for Cytokine-Targeted Antibody Therapy

The crosstalk between T cells and B cells is worth discussing. Tfh cells provide a bridge
between CD4+ T cells and B cells by producing IL-21 and cluster of differentiation 40 ligand
(CD40L) for development of the germinal center [95], where B cell hyperproliferation
and hypermutation take place. It is not surprising that cancer-related research shows the
presence of Tfh cells to be crucial in orchestrating a T-cell-dependent humoral immune
response toward cancer cells. Compared with the many T cell subsets, the B cell subsets
are minor, but their essential role in producing neutralizing antibodies cannot be ignored.
Previous studies have identified several regulatory B cells (Bregs), which secrete cytokines
with anti-inflammatory function, e.g., IL-10, IL-35, and TGF-β. The recently discovered
IL-35-producing B cell (i35-Breg) also has a fundamental role in immunity and inflammation,
as it can induce infectious tolerance itself, whereas conventional B cells need assistance from
Th17, as mentioned above. The clinical application of i35-Bregs in autoimmune disease has
been discussed. Furthermore, i35-Breg depletion may serve as a new therapeutic strategy
against tumor cells [96] (Figure 6).
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The development of more effective antibody-based drugs targeting IL-2 for lung
disease is also worth discussing. Pérol L, et al. have already shown the existence of
anti-IL-2 autoantibodies in non-obese diabetic mice and Type 1 Diabetes patients, and
the IL-2 may serve as an autoimmune target for patients with Type 1 Diabetes [97]. This
is not only because IL-2 serves a role in autoimmune disease [98,99], but also due to its
regulatory role for Anti-inflammatory T regulatory cells (Treg) regulation, since IL-2 can
control the immune response by maintaining Treg cell function and promoting immune
response by stimulating classic T cells [100]. Importantly, the correlation between low
survival and Treg infiltration in the tumor microenvironment has been well established.
Therefore, the control of Treg through IL-2 and anti-IL-2 antibodies is considerable [101].
As data have accumulated, the advantages of computational tools in protein design have
become evident. A computational approach to the design of neutralizing antibodies against
natural cytokines is urgently needed. Fortunately, a recent study described a de novo
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computational approach to designing hyper-stable proteins, with higher affinity than
natural cytokines toward IL [102]. This approach may find future clinical application.

4.4. The Current Immune Checkpoint-Targeted Antibody Therapy and Mechanism

Besides the SARS-CoV-2 S protein, there are various other classic or novel therapeutic
targets. Targeted immunotherapy is different from radiotherapy or chemotherapy. The
latter methods influence tumor cell growth and survival directly, but will affect healthy
cells as well, whereas immunotherapy boosts the immune response targeted at cancer cells.
Under normal circumstances, cytotoxic CD8+ T cells can recognize antigens present on
the cancer cell membrane, including overexpressed normal proteins and novel proteins.
However, cancer may mimic normal cells by using negative feedback mechanisms, such
as the inhibitory receptors, programmed cell death protein 1 (PD-1), and CTLA-4 [103].
PD-1 is an essential regulator of adaptive immune response and inhibitor of immune
signaling. The receptor is presented on the T cell when the T cell receptor (TCR) complex is
simulated or when specific receptors detect the cytokines. The combination of PD-1 and PD-
1 receptors activates TCR/CD28 signaling and IL-2-dependent positive feedback, resulting
in reduced cytokine production and cell cycle-related gene expression regulation. CTLA-4
blocking inhibits T cell functions by binding to CD80 and CD86. A CTLA-4 knockout
experiment in mice showed a lymphoproliferative disorder since CTLA-4 elevates the T
cell activation threshold, eliminating the immune response to some tumor antigens [104].
Anti-T-lymphocyte-associated-protein-4 (CTLA-4) and anti-PD-1 showed dramatic clinical
outcomes [105], with significantly improved overall patient survival.

Some immune checkpoints targeting antibody drugs are listed below.

• Atezolizumab is a PD-L1 antagonist that is commonly used in patients with elevated
PD-L1 protein levels but no EGFR or ALK mutation. It is also used in the treatment of
patients with non-small cell lung cancer in conjunction with platinum chemotherapy
or other functional antibodies (bevacizumab). Patients with small-cell lung cancer can
also be treated with atezolizumab. In a clinical trial involving 572 NSCLC patients with
high PD-L1 expression and wild-type EGFR and ALK, the Atezolizumab group had a
significantly higher median overall survival than the chemotherapy group (7.1 months;
p = 0.01) [106].

• Camrelizumab works as a PD-1 inhibitor. Camrelizumab, similarly to atezolizumab,
appears to be ineffective in NSCLC patients with EGFR or ALK mutations. In a
146-patient clinical trial, the response rate and progression-free rate were both posi-
tively correlated with PD-L1 expression. It is a safe drug that is more effective than
chemotherapy in NSCLC [107]. The combination of camrelizumab and anlotinib, along
with the anlotinib dose, significantly increased the medium progression-free rate [108].

• Durvalumab is a PD-L1 inhibitor that is recommended for stage-III unresectable
NSCLC. Durvalumab’s efficacy was evaluated in a 2017 PACIFIC trial, which enrolled
713 patients who were randomly assigned to either a placebo or a durvalumab group.
This study yielded favorable PFS and OS outcomes [109]. It has been demonstrated
in real-world settings that patients with higher PD-L1 expression may benefit more
from durvalumab treatment. Unfortunately, autoimmune disease history and some
comorbidities may prevent its use and reduce its effectiveness [110].

4.5. The Future Direction for Immune Checkpoints Therapy

The currently published research primarily focused on T cells, but macrophages and
myeloid-derived cells are also involved. These adaptive and innate immune cells may all
serve as potential targets. CD274 (PD-L1) is universally acknowledged as a potent immune
checkpoint in T cells. Similarly, in macrophages, integrin-associated protein (CD47) is
recognized as an immune checkpoint [111]. The integrin-associated protein (CD47)/signal-
regulatory protein alpha (SIRPa)-axis is an example of a macrophage activator [112]. SIRPa
is highly expressed on the surface of macrophages and other cells belonging to myeloid
lineages, such as granulocytes, monocytes, and myeloid dendritic cells (DCs) [113]; CD47
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is highly expressed in various cancer types. Transfused red blood cells [114] and bone
marrow cells [115] from CD47–/– mice were rapidly eliminated from the circulation of
wild-type mice. The ligation of CD47 and SIRPa activates inhibitory phosphatases, SHP-1
and SHP-2, along with the phosphorylation of intracellular immunoreceptor tyrosine-
based inhibitory motifs, with resultant downregulation of immune activity, including the
contractile engulfment ability of macrophages [116]. In summary, the activation of CD47
will induce a “do not eat me” signal, which can evade phagocytosis. Experiments in mice
have verified the feasibility of therapy targeting the CD47/SIRPa axis, and clinical trials are
underway. It is expected to have treatment value for both solid tumors and hematologic
cancers [117].

B-lymphocyte antigen CD20 is also recognized as a neutralizing antibody target. CD20
is expressed on the B cell surface, serving as a marker for lymphocyte classification and a
mediator of various intracellular signaling pathways. Rituximab is a chimeric anti-CD20
monoclonal antibody that directly mediates cytotoxicity and apoptosis. The anti-CD20
drug has already been recognized as an effective approach for hematological neoplasia
treatment [118]. The combination of rituximab and chemotherapy (cyclophosphamide,
doxorubicin, vincristine, and prednisone) has shown excellent results (Cerny et al. 2002).
The direction of future immunotherapy research is becoming clearer as our understanding
of the intracellular mechanism grows.

However, side effects have been reported. Because the combination of PD-1 or CTLA-4
with corresponding receptors will prevent autoimmunity, the inhibition will cause the
abnormal regulation of other pathways. Some of them may be other inhibitory recep-
tors [119]. For example, TGN1412 (a CD28 superagonist antibody) caused a life-threatening
cytokine release syndrome [120]. Therefore, the identification of a promising checkpoint
inhibitor with negligible effects on other proteins is essential, as is the targeted delivery of
immunotherapy drugs to the tumor.

4.6. Antibody Targets Membrane Protein and Sub-Cellular Signaling

Besides the immune checkpoint strategy, there are novel therapies focusing on an-
giogenesis, which is an essential process for tumor cell survival and proliferation. These
include the popular vascular endothelial growth factor (VEGF)/VEGF receptor signaling
blockade drugs [121]. VEGF is essential for vascular homeostasis, tumor growth and metas-
tasis, blinding eye diseases, and diabetic and hypertensive retinopathy [122,123]. Several
decades ago, neutralizing anti-VEGF antibodies were reported to have promising inhibitory
effects on solid tumor growth, ascites formation, and metastasis in mice. Humanized
murine antibody A.4.6.1 enabled its use in clinical trials; it was eventually commercialized
as bevacizumab [124]. Subsequently, a series of clinical trials were conducted in a wide
range of tumors [125]. The development of neutralizing anti-VEGF antibodies has dramati-
cally prolonged survival time in cancer patients, especially in patients with non-small cell
lung cancer (NSCLC), glioblastoma, and ovarian cancer [126].

Roundabout guidance receptor 1 (ROBO1) is involved in angiogenesis as well. It was
first associated with functions in axon guidance and neuronal precursor cell migration
(provided by RefSeq, Mar 2009). Abnormal ROBO1 expression was found in ocular neo-
vascular diseases [127]. Moreover, ROBO1 has been recognized as a tumor suppressor for
various cancers [128], including breast cancer (BC). The ROBO1-neutralizing antibody, R5,
reportedly had significant inhibitory effects on BC growth and metastasis. These effects
were attributed to its effect on angiogenesis. R5 significantly reduced tubular formation of
vascular plexi and human umbilical vein endothelial cell migration and tubular formation.
These results suggest that R5 may be a promising drug for the treatment of BC by inhibiting
tumor-induced angiogenesis [129].

Vasohibin 2 (VASH2) is a member of the vasohibin (VASH) family, related to the
similar VASH1, which is mainly present in endothelial cells to inhibit angiogenesis. In
contrast, VASH2 occurs mainly in cancer cells and has a stimulating effect on tumor growth.
Peritoneal injection of anti-VASH2 neutralizing antibodies inhibited tumor growth and
angiogenesis in a mouse xenograft model of human cancer cells [130]. These results
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suggest that anti-VASH2 neutralizing antibodies may serve as a new strategy for cancer
treatment. However, neutralization of pro-angiogenic factors such as VEGFA has had
limited clinical benefits, either because of the development of an adaptive circumvention of
specific angiogenic blocks or because of intrinsic or pre-existing indifference [131].

4.7. Co-Administration with Chemo Drugs or Tyrosine Kinase Inhibitors

Supposing that immunotherapy was not applicable to a patient’s individual situa-
tion, a chemotherapy agent would significantly change the TME, which may also cause
unresponsiveness after multiple cycles. On the subject of urothelial bladder carcinomas, re-
population is caused by the proliferative response of cancer stem cells [132]. Prostaglandin
E2 (PGE2) release promotes this process. Both PGE2-neutralizing antibodies and PGE2
signaling blockade drugs enhance the chemotherapeutic response of urothelial bladder
carcinomas [133]. Therefore, applying neutralizing antibodies while treating patients with
chemo drugs may be beneficial in treating lung cancers.

Meanwhile, the neutralization of pro-angiogenic factors will have a better progno-
sis if coupled with neutralizing antibodies or tyrosine kinase inhibitors targeting other
signaling pathways or targets, such as epidermal growth factor receptor (EGFR), human
epidermal growth factor receptor 2 (HER2), and anaplastic lymphoma receptor tyrosine
kinase (ALK) [134]. Many targeted drugs for these targets were invented and put into
clinical use. The majority of them received positive outcomes [135].

5. The Crosstalk between Treating Infectious Disease, Autoimmune Disease, and
Cancer in the Lung
5.1. The Possibilities of Cross Applying Mab in Treating Infectious Disease and Cancers in
the Lung

In conclusion, neutralizing antibody therapy has promise, given that some important
cytokines are secreted across a wide range of cancers. Some immunotherapy targets can
also be found on a variety of tumors. Neutralizing antibodies, on the other hand, have yet
to find widespread clinical application. Their safety and efficacy in cancer and COVID-19
treatment are still being debated. Furthermore, the structure and subsequent cascade
pathway have not been determined, which has hampered the development of neutralizing
antibody therapy. Furthermore, the rate of development cannot keep up with the spread
of the COVID-19 pandemic or cancer. As a result, rapid development and manufacturing
methods are critical.

However, things are a little different with monoclonal antibodies. There were many
common pathological cytokines among different types of lung disease, particularly asthma
and infectious disease. Following the theoretical examination and clinical trials, existing
antibodies can be used to treat newly discovered infectious diseases. Cross administration,
on the other hand, is difficult to implement in the immune checkpoint strategy because
current immune checkpoint drugs are designed to improve T cell performance while
inhibiting CD274. However, infectious diseases do not exhibit abnormal cell proliferation.
Immunotherapy aimed at B cells could shed new light on the cross-use (Table 1).

5.2. The Similarities in Immunity between Patients with Infectious Diseases and Cancers

It is universally acknowledged that both infectious disease and cancer weaken the
immune system, either because of a pre-existing deficiency, the disease, or the treatment
methods, while asthma enhances the immune response out of the normal range. Cancer
can weaken the immune system by invading the bone marrow where immune cells are
generated [136], e.g., in leukemia. However, other types of cancer, even somatic cancer
cells, can metastasize to the bone marrow and consequently weaken the immune system.
Meanwhile, some authors have reported that the cytokine secretion by cancer cells affects
the tumor infiltration status. Tumors with high immune cell infiltration are defined as
hot tumors, whereas tumors without strong immune responses are called cold tumors.
High immune infiltration is associated with better tumor growth and metastasis [136].
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Furthermore, both chemotherapy and radiotherapy are believed to have a significant
side-effect on the patient’s immune system (Figure 7).

Table 1. This is a summarized table describing the antibody drugs in lung disease *.

Disease Subtypes Target Name

Lung cancer

NSCLC VEGF Bevacizumab

NSCLC EGFR Necitumumab

NSCLC, SCLC PD-1 Nivolumab

NSCLC CD20 Rituximab

NSCLC PDCD1 Sintilimab

Lung infection

Asthma IgE Omalizumab

Asthma IL-4Rα Dupilumab

Asthma IL-5 Mepolizumab

COVID-19 Spike protein Casirivimab

COVID-19 IL-6 Tocilizumab

COVID-19 GM-CSF Lenzilumab

COVID-19 IL-1β Canakinumab

COVID-19 VEGF Bevacizumab

Autoimmune disease,
may affect lung

Rheumatoid arthritis TNFR-Fc Etanercept

Rheumarthritis TNFa Adalimumab

Rheumatoid arthritis IL-6 Tocilizumab

SLE BLyS Belimumab
* Some drugs for COVID-19 are being tested.
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5.3. The Potential Signaling Pathway Can Be Targeted

The cyclic GMP-AMP synthase (cGAS)–stimulator of interferon genes (STING) signal-
ing pathway is involved in the radiotherapy cascade. It was found to regulate interferon
secretion (e.g., type I interferon) and immune activation by sensing DNA double-strand
breaks. The breaking of DNA double-strand by radiation is the basic principle of radiother-
apy. Thus, the antitumor immunity will be enhanced [137]. However, when the radiation
quantity rises out of a threshold (10–12 Gy), the interferon will simulate 3′-repair exonucle-
ase 1 (TREX1), which subsequently down-regulates the cGAS–STING signaling pathway
and degrades cytosolic double-stranded DNA [138].

Patients with immune deficiency or weakness usually have a worse prognosis. Al-
though no radiotherapy was applied in patients with COVID-19, steroids were widely
applied. Glucocorticosteroids effectively reduced mortality among infected patients and
played an important role in sustaining patients who needed invasive mechanical ventila-
tion [139]. Corticosteroid treatment tends to suppress the immune system, although there
is an exception. A cytokine storm is characterized by the transformed activation of the
immune system. This excessive elevation of circulating cytokines levels is associated with
various infectious diseases, and symptomatic patients often present with vascular damage,
immunopathology, and worsening clinical outcomes.

Cytokine storm has been observed in patients with COVID-19 and patients with cancer.
Various drugs were developed to eliminate cytokine storm in patients with cancer; some
proved effective even when applied to patients with COVID-19. Some tyrosine kinase
inhibitors have been proven to be applicable. In the future, a monoclonal antibody with a
similar function may be identified.

Acalabrutinib is used to treat patients with chronic lymphocytic leukemia. It is a
small-molecule inhibitor targeting Bruton’s tyrosine kinase (BTK), a cytoplasmic tyrosine
kinase that is essential in B-lymphocyte development, differentiation, and signaling [140].

In another study, using a macrophage-mediated model of atherosclerosis, bioinformat-
ics results indicated that BTK is related to oxidative stress, ER stress, and inflammation, thus
identifying BTK as a potential therapeutic target. Additional in silico analyses of expression
values and protein–protein interactions also proved BTK to be a hub gene. Experimental
verification proved the involvement of nuclear factor kappa B (NF-κB) signaling activa-
tion [141]. Acalabrutinib is also applicable to treating patients with COVID-19, as a recent
study demonstrated that it reduced the oxygen requirements as well as the hospitalization
rate and duration [142].

5.4. The Similarities of Surface Proteins Can Be Used as Biomarkers and Therapeutic Points

Another point of crosstalk between cancer and COVID-19 is their similar biomarkers.
The function of SARS-CoV-2 involves a protein called transmembrane serine protease
2 (TMPRSS2), which has the ability to cleave S protein at the S29 site, making it essential
to COVID-19 infection. However, it also identifies it as a potential therapeutic target.
A knockdown experiment showed the essential role of TMPRSS2 in COVID-19-infected
Calu-3 human airway epithelial cells [143]. TMPRSS2 is also one of the most advanced
urine-based diagnostic and prognostic biomarkers for prostate cancer [144]. The activated
TMPRSS2 releases its serine protease domain into the extracellular space. The activation of
protease-activated receptor-2, a type of G protein, triggers a cascade that controls androgen-
induced prostate cancer cell invasion and growth and may cause prostate cancer metastasis
as well [145]. Its differential expression was observed in the following cancer types from the
cancer genome atlas (TCGA) classification system: breast cancer (BRCA), cervical squamous
cell carcinoma and endocervical adenocarcinoma (CESC), colon adenocarcinoma (COAD),
esophageal carcinoma (ESCA), head-and-neck squamous cell carcinoma (HNSC), kidney
chromophobe (KICH), kidney renal clear cell carcinoma (KIRC), kidney renal papillary
cell carcinoma (KIRP), lung squamous cell carcinoma (LUSC), prostate adenocarcinoma
(PRAD), rectum adenocarcinoma (READ), sarcoma (SARC), skin cutaneous melanoma
(SKCM), testicular germ cell tumors (TGCT), thyroid carcinoma (THCA), uterine corpus
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endometrial carcinoma (UCEC), and uterine carcinosarcoma (UCS). The androgen receptor
is not only used for the treatment of prostate cancer but is also found on lung cells [146]. We
summarized the TMPRSS2 expression status across 33 types of cancer. Seventeen types of
cancer showed differential expression between tumor tissue and normal tissue (Figure 8).
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As previously mentioned, ACE2 mediates the recognition and entry of SARS-CoV-2
into somatic cells. Surprisingly, several types of malignant tumors have high ACE2 expres-
sion levels based on gene expression profiling interactive analysis (GEPIA) results [147].
The ACE2 protein was highly expressed in COAD, KICH, KIRP, pancreatic adenocarcinoma
(PAAD), READ, SARC, stomach adenocarcinoma (STAD), TGCT, THCA, lung adenocar-
cinoma (LUAD), and LUSC, which suggested a high susceptibility of patients with these
types of cancers to SARS-CoV-2 infection. A recent study confirmed this by reporting that
COVID-19 patients with lung cancer have a higher risk of severe outcomes than that of
patients without cancer [148].

Another notable point is that cells expressing low ACE2, such as immune cells, can also
be potentially infected by SARS-CoV-2, as was shown for SARS-CoV, suggesting that other
receptors may facilitate virus entry [149]. CD147, CD26, and cyclophilins were identified as
supporting evidence for this hypothesis, as they were expressed in both epithelium and in
immune cells. The expression of these receptors is related to age, gender, obesity, smoking,
and disease status. This may explain the incidence rate and severity of COVID-19 in the
population mentioned above.

In conclusion, patients with COVID-19 and patients with cancer, especially lung
cancer, have many similar symptoms. Multiple identical significant cytokines and signaling
pathways were identified in both COVID-19-infected and cancer tissues. Even some genetic
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similarities were found. Therefore, although some cancer drugs may be applicable to
patients with COVID-19 as well, there are still many crosstalk identities between COVID-19
and cancer that remain to be discovered.

5.5. The Bioinformatics in Monoclonal Antibody Building and Target Identification

The bioinformatics approach should be followed in the development of monoclonal
antibodies. The immune-informatics approach has successfully identified CTL and B cell
epitopes in the SARS-CoV-2 surface glycoprotein [150]. Using a molecular dynamics
approach, the interactions between identified epitopes and corresponding major histo-
compatibility complex (MHC) class I supertype representatives were reported. These
identifications may serve as vaccine candidates. The bioinformatics approach would cer-
tainly accelerate the vaccine invention process; it has already been widely used in cancer
biology. Numerous biomarkers and significant pathways have been identified using this
approach, thus providing novel insights into cancer treatment and mechanism research.

Despite the rapid development of computer technology, it still cannot simulate all the
chemical reactions or biological processes in cells, much less in an organ or entire human
organism. The final evaluation needs to be performed in cell culture systems and animal
models, followed by multiple phases of clinical trials. Building a reliable model is the
highest priority in bioinformatics result verification [151]. There are different kinds of
model animals, such as mice, hamsters, ferrets, and rabbits, each with its own advantages
and shortcomings. The model should be chosen according to the experiment settings. Some
conserved gene knockout models (e.g., ACE2) are relatively easy to build, while some
complex genotype models are more challenging to build. Successful results in these model
animals would permit the progression to clinical trials.

Thanks to the development of high-throughput sequence technology and the advances
in bioinformatics tools, it is possible to select agonist antibodies based on the affinity
between ligand and receptor in the antibody’s activity. Moreover, Rosetta, AlphaFold, and
other computational tools made it possible to predict the protein structure, which is useful
in identifying potential antibodies.

Despite being a relatively new subject area, bioinformatics has already made many
contributions to the biomedical field. Applying bioinformatics in potential target selection,
corresponding neutralizing antibody design, and efficacy simulation, would aid in the
successful application of neutralizing antibodies in cancer therapy.

Nowadays, with the development of modern molecular and cellular biology, the
overall structure and underlying mechanism of cancer or SARS-CoV-2 have been discussed
extensively. However, many issues remain unexplored. Previous limitations prevented the
development of effective treatment approaches, but the overall survival and prognosis of
patients may be significantly improved through continued global collaborative efforts.

6. Preparing for Disease X in the Lung

Considering the variants of SARS-CoV-2 and some cancer cells, it is questionable
whether these antibodies will remain applicable. The SARS-CoV-2 Delta variant has
already shown reduced sensitivity toward neutralizing antibodies [152]. Thus, it would
be desirable for neutralizing antibodies to target stable positions. Although it is not a
good idea to focus on SARS-CoV-2 and cancer cells themselves, novel therapeutic targets
for antibodies could also include the immune cell and microenvironment involved in the
infectious or cancerous process, especially some cytokines. Meanwhile, the antibodies’
target surface proteins may not have a broader effect on different types of disease even in
the same organ, but the antibodies’ target classic signaling pathways and cytokines may
demonstrate cross use in different types of diseases. Herein, the antibodies for critical
cytokines should be subject to more research in the future.

The current review demonstrates that antibodies may be useful in the treatment
of infectious diseases and lung cancer. The efficacies, side effects, and prognosis rates
of antibodies vary depending on the mechanisms by which they enhance the immune
response against cancer or infections. We should prepare for disease X [153] in the lung,
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which is not limited to the currently existing lung diseases. COVID-19 is not the first
pathogen to have an impact on human health, and it will not be the last. Importantly, when
a new disease, particularly an infectious disease, strikes a human, it is critical to use existing
drugs for emergency use.
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Abbreviations

ACE2 Angiotensin-converting enzyme 2
COVID-19 Coronavirus disease 2019
DC Dendritic cell
EV Extracellular vesicle
IFN-γ Interferon gamma
mRNA Messenger RNA
NSCLC Non-small cell lung cancer
PD-1 Programmed cell death protein 1
RBD Receptor-binding domain
SARS-CoV-2 Severe acute respiratory syndrome-coronavirus 2
Th helper T-cell
TMPRSS2 Transmembrane serine protease 2
VASH Vasohibin
VEGF Vascular endothelial growth factor
ACC Adrenocortical carcinoma
BLCA Bladder Urothelial Carcinoma
BRCA Breast-invasive carcinoma
BC Breast carcinoma
CESC Cervical squamous cell carcinoma and endocervical adenocarcinoma
CHOL Cholangiocarcinoma
COAD Colon adenocarcinoma
COAD Colon adenocarcinoma
READ Rectum adenocarcinoma esophageal carcinoma
DLBC Lymphoid Neoplasm Diffuse Large B-cell Lymphoma
ESCA Esophageal carcinoma
GBM Glioblastoma multiforme
GIST Gastrointestinal Stromal Tumors
GC Gastric Cancer
LGG Low-Grade Glioma
HNSC Head and Neck squamous cell carcinoma
KICH Kidney Chromophobe
KC Kidney Cancer
KIRC Kidney renal clear cell carcinoma
KIRP Kidney renal papillary cell carcinoma
LAML Acute Myeloid Leukemia
LC Lymphocyte cancer
LGG Brain Lower-Grade Glioma
LIHC Liver hepatocellular carcinoma
LUAD Lung adenocarcinoma
LUSC Lung squamous cell carcinoma

http://gepia.cancer-pku.cn/


Life 2022, 12, 130 22 of 28

MESO Mesothelioma
MM Multiple Myeloma
OV Ovarian serous cystadenocarcinoma
PAAD Pancreatic adenocarcinoma
PNET Pancreatic neuroendocrine tumor
PCPG Pheochromocytoma and Paraganglioma
PRAD Prostate adenocarcinoma
READ Rectum adenocarcinoma
RCC Renal cell carcinoma
SARC Sarcoma
SKCM Skin Cutaneous Melanoma
STAD Stomach adenocarcinoma
STES Stomach and Esophageal carcinoma
TGCT Testicular Germ Cell Tumors
THCA Thyroid carcinoma
THYM Thymoma
UCEC Uterine Corpus Endometrial Carcinoma
UCS Uterine Carcinosarcoma
UVM Uveal Melanoma
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