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Abstract: The pandemic of COVID-19 is of great concern to the scientific community. This mainly
affects the elderly and people with underlying diseases. People with obesity are more likely to
experience unpleasant disease symptoms and increased mortality. The severe oxidative environment
that occurs in obesity due to chronic inflammation permits viral activation of further inflammation
leading to severe lung disease. Lifestyle affects the levels of inflammation and oxidative stress. It has
been shown that a careful diet rich in antioxidants, regular exercise, and fasting regimens, each and/or
together, can reduce the levels of inflammation and oxidative stress and strengthen the immune
system as they lead to weight loss and activate cellular antioxidant mechanisms and reduce oxidative
damage. Thus, a lifestyle change based on the three pillars: antioxidants, exercise, and fasting could
act as a proactive preventative measure against the adverse effects of COVID-19 by maintaining
redox balance and well-functioning immunity. Moreover, because of the observed diversity in the
expression of COVID-19 inflammation, the role of genetics of innate immune molecules, surfactant
protein A (SP-A)1 and SP-A2, and their differential impact on the local lung microenvironment and
host defense is reviewed as genetics may play a major role in the diverse expression of the disease.

Keywords: COVID-19; SARS—Cov-2; free radicals; oxidative stress; antioxidants; exercise; fasting;
surfactant protein A

1. Introduction

December of 2019 may represent an era that will change the mindset of humanity from its roots.
The “severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)”, provoked a highly contagious
disease that was first reported in Wuhan city in China and within months spread throughout the
globe. This posed the greatest challenge we have faced since World War Two, and was declared a
global pandemic by the World Health Organization (WHO) on 11th of March, 2020 [1]. By the end of
May 2020, the virus had infected more than 6 million people worldwide and killed more than 370,000.
Inflammation, cell death, and other pathophysiological processes have been extensively linked with
respiratory viral infections that could be linked also with a redox imbalance or oxidative stress. Reactive
Oxygen Species (ROS) are molecular species with well-established physical-chemical properties [2].
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Four successive steps of one-electron reduction starting with molecular oxygen are necessary for
their production (Figure 1). There are three major species, the superoxide anion (O,°”), hydrogen
peroxide (H,O;) and the hydroxyl radical (HO®) [3]. O,°~, and HO® can participate in reactions with
organic substrates and produce intermediate species that can lead to further formation of other ROS.
ROS can be detrimental for DNA, proteins and lipids because of their ability to induce oxidative
modifications of these molecules that are involved in several pathologic conditions [4]. The human
body has endogenous antioxidant defense systems that eliminate reactive species such as superoxide
anions (O,°*7), hydrogen peroxide (H,O,), and the hydroxyl radical (HO®). Enzymatic antioxidants
such as, catalases (CAT) superoxide dismutase (SOD), the thioredoxin-dependent peroxiredoxin
system, glutathione peroxidases (GPxs) together with the non-enzymatic antioxidants can counteract
free radicals and neutralize oxidants [5]. The specific role of SOD is to catalyze the dismutation of
superoxide radicals (O;7) to molecular oxygen (O;) and hydrogen peroxide. The hydrogen peroxide
molecule is reduced further to water using glutathione peroxidase (GPx), which in the next step is
recharged by glutathione reductase (GR) and this, in turn, is recharged by a number of antioxidant
compounds. Furthermore, CAT plays a role in the conversion of hydrogen peroxide into oxygen and
water [6] (Figure 1). This antioxidant defense mechanism can be deregulated by several pathologic
conditions such as diabetes, hypertension, and obesity. The deregulation of the redox state and the
levels of molecules and the related enzyme activities and the crosslink with several diseases seems to
be one of the main concerns that many toxicological fields have tried to describe for decades.
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Figure 1. Formation and neutralization of free radicals. The red arrows and red shapes indicate
the harmful reactive oxygen species and their negative impact on the oxidation of macromolecules.
The green arrows and shapes indicate the antioxidant enzymes and the reactions that counteract and
neutralize oxidants.

Moreover, the lung is constantly exposed to external environment threats, such as bacteria, viruses,
toxins, allergens, and other that have the potential to increase inflammation and redox imbalance.
However, lung innate immune cells (i.e., the alveolar macrophage) and innate immune molecules
such as the surfactant proteins, (SP-A)1 and SP-A2, as well as others, by providing the first line
of host defense against the various insults, maintaining lung health under normal circumstances.
SP-A1 and SP-A2 are components of pulmonary surfactant, a lipoprotein complex, the key function
of which is to reduce surface tension in the distal lung (i.e., alveoli) and prevent lung collapse, and
thus enable the O,/CO, exchange to occur in the lung, an essential function for life [7]. In fact, SP-Al
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and SP-A2 variants have been shown previously to differentially regulate inflammatory processes
and host defense [8-10], and mice, each with a different SP-A variant showed significantly different
survival rates [11] and lung function [12] after K. pneumoniae infection. Collectively, the surfactant
components play important roles in surfactant-related functions and in the regulation of inflammation
and innate host defense, and the surfactant proteins, in particular, are involved collectively in all these
functions/processes. In most, if not all, pulmonary diseases there is surfactant dysfunction and/or
dysregulation of inflammatory processes and host defense, and in this context optimally functioning
surfactant components are central to nearly all pulmonary diseases.

The issues addressed in this review are several-fold. First, we will review whether the redox-related
mechanisms are deregulated in the COVID-19 infection. Second, we will investigate lifestyle changes
that have been shown to positively affect redox balance whether these could, if applied, position
individuals in a more advantageous situation for subsequent waves of COVID-19 infection. Third,
we will review whether the genetics of innate immune molecules, SP-Al and SP-A2, that have been
shown previously to differentially affect the alveolar microenvironment, play a role in determining the
severity of COVID-19 infection and thus explain, in part, the variable clinical outcome in these patients.
Moreover if the answer is yes, what kind of therapeutic interventions may be considered?

2. The Interrelation between Reactive Oxygen Species and SARS-Cov-2

Based on analysis of decade-long structural studies of SARS Coronavirus, researchers have
confirmed the binding of SARS-CoV to the angiotensin-converting enzyme 2 (ACE2) receptor [13].
Thus it appears that the new coronavirus binds optimally to the human receptor ACE2 [14-16].
The major role of ACE2 is to lower the blood pressure by catalyzing the hydrolysis of angiotensin
2 (AT-II) into AT-1,7 [17-19]. AT-1,7 inhibits the pro-oxidant effects of AT-II, through reduction
of superoxide anion production, while AT-II promotes it [20]. Therefore, basically the binding of
SARS-CoV-2 to ACE2 is going to inactivate it and prevent the production of AT-1,7, and consequently
deregulate superoxide levels. Moreover, the COVID-19-mediated inflammation is likely to increase
the amount of AT-II that subsequently increases the amount of superoxide (Figure 2). Regarding the
potential protective effects of AT-1,7 the existing data indicate that treatments based on ACE2 approaches
might be promising strategies in order to minimize aberrant vascular responses and atherothrombosis.
Specifically, ACE2, by means of the AT-1,7 system, exerts its role based on a mechanism that might
involve attenuation of Nicotinamide Adenine Dinucleotide Phosphate (NADPH)-oxidase-induced
ROS production, thus leading to the improvement of endothelial homeostasis [21]. Furthermore,
ACE2 and AT-1,7 significantly prevent early atherosclerotic lesion formation by means of protection of
endothelial function, counter-regulation of AT-II signaling and inhibition of inflammatory response [22].
Likewise, recently it has been shown that in women with preeclampsia, AT-1,7 showed increased
endothelium-dependent vasodilation via nitric oxide (NO) synthase-mediated pathways and also
attenuated AT-II-mediated constriction. This indicates that women with preeclamptic pregnancy may
have a chance for a viable therapeutic target, the AT-1,7 [23].

Another problem resulting from COVID-19 is that it causes inflammation and specifically it
recruits neutrophils or polymorphonuclear cells (PMNs) [24] that are able to use NADPH oxidase to
stimulate the conversion of oxygen to superoxide [25]. The connection of NADPH oxidase, AT-1I, and
the way that it can cause oxidative stress comes from a study regarding atherosclerosis. In that study
NADPH oxidase and O,~ production are increased in vascular cells by a variety of agonists relevant
to the pathogenesis of atherosclerosis, including AT-II [26]. Subsequent to this, it was shown that
there are several enzyme systems contributing to the formation of ROS, including NADPH oxidase
and equally how AT-II stimulates, both in vitro and in vivo, increases in ROS [27]. With respect to the
PMNs and the innate immune state of SARS-Cov-2 infected patients, there is still limited information.
Specifically, one study with 99 cases from Wuhan found increased total neutrophils (38%), reduced
total lymphocytes (35%), increased serum interleukin 6 (IL-6) (52%) and increased c-reactive protein
(C-RP) (84%). Moreover, another study showed statistically different increases in total neutrophils and
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decreases in total lymphocytes in severe patients of ICUs compared with those in non-ICU care [28].
Neutrophils, on the other hand, may activate the production of ROS by NADPH oxidases [29].
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Figure 2. Diagram indicating how COVID-19 may contribute to the generation of free radicals. The red
arrow and red shapes indicate processes as well as the contributions of COVID-19 to the generation of
reactive oxygen species (ROS). The negative impact of ROS on the macromolecules and on subsequent
inflammatory processes is shown. Green arrows/line and green shapes indicate processes and/or
enzymes that eliminate ROS or prevent its generation.

Given the limited information with regards to the characteristics and outcomes of the new
coronavirus patients that develop severe symptoms, there is an urgent need to describe the specifics of
other underlying diseases these patients may have. Among 5700 patients hospitalized with COVID-19
infection in the New York City area the number of patients that were hospitalized and had hypertension
were 57% of the total 5700 patients versus 7% in the general population. In addition patients who
had BMI >30% were 42% of the total 5700 patients that were admitted to the hospital versus 30% in
the general population [30]. Moreover 11% of the 5700 patients had coronary artery disease and 7%
had congestive heart failure [30]. These numbers are higher than they are in the general community.
Moreover, those who were admitted with asthma were 9%, with chronic obstructive pulmonary disease
(COPD) 5%, and obstructive sleep apnea 3%, and these percentages are about the same as they are in
the general population [30], indicating that these conditions may not be a really big risk factor. On the
other hand, it seems that COVID-19 affects people with cardiovascular disease and obesity. A common
thing between these two pathological conditions is the level of oxidative stress. It is well-known that
obese, cardiovascular patients, and aged people have deregulated redox states and definitely tip the
balance in favor of oxidative stress [31].

A critical aspect of these conditions is that oxidative stress leads to cardiovascular diseases. It
is known that early events in cardiovascular disease (CVD) occur when the vascular endothelium
is damaged. This damage impairs the function of the endothelium, a condition called endothelial
dysfunction [32]. The physiological function of endothelium can be modified directly by activating
several transcription factors leading to the upregulation of adhesion molecules in platelets and
leukocytes and decreasing the bioavailability of nitric oxide (NO) or indirectly by increasing the
formation of advanced glycation end products (AGEs) or increasing oxidation of low density
lipoproteins [33]. Because of the fact that the endothelium represents the main regulator of the
vascular wall, homeostasis preserves low levels of oxidative stress both by releasing mediators such
as NO and by controlling local AT-II activity [34]. Therefore, endothelial dysfunction is associated
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with decreased synthesis of NO from endothelial NO synthase and increased oxidative inactivation
of NO [35]. SOD, CAT, GPx, and glucose-6-phosphate dehydrogenase deficiency G6PD are critical
antioxidant enzymes that eliminate ROS and can inactivate NO. Deficiencies of the aforementioned
enzymes lead to increased oxidative stress and NO inactivation and as such can contribute either
directly or indirectly through other mechanisms to Endothelial Cell Dysfunction (ECD) [36]. To prevent
the dysfunction of the antioxidant defense system selected antioxidants have been used for a long time
in an attempt to improve the intracellular redox state and prevent pathological conditions that we
described above [37]. Until now we have explored evidence that provide connection between CVDs,
aging, and high BMI in humans with redox imbalances and potentially with COVID-19 infection. Below
we will discuss further specific endpoints as shown in Figure 3 that may differentially be expressed in
individuals that express severe COVID-19 infection and those who do not.

Humans with the Humans with the
following characteristics following characteristics
DEEE oo
_ Antioxidant intake - Good Nutrition
| COVID - 19 infection
_ Oxidative stress
_ Asymptomatic disease
_ Inflammation
 lowposbity susve
© ghpombity | Acuteros

Figure 3. Human characteristics and potential outcomes after infection with severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2). In this figure we summarize lifestyle characteristics and the
underlying mechanisms as well as potential outcomes before or after SARS-CoV-2 infection. * In the
present context age, young and old, means young or old in chronological age, but also could refer
to young and old in terms of their lung health (i.e., a chronologically old person may have “young”
physiological indices due to healthy lifestyle habits, and vice versa).

3. Lifestyle Changes

Lifestyle changes such as systematic and chronic exercise, diet, and fasting are shown to improve
physiological fitness and health, in general. As the future with COVID-19 is currently uncertain with
the possibility of a second or more waves of the disease occurring in the coming year(s), it is prudent
to think ahead and consider ways as to how one may best position himself/herself to better fight or
attenuate the severity of the disease or even prevent it altogether. Below we discuss lifestyle changes,
such as natural antioxidant regimens, exercise, and fasting, among others, to promote antioxidant
mechanisms and reduce inflammation.

3.1. Antioxidants and Natural Dietary Regimens that Promote a Strong Host Antioxidant Environment

The redox-related mechanism of the infectious action of SARS-CoV-2, i.e., the induced lung toxicity
via the enhancement of reactive oxygen species generation could provide a clue regarding the use
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of specific compounds with antioxidant potency against its virulence [38] and the fortification of the
antioxidant arsenal of the host. An enhanced antioxidant status of the host cells may be a significant
factor against infection, given that there are many examples of viruses and pathogens in general that
are eliminated in an antioxidant environment [39]. An interesting proposal is to use N-acetylcysteine
(NAC), which is a precursor molecule for reduced Glutathione (GSH) as a therapeutic intervention [38].
The infection by SARS-CoV-2 is thought to induce accumulation of viral and other proteins that are
not degraded by proteasome and, hence, cause toxic effects in the infected cell by disrupting redox
homeostasis [40]. Therefore, NAC administration could be considered a reasonable approach since
NAC inhibits proteasome inhibitors [40]. In addition to NAC, whey protein administration seems
to be another promising idea for the enhancement of the host antioxidant status and for increasing
possibilities for the attenuation or prevention of COVID-19. Whey protein is a by-product of the cheese
making process in dairy industry and due to its high organic burden it is considered a serious pollutant
for the environment when discarded without control [41]. Nevertheless, recent studies have shown
that it is a very potent antioxidant agent of animal origin and its beneficial properties are similar to the
traditionally established extracts of plant origin [42,43]. Interestingly, sheep/goat whey protein has
been extensively examined for its beneficial action in several experimental environments, namely in cell
lines and in vivo, with promising results [44]. Indeed, whey protein is shown to be a strong antioxidant
and antimutagenic agent in cell culture [45—47] and in vivo [48-50], and it appears to protect against
inflammation, a low-grade inflammatory state that makes the elderly vulnerable to COVID-19 [38,51].
Under an appropriate administration regimen, whey protein could fortify the antioxidant defense of
the host and act as an important preventive agent against SARS-CoV-2 virulence given that several
parameters such as the route of administration, the nutritional and health status of the individuals, the
personalized regimen for antioxidant administration, and others will be taken into account.

In addition to the above, another class of antioxidant molecule, polyphenols, are of particular
interest. Polyphenols are found mainly in plant foods such as fruits and vegetables, but also in their
derivatives, such as wine and olive oil. Several studies have shown that many foods rich in or enriched
with polyphenols can have a positive effect on oxidative stress indicators in in vitro and in vivo studies.
Studies in the EA.hy926 cell line have confirmed the antioxidant activity of polyphenolic grape and
olive extracts by improving GSH levels [52-55]. Additionally, studies in livestock such as pigs, hens,
and sheep, have found that animal feed supplemented with antioxidants derived from olive oil mill
wastes and wine bioproducts, improved the redox status in animals [56-59]. Finally, a study in humans
that consumed a significant amount of pomegranate juice resulted in increased GSH levels and reduced
lipid peroxidation [60]. The molecular mechanisms by which polyphenols exert their antioxidant
activity are connected with nuclear factor erythroid 2-related factor 2 (NRF2) [61-63]. Activating the
NRF2-Kelch-like ECH-associated protein 1 (KEAP1) pathway leads to the activation of the expression
of genes controlled by the antioxidant response element (ARE). ARE controls a number of genes with
antioxidant, detoxifying and anti-inflammatory action [64]. Polyphenols can therefore strengthen
the antioxidant defense, and their intake through diet could be a potential protection mechanism
against SARS-CoV-2.

3.2. Exercise

Scientists are constantly discovering new benefits of exercise. In experiments over the past 10
years, a number of studies have found that exercise can help with respiratory problems [65]. It has
been shown that exercise promotes the activation of the body’s antioxidant mechanisms. Aerobic
endurance exercise has been shown to activate the production of an antioxidant enzyme peroxide
dismutase (EcSOD) that breaks down the superoxide root in healthy and obese people or people with
type 2 diabetes [66-70]. SOD is the only antioxidant enzyme that breaks down the root of O, to HyO,
and thus deactivates it. In addition, regular aerobic exercise can increase levels of the most important
antioxidant molecules, GSH and GPx, where the latter uses GSH to neutralize free radicals [69,71]
(Figure 2). Of particular interest, however, is the fact that several studies have shown that long-term
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aerobic exercise reduces oxidative damage in biomolecules. Several studies have shown that various
aerobic exercise protocols that lasted at least several weeks led to a reduction in lipid peroxidation
as seen in the reduction of thiobarbituric acid reactive substances (TBARS) and malondialdehyde
(MDA) [66,69,71-75]. Whether a systematic long-term exercise routine could reduce the risk of death
from COVID-19 remains to be determined. However, based on the available scientific data we postulate
that a well-conditioned, fit individual, is highly likely to enjoy a strong antioxidant environment where
pathogens, such as SARS-CoV-2, will not fare well and the risk for severe disease could be minimized.

3.3. Fasting

Humans fast daily during their sleep, which typically equals to 8-10 h. There are, however,
periods of fasting that are imperatively longer than the periods of normal food intake. For example,
fasting was a quite frequent situation in prehistoric times because access to food was difficult and as a
result individuals of that era were obliged to survive without food until it was available again [76].
Nowadays, humans fast mainly for religious or health reasons [77-81]. To this end, believers abstain
from food intake during certain periods dictated by their religion, such as Lent for Christians and
Ramadan for Muslims, while patients go through a short fasting period before an operation or in their
effort to improve the quality of their life by losing weight and body fat [82]. On the basis of the recently
obtained scientific evidence, though, the residents of the so-called developed world follow fasting
protocols without any obvious health reasons but just for taking advantage of the beneficial properties
it offers to their psychological equilibrium and metabolic health [80].

Fasting is divided into two major categories, namely intermittent and periodic (or prolonged)
fasting. Intermittent fasting, which is the most widespread, involves alternations between periods
of fasting and food intake on a daily basis [83,84]. Usually the fasting period is 1420 h and the
feeding window lasts 104 h. Intermittent fasting has been extensively studied during the last decade
in healthy individuals as well as in patients that mainly suffer from diabetes, metabolic syndrome,
and obesity [83-85]. The available literature shows that intermittent fasting improves human health
in terms of not only weight and fat loss but also of changes in insulin and growth hormone [76].
Improvements in biochemical indices, such as glucose, triglycerides, and cholesterol have also been
reported [86]. On the other hand, periodic fasting refers to total abstinence from food or a restricted
number of calories for 24 h to a few days. There is limited evidence on animals to indicate whether
periodic fasting has beneficial for one’s health. Penguins and elephant seals are animals with the
distinguishing characteristic that they normally fast for prolonged time periods. Relevant studies have
demonstrated that Nrf2 is activated, thus protecting against oxidative damage through strengthening
the antioxidant mechanism of these animals [87,88]. A recent study of long-term fasting models applied
in humans showed improved blood redox status after a period of 10 days [89].

Among the beneficial effects of fasting, it has been observed that fasting decreases the levels of
mammalian target of rapamycin (mTOR), which is associated with reduced cell growth and nuclear
factor-kB (NF-«kB) and this is, in turn, is correlated with reduced inflammation [90,91].

Furthermore, fasting results in the enhancement of AMP-activated protein kinase (AMPK) and
Sirtuin (SIRT) levels that play a pivotal role in mitochondrial biogenesis, Forkhead box O (FOXO) that
activates cellular autophagy, and Nrf2 that activates genes associated with antioxidant activity [92-94].
The beneficial effects of fasting interventions on several readouts, have been shown in numerous
studies. These readouts include weight loss, metabolic shift from carbohydrate to fat burning, alteration
in key hormone levels (e.g., adiponectin and leptin etc.), as well as improvements in inflammatory
biomarker levels, such as brain-derived neurotrophic factor (BDNF), tumor necrosis factor alpha
(TNF-o), interleukins, and C-RP [95-102]. In aggregate the collective published data indicate that fasting
plays a significantly beneficial role, and pathological conditions such as obesity and cardiovascular
diseases can be significantly altered by changes in food intake. This, in turn, may help these and other
patients if infected with COVID-19 to perhaps experience reduced severity and avoid death.
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4. Genetic Complexity of the Lung Innate Immune Molecules, SP-A1 and SP-A2, and Its Role in
Lung Health

As noted above, surfactant protein-A (SP-A), is an innate immune molecule that plays important
roles both in surfactant-related functions and innate immunity of the lung. In this section, we
will briefly review the role of SP-A genetics on the regulation of the alveolar macrophage, alveolar
microenvironment, survival outcomes, and pulmonary disease susceptibility, and discuss how this
knowledge may apply to COVID-19 and/or how SP-A variants, by providing the first line of defense,
may contribute to COVID-19 outcomes.

4.1. What have We Learned from Preclinical andfor Human Studies with Regards to the Role of SP-A Genetics
on Lung Health?

In humans SP-A exhibits extensive genetic and epigenetic complexity [103]. Two genes, SFTPA1
and SFTPA2, on chromosome 10 [104,105], encode SP-A1 and SP-A2, respectively, and each has been
identified, in addition to splice and other sequence variants in their untranslated regions, with several
coding variants [106-108]. Figure 4 Panel A depicts the chromosomal organization of the SP-A locus
and the frequency of the SP-A1 and SP-A2 coding variants. The SP-A2 1A? and the SP-A1 6A? variants
are the most frequently found in the general population, as depicted here with the largest circles.
The other variants shown by smaller size circles indicate a lower relative frequency. For the SP-A1
variants the frequency sequence in the general population is 6A2>6A3>6A*>6A and for the SP-A2,
1A9>1AT>1A>1A%>1A3>1A5 [109]. SP-A1 and SP-A2 are found (Panel B) as hetero-oligomers [110]
but homo-oligomers have been shown to be functional as well [111]. The SP-A molecule (Figure 5)
consists of a number of regions including the signal peptide, N-terminal, collagen-like region, neck,
and the carbohydrate recognition domain (CRD). SP-Al and SP-A2 variants are distinguished between
themselves by four amino acids within the collagen region and the SP-A1 and SP-A2 variants in addition
to these four gene-specific differences differ in amino acids located in other regions of the protein, as
shown in Figure 5, except for the neck region that is conserved among all known variants [107,112].
Residue 85 is a Cys in SP-A1 and an Arg in SP-A2 and plays a key role in function and biochemical
properties of SP-A variants [113]. Residue numbering is based on the precursor molecule that includes
the signal peptide. A number of the variants, as shown in Figure 5, are identical in amino acid
sequence after the signal peptide is removed and thus these are expected to be similar in function
although nothing is known about their regulation and hence their levels may differ. In addition
to coding variants there are splice variants at the 5" UTR [107,114] as well sequence variants at the
3’UTR [115,116]. The coding variants hold the potential for functional differences among themselves.
In fact, a considerable body of research has shown this to be the case in both host defense and
surfactant-related functions [8-12,117-126]. Although in terms of host defense, the mechanistic details
of SP-A1/SP-A2 binding to alveolar macrophages to bring about the observed differential outcomes
are not known, the Byax of SP-A2 binding to alveolar macrophage is 2-3 times higher than that of
SP-A1 [127]. This is consistent with the higher activity the alveolar macrophages exhibit in response
to SP-A2 as noted below, in terms of bacterial phagocytosis, cytokine production, among others.
Moreover, a number of studies have shown associations of the surfactant protein variants with many
pulmonary diseases further supporting a contribution of the surfactant proteins to pulmonary disease
susceptibility and/or severity [128,129]. The association of the surfactant protein variants with nearly
all the pulmonary diseases studied is not surprising because virtually in all pulmonary diseases there is
a component of dysregulation of host defense/inflammatory processes and/or surfactant dysfunction or
deficiency and the surfactant proteins play a role in both of these groups of functions, as noted above.
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Human SP-A Genes, coding variants, Oligomers
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Figure 4. The chromosomal organization of SPFTPA locus consists of two functional genes the SFTPA2
encoding SP-A2 and the SFTPA1 encoding surfactant protein A (SP-Al) as well as a pseudogene,
the SFTPA3 as shown in (A). The location of the centromere (C) and the telomere (T) are depicted.
The transcriptional orientation is shown by a bent arrow. The two functional genes have opposite
transcriptional orientation. The coding variants for each gene are shown below the relevant gene and
the size of the circle denotes the frequency of each in the general population with the 1A° and 6A2
being the most frequently observed variants. (B) depicts hetero-oligomers and homo-oligomers.
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Figure 5. The location of the amino acid differences between the SP-Al and SP-A2 genetic variants as
well as the amino acid differences among variants are shown on the different SP-A protein regions
(signal peptide, N-terminal, collagen-like, neck, and carbohydrate recognition domain (CRD)). The black
arrows show the gene specific differences where all the SP-A1 variants differ from all the SP-A2 variants.
The blue and red arrows show differences in SP-A2 and SP-A1 variants, respectively. Residue 85 is
noted for its importance in function and biochemical properties between SP-Al and SP-A2. After the
signal peptide is removed, as shown, some of the variants become identical in their coding region.



Antioxidants 2020, 9, 784 10 of 22

SP-A1 and SP-A2 variants differentially affect alveolar macrophage function (i.e., its ability to
produce proinflammatory cytokines and carry out bacterial phagocytosis) [8-10,130,131]. Mouse
models, where each mouse line carries and expresses a different human SP-A1l or SP-A2 variant
or both, showed a differential impact on the bronchoalveolar lavage proteome [118], as well as the
alveolar macrophage proteome [121,124], miRNome [117,119], and gene expression [132] under baseline
conditions and in response to ozone-induced oxidative stress (OxS) or infection, and these responses
were sex-specific. Furthermore, SP-A1 and SP-A2 variants have also been shown to differentially affect
the epithelial type II cell miRNome in a sex-specific manner [120]. All these SP-A variant-dependent
differential effects in the alveolus and alveolar cells indicate that the alveolar (local) microenvironment
differs among SP-A variants and it is likely that these differences in the face of an insult combine to
differentially affect downstream effects dictating the individual’s health and survival.

Preclinical animal studies have shown that both lung function [12] and survival [11] after bacterial
infection varies significantly according to SP-A genotype, and sex. An SP-A genotype-dependent
survival was also observed in humans after lung transplantation [133]. In these patients, survival was
significantly more favorable, especially the first year after lung transplantation, which is the most critical
time for these patients, if the donor lung carried a specific SP-A2 (1A%) genotype. Previous studies had
shown that low levels of SP-A were associated with poor clinical outcome and early lung transplant
survival [134]. Moreover, SP-A variants differentially affect surfactant-related processes [122,123,125],
which, in turn, may compromise under certain circumstances the key function of the lung, the O,/CO,
exchange and ultimately the survival of the individual.

The animal and human studies underscore the importance of innate immunity and specifically
of the SP-A variants in survival in response to various insults. Furthermore, the genetic associations
between SP-A variants, and disease susceptibility and/or severity in a large number of pulmonary
diseases [122,123,125] provide strong evidence of its role in lung health and disease. From the
collective literature, it is clear that the SP-A genetic variability translates into functional diversity, and
thus dysregulation and/or dysfunction of SP-A variants can affect surfactant function, host defense,
regulation of inflammation, and other.

In summary, the available data together indicate: (a) the importance of SP-A in lung health;
(b) that the differential effect of SP-A genetic variants on the proteome of the bronchoalveolar lavage
and on the alveolar cells (function and regulation) may create a variable alveolar microenvironment
that is SP-A genotype-dependent; (c) that the SP-A variant-dependent changes in the collective
microenvironment (cellular and the surrounding hypophase/liquid) are sex-specific [11,12,117-121,126]
and SP-A-concentration dependent [124]; (d) in a large number of pulmonary diseases, susceptibility
and severity have been associated with SP-A genetic variants [122,123,125]. Moreover, although it
is known that SP-A1 and SP-A2 are differentially regulated [114,135-141], it is currently unknown
how this regulation may be further altered in the presence, for example, of infection. We postulate
that the range of the variant-specific, sex-specific, and SP-A concentration-dependent differences
under normal (unprovoked) healthy conditions do not have any significant negative impact on lung
health but in the face of varied insults (bacteria, virus, OxS, allergens, other) these differences may
be magnified, nullified, or altered to exhibit synergistic or additive effects, and as a result play a key
role in determining susceptibility (risk or protection) and/or severity of the disease. This is supported,
in part, by the observation that in humans with no known pulmonary disease, although the ratio of
SP-A1 to total SP-A in the bronchoalveolar lavage varies [142], this ratio increases significantly in those
with asthma, cystic fibrosis, and bacteria culture positive samples [142,143]. Given the difference in
functional activity between SP-A1 and SP-A2, as discussed above, it is reasonable to state that the
overall functional capacity of SP-A in these patients is significantly altered.

4.2. Do SP-A Genetics Play a Role in COVID-19?

Whether the human SP-A1 and SP-A2 variants play a direct or indirect role in COVID-19 remains
to be determined. Innate immunity provides the first line of host defense and it is reasonable to think
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that the level of success or failure of innate immunity determines disease susceptibility and/or severity.
The significant body of available data indicates that it is highly likely that the innate immune molecules
SP-A1 and SP-A2 play, at the very least, an indirect role in COVID-19 infection and that in this way
the SP-A variants may differentially affect disease susceptibility and/or severity or mitigate negative
effects due to co-infection of COVID-19 patients with one or more non-SARS-CoV-2 pathogens [144].
It was observed that ~26% of these patients are infected with other pathogens and one of the most
common pathogens was respiratory syncytial virus (RSV). SP-A has been shown to enhance RSV
clearance [145] and a functional trimeric fragment of SP-A has been shown to be highly efficacious
in reducing RSV infection [146]. Moreover, human data have shown an association of SP-A genetic
variants with RSV susceptibility [147]. Of direct relevance and interest, is a recent human clinical study
where the alveolar macrophage has been implicated in COVID-19 [148]. As has has been extensively
investigated in preclinical studies, SP-A variants differentially affect the regulation and function of
the macrophage. The authors hypothesized the involvement of innate immunity and that of the
macrophage, in particular, in COVID-19 because of the “hyperinflammatory response” many of these
patients present with, and because this type of response shares characteristics with the macrophage
activation syndrome. A Bruton tyrosine kinase (BTK) inhibitor, that blocks BTK-mediated signaling
and activation of the macrophage, was used to treat patients with COVID-19 with promising results
as a potential therapeutic strategy. Based on the knowledge from the preclinical studies discussed
above, it is likely that the magnitude of the hyperinflammatory response will vary depending on SP-A
genotype, which has been shown to differentially affect a number of processes within the alveolus,
the alveolar macrophage, and the epithelial cell. Moreover, as already noted, the baseline differences
among SP-A variants under normal unprovoked conditions may not have any noticeable negative effect
on the overall lung health, but in the face of an insult (i.e., coronavirus or co-infected non-SARS-CoV-2
pathogens) these differences may be critical in determining risk or protection and/or differentially
mitigating the downstream dire consequences.

We postulate, based on the available literature, that the SP-A genotype contributes to the relative
risk and/or severity of COVID-19 in the presence or absence of co-infection with non-SARS-CoV-2
pathogens and that the macrophage-mediated signaling mechanisms may differentially regulate
the “hyperinflammatory response” as a function of the SP-A genotype. In a recent editorial [149]
three scenarios were considered as to the potential roles of SP-A variants in Covid-19 and these are
depicted in Figure 6. The above postulate provides opportunities for research projects as this is an
important and worthwhile research area. Some of these projects may include: (a) preclinical studies
using existing SP-A variant-specific animal models to study mechanisms and outcomes in response
to coronavirus infection; (b) taking advantage of the current patient availability, human association
studies of SP-A genotype and patients infected with coronavirus can be carried out to determine
which genotypes are associated with disease susceptibility (risk, protection) and/or disease severity;
(c) identification of genetic or epigenetic disease markers to distinguish those with high or low risk;
and (d) therapeutic regimens using animal models and information from (a). miRNA therapies may be
contemplated based on existing animal data. Understanding the miRNome in health and disease is
very important for potential therapies because of its ease of implementation. For example, the use of
SP-A variant-regulated miRNAs in therapeutic regimens is far more feasible than using SP-A variants
themselves because for the latter it would be much more challenging to produce large amounts of
functional SP-A for therapeutic use, as SP-A is highly modified co- and post-translationally [150-154].
Furthermore, the use of trimeric fragments of SP-A instead of the entire molecule could be another
therapeutic approach [155].
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Figure 6. This Figure depicts three scenarios of the potential role of the SP-A innate immune molecules
on COVID-19 patients, described in a recent editorial [149] and in part discussed in this review. In
the first scenario, individuals with COVID-19 and no co-infection or other underlying disease may
experience a differential disease expression from mild to severe based on the SP-A1/SP-A2 genotype. In
the second scenario with a co-infecting pathogen, the SP-A genotype may provide a differential host
defense against the co-pathogen and an overall differential outcome on COVID-19 patients. In the third
scenario patients with underlying disease may experience alterations/dysregulation in inflammatory
processes and oxidant levels in the lung. These changes in the lung microenvironment may differentially
affect SP-A variant oxidation and thus lung function. In this case the clinical outcome in COVID-19
may vary in ways difficult to predict.

5. Conclusions

The available literature indicates that redox imbalance, lung inflammation, CVDs, aging, and
other may contribute to immune dysfunction and the risk of respiratory viral infections, such as
SARS-CoV-2. The coordinated managing of a healthy lifestyle status based on pillars such as balanced
diet, antioxidant intake, exercise and fasting may be promising ways to attenuate the dire outcomes of
this crisis, as these may better position individuals to face ongoing and subsequent waves of COVID-19.
Moreover, a healthy lifestyle promoting redox balance may also ensure a better functioning of the innate
immune molecule, SP-A, as oxidation of SP-A changes its functional and biochemical properties [111],
including its ability to interact with the macrophage [156]. Moreover, Oz-induced oxidative stress
negatively affects macrophage function [157] and regulation [158], either directly or indirectly (via
SP-A oxidation) [158]. Because certain plant polyphenols protect SP-A from oxidation [159] and
supplementation of antioxidants present in plant foods protect lung function from the ozone-induced
negative effects [160,161], it is likely that antioxidant regimens including lifestyle changes, as discussed
above, could lead to a well-functioning innate immunity/host defense and consequently better lung
health in response to various insults, including COVID-19 infection.
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Abbreviations

WHO World Health Organization

ROS Reactive Oxygen Species

0,°~ superoxide anion

H,O, hydrogen peroxide

HO*® hydroxyl radical

CAT catalase

SOD superoxide dismutase

Trx thioredoxin

GPx glutathione peroxidase

GR glutathione reductase

O, molecular oxygen

ACE2 Angiotensin-converting enzyme 2
AT-II Angiotensin 2

AT-1,7 Angiotensin 1,7

NADPH Nicotinamide adenine dinucleotide phosphate
oxidase oxidase

SARS-CoV  Severe acute respiratory syndrome coronavirus
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
GSH reduced Glutathione

GSSG Oxidized Glutathione

H,O, hydrogen peroxide

NO Nitric Oxide

PMNs Polymorphonuclear cells

IL-6 Interleukin 6

ICU intensive care unit

COVID-19  Coronavirus disease 2019

COPD Chronic obstructive pulmonary disease
BMI Body mass index

CVD cardiovascular disease

G6PD Glucose-6-phosphate dehydrogenase deficiency
ECD endothelial cell dysfunction

NAC N-acetylcysteine

Nrf2 nuclear factor erythroid 2-related factor 2
KEAP1 Kelch-like ECH-associated protein 1
ARE Antioxidant response element

ecSOD Extracellular superoxide dismutase
TBARS Thiobarbituric acid reactive substances
MDA Malondialdehyde

mTOR mammalian target of rapamycin
NF-«B Nuclear factor-«B

AMPK AMP-activated protein kinase

SIRT Sirtuins

FoxO Forkhead box O

BDNF Brain-derived neurotrophic factor
TNFo Tumor necrosis factor alpha

C-RP c-reactive protein

SP-A surfactant protein-A

SP-Al surfactant protein-Al

SP-A2 surfactant protein-A2

OxS oxidative stress

RSV respiratory syncytial virus
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