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ABSTRACT

The acute respiratory distress syndrome (ARDS) is one of the major heterogeneous clinical
manifestations of severe respiratory failure developing in response to pathogenetic
mechanisms and several inflammatory insults. The translocation of gut microbiota has a
crucial impact on the pathogenesis of ARDS. Hence, a deeper understanding of the interplay
of the gut microbiota would allow shedding valuable insights into both the pathogenesis of
ARDS and the development of effective therapeutic interventions. Moreover, the modulation
of gut-lung axis could also play a pivotal role in minimizing the lung dysbiosis with gut
microbiota. There is little question that greater study of the gut-lung axis in critically ill
patients is required to establish causal links between the shifted microbiota, infections,
inflammation, and acute lung damage. It is worth mentioning that the lack of effective
preventative measures is one of the main reasons for the increased mortality rate of 30-40% in
ARDS patients. Some antibiotics and nanosized drugs showed positive results in ARDS
management to some extent in pre-clinical or even first stages of clinical trials but large-scale
results had been controversial. However, sphingosine-1-phosphate (S1P) showed hopeful
results in ARDS patients by facilitating both systemic and endothelial integrity. Numerous
investigations have shown the immunological connection between the gastrointestinal tract
and the respiratory system. As the SphKs /S1P /S1PL metabolic pathway is associated with a
wide variety of human illnesses (including respiratory diseases), it should come as no surprise
that influencing intracellular S1P levels would have therapeutic promise in reducing the
severity of lung diseases like ARDS.

INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a type of pulmonary oedema which is
non-cardiogenic and caused by an alveolar injury that is secondary to inflammatory
processes which could either be systemic or pulmonary in origin [1]. Considering from
a microscopic level, ARDS is correlated with diffuse alveolar damage and capillary
endothelial injury [2]. Unfortunately, the syndrome remains extremely prevalent, and
more than 100,000 patients are affected every year in the United States and only 34% of
them are discharged home after surviving [3].

In terms of the development of ARDS, several pathophysiologic derangements are
involved including increased epithelial and endothelial permeabilities as well as
dysregulated inflammation [4]. The presence of gut microbiota plays a vital role in the
pathogenesis of ARDS and Enterobacteriaceae as well as Bacteroidetes seem to be in a
substantial number [5]. Studies have shown the translocation and enrichment of gut-
microbiota in the lung of 91 ARDS patients on ventilator [6]. Furthermore, lung
dysbiosis with gut microbiota could be responsible for immunosuppression and lung
dysfunction leading to ventilator-associated pneumonia [7]. It is worth mentioning that
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the gut microbiota plays a major role by serving as a critical marker of ARDS
pathogenesis [8].

High-throughput analysis of microbial 16S ribosomal RNA genes has shown the
presence of microorganisms in lung tissue, challenging the long-held notion that the
lungs are germ-free [9]. Similarly, to the gut microbiome, the lung microbiome is
thought to have a role in host immunity via immunological priming, and an
unbalanced environment in the lungs may increase the risk of developing respiratory
illness [10, 11]. The immunological connection between the digestive tract and the
lungs has been the subject of an increasing number of investigations [12, 13]. Many
studies have looked at how gut microbiota might affect lung immunity, and some have
shown a correlation between gut microbiome shifts and lung immunity [14, 15].

Despite the fact that numerous potential risk factors for ARDS are known, the condition
cannot be reduced via preventative measures [2]. Moreover, the majority of the
extensive phase 2 and 3 trials of therapeutic approaches in ARDS have failed to
establish effectiveness, despite promising preclinical and early clinical results [1].
Disease-specific interventions are carried out in managing ARDS [16] and positive
outcomes had been reported with the administration of different antibiotics. It includes
but is not limited to ceftazidime [17], levofloxacin [18], colistin [19], vancomycin [20]
and tobramycin [21]. The development and administration of nanosized drugs in ARDS
management are also focused on due to positive pre-clinical results; nevertheless,
several issues are yet to be addressed before clinical translation [22].

Sphingosine-1-phosphate (S1P) showed promising outcomes in ARDS patients. They
mainly target the molecules stabilizing epithelial and endothelial cell-cell junctions,
given the central role of epithelial and endothelial permeabilities in the pathogenesis of
ARDS [4]. SIP is a lipid and G protein-coupled receptors on the endothelial cells
mediating the integrity of the endothelial barrier [23]. Moreover, sphingosine-1-
Phosphate facilitates both systemic and endothelial integrity as per different in vivo
and in vitro models [24]. In addition to providing insight into the processes behind
endothelium and epithelial permeabilities, researching proteins that assist maintain the
endothelial and epithelial barriers offers therapeutic promise.

TRANSLOCATION OF GUT MICROBIOTA

Even though the presence of bacteria in alveoli is quite low in numbers, however, they
play a vital role in maintaining immune homeostasis in the lung [25]. The typical
bacterial variability of the lung microbiome is severely disturbed in critically sick
patients, leading to the replacement of commensals by pathogens mostly coming from
the skin and gut [26]. The translocation of the microbiome is highly interconnected with
the elevated markers of lung injury and adverse inflammation [27].

In both infective and non-infective chronic pulmonary diseases, the composition of
lung microbiota had been scrutinized [28]. In acute pulmonary diseases like ARDS, the
presence of gut microbiota is elevated in the lung at the presence of Enterobacteriaceae
and Bacteroidetes which refers to the phenomenon called ‘more gut in the lung’ [5]. The
gut is susceptible to hyper-permeability in acute situations where the translocation of
bacteria through the colon walls reaches the lung causing lung inflammation, infection
and acute pulmonary damage [29]. The elevated permeability of the gut is also
associated with an elevated alveolar-capillary hyper-permeability [6].

The patients requiring invasive mechanical ventilation because of respiratory failure
seem to have the pathogenic inoculum originating from the oral flora, and their
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composition is gradually changed during ICU stay [30]. Hosts with increased
susceptibility could end up in developing respiratory infection because of the ceaseless
micro-aspiration of potential pathogens [31]. Research on ARDS has shown that,
specific gut microbe has the ability in markedly translocating across the bowel wall and
entering the lungs [6].

Increased alveolar and gut permeability are believed to facilitate the entry of pathogens
to lungs [32]. Even though the complicated interconnectedness between the lung and
gut microbiota are not properly understood, studies have indicated that the unsettled
lung-gut axis could have a major impact on the pathogenesis of pulmonary
impediment especially among the patients who are critically ill [33, 34].

A substantial change has been observed in the lung microbiome among patients who
are critically ill [35]. Moreover, a decreased bacterial activity as well as a single
population could be seen among the patients receiving mechanical ventilation
alongside an increased presence of opportunistic pathogens that have the potential of
becoming dormant [36] Many risk factors for ARDS contribute to this microbial
dysbiosis by altering the metabolic (nutrient presence) and physiochemical (free
radicals, pH, oxygen tension) environments of the alveoli [37].

One research study has shown that due to the pathogenic links between the lung and
gut of critically ill patients, the lung microbiome could be altered [38]. Even though
there has been a definite lack of data, researchers’ have proposed that the bacterial
migration route could be responsible for systemic circulation or gut draining
lymphatics [39]. Thus, it is important to determine whether the pathogens that are
present in the lung of the patients, especially the ones susceptible to ARDS, could have
a negative impact on them [38].

Though intestinal microflora is not susceptible to change in healthy individuals, specific
health conditions could have the ability to create an imbalance in gut microflora
including cancer [40] diabetes [41] as well as patients with obesity [42]. The intestinal
barrier is one of the main reasons for both the translocation of bacteria and endotoxin
resulting in sepsis that causes lung injury [43], which is one of the major initiating
factors of ARDS [43]. However, the process by which the intestine alters the microflora
and mucosal barrier during ARDS is not well comprehended [43]. In a Rat ARDS model,
a close relationship was observed between ARDS and microflora where ARDS was
induced due to the activation of the systemic inflammatory response, hypoxemia,
damage by free radicals, injury to inflammatory mediators, immune irritation and
destruction of intestinal mucosa barrier that eventually changed the intestinal
environment [43]. There is a strong correlation between the severity of ARDS and
systemic inflammatory reactions [44]. Additionally, patients with systemic
inflammatory response syndrome have shown lower numbers of Lactobacillus and
Bifidobacterium with a higher number of Pseudomonas and Staphylococcus [36].

ROLE OF GUT MICROBIOTA AND LUNGS IN HEALTH AND ARDS

Both the gut and the lung have many common characteristics, and the way in which
these organs communicate with one another is influenced by both internal and external
factors [45]. The composition of the gut microbiota determines whether or not the host
will be healthy and able to fight off infections. Emerging research suggests the gut
microbiota may influence pulmonary health and illness through cross talk with the
lungs [45]. Various kinds of microbiota populate the lungs after being exposed to
environmental stimuli and communication between the microbiota in the gut and those
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in the lungs could play a significant role in the development of some chronic lung
disorders [46]. It is worth mentioning that modulation of the lung microbiota relies on
both local inter-kingdom interaction and on crosstalk between the gut and lung [47].

As the field of microbiology has progressed, more and more data has surfaced
suggesting that the gut microbiota may be of great importance in maintaining host
health by strengthening defenses against enteral pathogens and maintaining
immunological homeostasis [48]. Alterations in immunological responses and
respiratory homeostasis have been linked to changes in the composition of the gut
microbiota [49]. Some epidemiological and experimental research has shed light on the
importance of cross talk between gut microbiota and lungs, a relationship coined the
"gut-lung axis," although the mechanisms and pathways underlying this relationship
remain unclear [46].

Recent research on sepsis and ARDS suggests that gut-associated bacteria may colonize
the lungs [5]. It has been hypothesized that, under these circumstances, bacteria from
the digestive tract would be able to translocate into the pulmonary circulation and this
process is facilitated by increased gut and alveolo-capillary permeability [5].

Normal Oral 0 0 .. Oral
Microbiome .. o Dysbiosis

Normal
Lung /
Microbiome |/

Pulmonary
Dysbiosis

- Gut
- Microbiome

| Normal I

Figure 1. Role of pulmonary microbiota in both health and critical illness.

Figure 1 depicts that microbiomes found in a healthy person's lungs and intestines are
quite distinct. Lung microbiome composition is quite similar to that of the oropharynx.
Lung microbiome could get saturated with gut-associated microorganisms in severely
sick individuals with sepsis, severe trauma, or ARDS. The aspiration and translocation
of the potential pathogens from the gastrointestinal tract could give rise to infection in
the lungs. As a consequence, dysbiosis is fostered, which in turn encourages
inflammation and severe lung damage [5].

In critically sick ARDS patients, there may be pathogenic linkages between the gut and
the lungs, and recent research shows that these interactions may affect the lung
microbiome as well [33, 38]. A culture-dependent 16s rRNA gene sequencing method
was used by Dickson and colleagues, and it was discovered that the lung Microbiota in
sepsis mouse model and the patients with established ARDS became populated with
gut bacteria where Bacteroides had been dominating in both the settings [50].
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PATHOGENICITY OF ARDS RELATED TO GUT MICROBIOTA

There has been a lot of research done on how the gut microbiota influences the immune
system [51]. In a nutshell, the gut microbiota uses both pro-inflammatory and
regulatory signals to engage extensively with the mucosal immune system [52]. The
capacity of neutrophils to extravasate from the blood is likewise affected by this [53]. It
is now understood that gut microbiota has far-reaching immunological effects,
particularly on the pulmonary immune system, beyond the local immune control by the
site-specific bacteria [54]. Translocation of complete bacteria, their pieces, or
metabolites past the intestinal barrier, into the systemic circulation, and modulating the
lung immune response is possible through the mesenteric lymphatic system, a critical
link between the lungs and the gut [55, 56, 57]. The gut-lung axis is an ultimate outcome
of the intricate interactions between the microbes that make up the gut and lung
microbiotas, as well as the local and systemic immunological responses that come from
these interactions [47]. According to recent research using a mouse model, all these
interactions clearly point to the gut-lung axis playing a significant role in respiratory
illnesses [58].

Microbes from the gastrointestinal tract are abundant in the lower respiratory tract in
ARDS patients with sepsis [50], indicating connections between the lower respiratory
tract and gastrointestinal tract [59]. In the BAL samples of sepsis and ARDS patients, a
major alteration of lung microbiota was seen where the enrichment of gut-specific
microbes was confirmed correlating with alveolar tumor necrosis factors-a that
provides proof of the translocation of gut and lung microbiota in critically ill patients
[60]. Moreover, another study confirmed that the enrichment of Enterobacteriaceae and
smoking-related taxa like Prevotella and Fusobacterium was seen in critically sick
individuals who developed ARDS [33]. Consistently, a study by Kyo and colleagues
has found that the presence of Staphylococcus, Streptococcus, and Enterobacteriaceae in
BAL samples from 47 mechanically ventilated patients with or without ARDS was
strongly linked with serum IL-6 and mortality [59].

Both in the preclinical models of established ARDS and sepsis, the lung microbiota had
a major impact in the pathogenesis of the disease [61]. Furthermore, in a recent
study, an oral commensal called Mycoplasma salivarium was enriched in lower airway of
COVID-19 patients and it was shown to be associated with worse clinical outcomes
especially for the ones who were undergoing mechanical ventilation [62]. Additionally,
recent research with over 300 patients on mechanical ventilation showed that
Staphylococcus or Pseudomonadaceae enrichment of the lower airways had been related to
higher lower airway inflammation as well as diminished clinical outcomes that
includes longer time require to liberate from mechanical ventilation and poorer 30-day
survival [63]. Collectively, these results implicate microbial dysbiosis as a potential
mediator of the observed association between dysregulated local and systemic
inflammation and worse clinical outcomes in acute respiratory failure [61].

MODULATION OF GUT-LUNG AXIS: POTENTIAL TREATMENT TARGET FOR
ARDS

The gut-lung axis immunological responses are especially dependent on the diversity
and stability of the gut microbiota [64]. The regulated correlation between the antigens
and metabolites of symbiotic microbiota with the host is of great importance as it
activates the pattern recognition receptors, metabolic sensor receptors including G-
protein coupled receptors as well as the sufficient production of inflammatory
mediators; all these are necessary for the migration, activation and proliferation of both
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the innate and adaptive immune cells as they produce pro inflammatory cytokines,
anti-inflammatory cytokines, antimicrobial peptides and immunoglobulins as well [65].
Through the circulatory and lymphatic systems, these cells and chemicals may go back
and forth between the lungs and the intestinal tract, where they help control
immunological and inflammatory responses [66].

Lung disorders caused by bacteria have a promising new treatment option which is the
modification of the gut microbiota, mostly using probiotics [64]. Lung modifications
draw attention to probiotic species from the Lactobacillus genus, despite the well-
documented fact that various probiotic species and strains function differently
depending on their metabolic pathways as well as interactions with the host [64]. A
major positive activity of lung macrophages, less tissue inflammation and diminished
lung bacterial load was associated with the increased level of IL-4, IL-10, enhanced
production of IgG and IgA, increased frequency of T-reg cells, decreased TNF-a and IL-
6 levels [64]. It highly states a significant resolving anti-inflammatory profile after the
modulation of the intestinal microbiota of the host.

It is worth mentioning that the microbiome of the respiratory tract is dynamic and
constantly changing. Microbial immigration via inhalation and micro aspiration as well
as microbial removal through coughing, mucociliary transport, and immunological
responses are the main processes that govern the balance of the microbiota [61].
Researchers hypothesize that eubiosis in the lower respiratory tract may be influenced
by variables like as vaginal delivery [67], physical activity, and a balanced diet, whereas
obesity, a sedentary lifestyle, and frequent consumption of antibiotics may have a
negative effect on the microbiome of the lower airway.

CURRENT THERAPEUTIC OPTIONS

Several pharmacologic therapies have been assessed in both the second and third
phases of clinical trials in treating ARDS [68]. With support from the National Heart,
Lung and Blood Institute, clinical trials were carried out in exploring the effects of
inhaled nitric oxide [69], and glucocorticoids [70], with a view to minimizing the
negative impact of lung injury and enhancing supportive care which would ensure
more days without the usage of ventilator [68, 71]. That being said, patients affected
with ARDS might need mechanical ventilation though it could damage the lungs
leading to the progression of a more severe form of ARDS called ventilator-associated
lung injury (VALI) [72].

Thus, there had been a major focus on the development of nanosized drug delivery
system targeting the lung in exploiting the distinct features of inflammatory
microenvironments like elevated temperature, low pH conditions and particular
enzyme-rich environment [73]. Even though some positive and promising results have
been obtained from pre-clinical studies, before clinical translation, nanoparticles pose
great barriers that are required to be taken into account [74]. They are mostly associated
with nanoparticle engineering challenges, biological challenges, regulatory challenges
and process challenges [75]. In any case, it's important to note that the advancement of
nanotechnology has opened up new possibilities for the creation of novel and effective
therapeutic intervention in treating ARDS, with the potential to utilize targeting mainly
the macrophage-specific inflammatory pathways, while delivering diagnostic cargo to
the activated macrophages [75]. Some of the major nano-systems that are used in pre-
clinical stage include GNPs [76], nano emulsion [77], lipid-core nano capsules [78],
unilamellar liposomes [79], cerium oxide NPs [80], mannan-coated liposomes [81] and
PLGA-NPs [82] as well. The findings from large scale clinical studies could be beneficial
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in facilitating future research on the effective application of nanomedicine in
addressing ARDS [75].

However, disease specific and complication-specific therapy is the mainstay of ARDS
management, after accurate diagnosis of the underlying condition [16]. Thus, positive
health outcomes could be achieved in ARDS patients with the usage of appropriate
source control and antibiotics [83]. It might include Imipenem [84], Vancomycin [85],
and Fosfomycin [86] as well. Like being said earlier, one of the most used drugs in
treating ARDS 1is glucocorticoids as it improves both the airway pressure and
oxygenation [16].

ROLE OF SPHINGOSINE-1-PHOSPHATE IN REDUCING MORTALITY IN ARDS

Sphingolipids play a vital role in a wide range of pulmonary disorders including acute
lung injury (ALI) and ARDS [87]. They are one of the essential constituents of plasma
membranes regulating some pathophysiological cellular responses inducing mast cell
activation, apoptosis and cell survival, airway smooth muscle function and vascular
permeability [88].

A protective effect is exerted by SIP against ALI [87]. SIP is considered a major
angiogenic factor that helps preserve the barrier function and endothelial integrity of
human lungs [89] as it prevents the alveolar flooding that has been demonstrated in
ARDS animal models. S1P is mainly a bioactive sphingolipid acting both intracellularly
and extracellularly (through S1P1-5; its G protein-coupled receptors) as shown in
Figure 2.

However, it is worth mentioning that Sphingosine kinases 1 and 2 phosphorylate the
sphingosine that generates the intracellular S1P [90]. It can also act as an intracellular
messenger in the cell or the S1P transporters spinster homologue 2 (Spns2) can assist
them in transporting outside of the cells [91]. The extracellular S1P can bind to the
receptors coupled with five G-proteins and activate the signaling pathways that are
associated with the cell proliferation, survival, migration and vascular integrity [92, 93].

The vascular barrier function is enhanced by S1P by a number of cellular events that are
initiated by the activation of the G-protein coupled receptor- S1P1, as well as the
downstream activation of Racl and Rho (intracellular signals), eventually resulting in
endothelial cytoskeletal reorganization in forming stronger cortical rings of actin in the
periphery of the cells that help to prevent the excessive and abnormal vascular
permeability [94]. The vascular permeability is reduced by stimulating the S1P-SIP1
axis, which is proven to add great value in treating ARDS [87]. Alongside S1Ps, the S1P
analogs (ftysiponate and FTY720) have demonstrated their efficacy being protective
components in reducing lung oedema formation, attenuating parenchymal
accumulation of some inflammatory cells which have the ability in limiting the
progression of ARDS [95].

The role of S1P as one of the major regulators of endothelial barrier function is highly
associated with the signaling via S1P:1 and S1P.. It is important in activating the
downstream Rho GTPases while rearranging the cytoskeleton as well [96]. The lung
vascular permeability and inflammation caused by LPS have been found to be
decreased in mouse models after intravenous infusion of S1P [97]. In most cases,
researchers believe that ligation to S1P1 is responsible for S1P's barrier-enhancing
actions that allows initiating a wide range of downstream signaling cascade such as
cortactin translocation, Rac activation as well as rearranging the focal adherent’s
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junction proteins that culminate in increased lung endothelium cells barrier function
[98, 99, 24].

Since S1P plays a barrier-protective function in ARDS, there has been progress in the
development and application of SIPR (SIP receptor) agonists [100]. In HUVECs
(human umbilical vein ECs), experiments show that FTY720 improves endothelial
barrier function at low doses but disrupts the barrier and induces apoptosis at higher
doses. The results of a mouse model of lung injury subjected to mechanical ventilation
were similar [101]. Such a complex action of FTY720 in ECs is mainly because of the
phosphorylation to FIY720-P by either SphK1 or SphK2 (two known isoenzymes in
mammals [102] as they enhance the affinity for the S1PRs [103, 104]. Targeting S1PL
(sphingosine-1-phosphate lyase) by using siRNA in HLMVECs (human lung
microvascular endothelial cells) challenged with LPS, paralleled with murine studies
pointed out declined secretion of IL-6, barrier disruption focusing that targeting S1IPL
might be a most important therapeutic option [105]. It is also worth mentioning that the
recent discovery of innovative and more specialized pharmacological treatments in this
field including ASMase inhibitors [106], SIP1 agonists [107], or SphK1 inhibitors [108],
is reflective of the growing role of sphingolipids in respiratory illnesses.

Various ligands

Angiogenesis

'
WVascular permeability

Metabalic functions

Intracellular targets

=
I

Figure 2. SIP signaling. In the cytoplasm and nucleus, both SphK1 and SphK2 are activated by different
ligands which leads to the production of S1P. The dephosphorylation of SIP is carried out by phosphatases
generates sphingosine or it can be cleaved irreversibly into ethanolamine and hexadecenal phosphate by S1P
lyase as well. S1P interacts to one of the five G-protein-coupled receptors (51PR1-5) on cell membranes before
being taken out of the cell by ABC transporters or Spns2. It activates a wide range of downstream signaling
pathways.

FUTURE PROSPECTS

The first description of ARDS was given by Ashbaugh and colleagues in 1967 [109].
Since then, numerous pharmacological interventions have targeted the principal
pathophysiological mechanism of ARDS in clinical trials and almost all of them had
shown negative results in terms of improving the patient outcome; nonetheless, the
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findings were promising in animal models [110]. It is worth mentioning that both
antibiotics and nanosized drugs have been used in ARDS, but they did not bring
substantial positive results on the patient outcome in terms of lowering morbidity and
mortality in large trials [111], being controversial to be administered. Thus, the
researchers have been investigating the pathogenesis of ARDS in order to get more
insight as it is essential to understand both the causes and mechanisms of ARDS for
effective new treatment development [112].

The study presented a greater insight into the pathogenesis of ARDS by shedding light
on the details of the translocation of gut microbiota in the lung of ARDS patients. Such
a phenomenon is crucial as a more detailed understanding is obtained regarding the
role of gut microbiota is one of the most important and critical markers in the
pathogenesis of ARDS [8]. The study would enable researchers to assess lung injury
and adverse inflammation due to the translocation of gut microbiota [27]. Moreover, a
clear understanding of the initiating factor of ARDS could also be obtained. These
factors would play a vital role in the pharmacologic development in managing and
reducing the death rate of ARDS.

Inflammatory cytokines and biomarkers of the injury of the cell happen to differ by
ARDS clinical risk, proposing that the pathophysiology might vary by the associated
clinical risk factors [113, 114]. In terms of clinical trials, most of the trials had recruited a
heterogeneous cohort of ARDS patients while not taking into account the etiology [111].
It could be one of the reasons for the negative outcome of the pharmacological
interventions. In order to do so, developing an understanding of the underlying
mechanisms and pathogenesis of ARDS would be required which has been the focus of
the study. Moreover, the timely detection of gut microbiota in ARDS could improve
patient outcomes [5]. The study indicates that further investigation would be required
regarding the process of bacterial translocation to the lung during ARDS as timely and
precise bacterial identification and characterization could be helpful in administering
the appropriate therapeutic intervention to manage the complication. The testing of
new therapies to suppress this potentially crucial pathogenic process may need the
usage of radio-imaging tools to observe bacterial translocation to the lung [115].

Major difficulties arise in the development of effective treatment strategies due to the
interconnected nature of dysbiosis, inflammation, infections, and tissue damage that
defines the disorder [38]. Thus, the most effective therapeutic interventions are
administered. The study shows the positive role of SIP in the management of ARDS.
S1P had been able to demonstrate positive results by facilitating both systemic and
endothelial integrity in ARDS patients. They are also essential for preserving the barrier
function in human lungs acting both intracellularly and extracellularly [89]. A detailed
overview of this bioactive sphingolipid would enable researchers to dive deeper into
the processes behind endothelial and epithelial permeabilities for offering the
development of novel and effective therapeutic interventions in ARDS management.
With more research on ARDS, it would be possible to develop a promising treatment
for ARDS while unveiling the undiscovered and unexplored pathogenesis of ARDS.

CONCLUSION

ARDS has been one of the major concerns for both researchers and clinicians over the
last 50 years even though promising pre-clinical data on therapeutic interventions are
being obtained. But the data seem to have failed in demonstrating the efficacy in large
phase 2 and phase 3 studies. However, sphinsosine-1-Phosphate; being an angiogenic
factor, had shown some positive outcomes by preserving the barrier function of the
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human lung. On top of that, the association between gut microbiota in ARDS
pathogenesis could give researchers a broad overview in developing effective
therapeutics as the translation of gut microbiota plays a major role in the
pathophysiological changes in the lung and the development of ARDS. Thus, we
believe that a proper understanding of the lung microbiome, dysbiosis and
translocation of the gut microbiome to the lung might help in the prevention and
advancement of effective treatment of ARDS.
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