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Introduction:

ARDS is a complex syndrome which can be initiated and prorogated by a diverse array of
precipitating factors with variable phenotypes. A multitude of mechanisms are involved in
the pathogenesis of ARDS, and each mechanism or set of mechanisms applies primarily to a
specified ARDS subgroup. The definition and phenotyping of ARDS is still imprecise.The
ARDS phenotype is likely to be a result of multiple independent or interactive mechanisms.
There is complex interplay of various cytokine, humoral and complement cascade. This
advantage in defining/diagnosing ARDS is also a disadvantage in terms of individual
pathophysiology and treatment. The application of bioinformatics enables us to understand
ARDS better. One specific pathological finding of ARDS is diffuse alveolar damage. In 2012,
in an effort to increase diagnostic specificity, a revised definition of ARDS was published in
JAMA. However, no new parameters or biomarkers were adopted by the revised definition.
The genetic and biomarker approach to ARDS in clinical setting is still in an early stage. The
bioinformatics need help characterize and risk stratify the patients. We get clinical
information including symptoms, physical signs, medical history, lung function or images
from the patients. On the other hand, we draw bioinformation from their blood, BALF or
tissue. Then, clinical information and bioinformation should be validated and complemented
with each other in order to detect effective and powerful biomarkers.

Utility of biomarkers and genetic determinants in ARDS:
For an intensivist in ICU, the pertinent concerns regarding bioinformatics in ARDS are

» Can a genetic marker/biomarker identify patients susceptible to ARDS

» Risk stratification

» Holy grail for diagnosis

» Response to therapy

» Individualized therapies

» “Pharmacogenomics” referred to the application of whole-genome scanning for the
discovery of new drug targets

» “Theragnostic study” referred to biomarker level guided interventional studies

e Prognsotication

 Disease course

» Potential new insight into physipathogenesis and therapy

» Newer therapeutic targets
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Figure 1. The optimum pattern of clinical bioinformatics in ALI/ARDS.
Genetic markers:

In ARDS multiple biologically plausible candidate genes have been identified. However,
ARDS can not be explained with single gene alterations alone. The basic assumption
remains that all diseases have an underlying genetic contribution. The major difference
among diseases with regard to genetic contribution is the overall percent of this
contribution, the number of genes that make this contribution, and whether and how the
contributing genes interact. ARDS genetics has multigenic/multifactorial etiology and it
increases in magnitude as the number of contributing genetic factors increases and the
percent of genetic contribution decreases. Moreover, gene interactions may lead to
synergistic or epistatic effects, and these may yet add another layer of complexity in the
study of disease pathogenesis. Furthermore, the overall genetic contribution may be
subgroup and/or disease stage dependent, where a greater number of genes and
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environmental factors play a role in at risk and mild phenotype of disease, whereas more
severe phenotypes may be due to a prominent genetic contribution of fewer genes.

Accurate definition of phenotype is quintessential to genetic studies. ARDS like most other
critical illness remains a very heterogeneous syndrome. Different sets of genetic markers
may underlie susceptibility to ARDS due to infections or trauma.

Candidate genetic markers:

It seems likely that there are genetic determinants that increase an individual’s risk of
developing ALI/ARDS, since only a small proportion of the patients who are exposed to
typical insults actually develop ALI/ARDS. There are several publications reviewed the
application of genomics in the study of ALI. In 2002, Marshall and his colleagues provide the
first evidence of a genetic influence in ARDS, suggesting an important role for angiotensin
converting enzyme (ACE).Insertion-deletion polymorphisms associated with the angiotensin
converting enzyme (ACE) gene have also been suggested as a possible risk factor for
ALI/ARDS. Studies that link mutations in the surfactant protein B (SP-B) gene to an
increased risk of ALI/ARDS support this notion. Gong, et al demonstrated that -308GA
promoter polymorphism in the TNF-a gene was associated.

with the mortality of ARDS. SNPs of 43 Toll like receptor-related genes were identified and
one of these genes was demonstrated to be associated with susceptibility to organ
dysfunction and death in patients with sepsis.
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Table 1.Genomics application in ARDS
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Figure 2. The potential mechanisms of these identified genes or proteins in the process of
ALI/ARDS.

Biomarkers:

In parallel with progress in the understanding of ARDS pathophysiology, several molecules
have been shown to be candidate biomarkers of this disease, with the clinical usefulness of
some being confirmed by large-scale or multicenter studies. However, none of these
candidates have been clinically applied for diagnosis or prediction of disease severity,
response to therapy, and prognosis in patients with ARDS. Future progress, along with a
search for new biomarker candidates, need to determine the potential application(s) of each
candidate will be discussed here. This will lead to improved diagnosis and treatment
strategies for patients with ARDS.

Potential Biomarkers:
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Various humoral factors induced by inflammation and molecules derived from activated cells
or injured tissues have been shown as potential biomarkers that may be applied in clinical
practice. The following classification explains the potential biomarkers.

The innate immune system and inflammation

The pathogenic role of neutrophil mediated acute inflammation in ARDS development is well
researched. Numerous proinflammatory cytokines play major roles in acute inflammation
and the development of inflammatory lung diseases, including ARDS. Among these, tumor
necrosis factor alpha (TNF a) and interleukin 1beta (IL-1p)

can induce ALI when administered to animals, and their levels are also elevated in the lungs
of ARDS patients. Recently, pattern recognition receptors (PRRs) were demonstrated to play
a key role in innate immunity. PRRs are cell-surface or cytosolic proteins expressed by
innate immune cells, and each is activated by a specific molecule

(s). PRR ligands are divided into two categories, namely, pathogen-associated molecular
patterns (PAMPs) and damage (danger)-associated molecular patterns (DAMPs).

Humoral factors as biomarkers of ARDS
Many humoral factors have been identified as candidate biomarkers of ARDS.

Among the proinflammatory cytokines, TNFaq, IL-1f, interleukin 6 (IL-6), and IL-8 are
elevated in the bronchoalveolar lavage fluid (BALF) of ARDS patients, and higher

levels correlated with outcome. Several growth factors have been determined to be

candidate biomarkers of ARDS. In this regard, the lung levels of vascular endothelial growth
factor (VEGF) and keratinocyte growth factor (KGF) are noteworthy.Ang-2, a competitor of
Ang-1 and a regulator of vascular permeability could predict

the prognosis of ARDS. Leptin induced the expression of transforming growth factor beta

(TGF-B) and the production of collagen types I and II in the presence of TGF-, and leptin-
deficient mice were resistant to the development of ALI.

Regulation of vascular permeability

The dysregulation of vascular permeability leads to a change in vascular permeability;
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therefore, these factors may represent potential biomarkers for ARDS.
Substances derived from activated cells or injured tissues

Pathogenic role of HMGBI1 in ARDS, it was shown to be a candidate biomarker of ARDS,
along with soluble RAGE. Excessive formation and ineffective clearance of neutrophil
extracellular trap in alveolar space would be responsible in pathogenesis of ARDS. Among
endothelial cell-derived molecules, plasma levels of soluble P-selectin and soluble
intercellular adhesion molecule (sICAM-1) were reported as candidate biomarkers.

Currently available biomarkers in clinical practice

Differentiating similar diseases or conditions from ARDS remains to be a matter of great
importance. Currently,only a few biomarkers are clinically available for this purpose. For
example, brain natriuretic peptide (BNP) is often used for differentiation between ARDS and
hydrostatic pulmonary edema. Procalcitonin is increased in bacterial infection, but not in
viral or fungal infection; it may be useful for discriminating between bacterial pneumonia
and ARDS. However, no ARDS-specific biomarkers are currently available commercially.
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Name Change inm ARDS Chinical prediction
Humoral mediators

Cytokines, growth factons

THFa BALFt Poor outcome
L-1p BALFT Paor autcome
L-2 Bloodt Development
L4 Blood? Development
L6 Bloodt, BALFT Poor autcome
L-& Blacdt, BALFt Dewelopinent and sovedity [BALF), poor outoom:
L-18 Bloodt Poor ouicome
VEGF ELF} Better outcome
KiGF BALFT Poor autcome
GDF15 Bloodt Poar outcome
Ang-2 Bioodt Dievelopment, poor cuttome
heutrophll elagase Bloodt Development and sewventy
Lepin BALFT Poor autcome
Conacpu latican b nabysis factors
FAl-1 Bloodt Poor aucome
Thrombomiodudin Bloodt Poor outcome
wan Willsbrand factor Bloodt Development
Pratein C Binod] Poor outoome
Substances ndeased fron injuned or acthvared dssues
O pPs.
HIACE-1 Blaodt Poor aumcome
k] BALFt Poor outcome
Endothelial ok
Solubke Pelactin Biood? Poor autcome
Soluble ICAM-1 Bioodt Poor oucome
Epithelial colk
Soluble RAGE Bloodt Poxtof auteonme
SpE Bloodt Drevelopnient
5P-D Bloodt Poor gurcome
CC-16 Bioodt Poor owtcome
Laminin y2 ELFT Poor outoome
KL-6 Bloodt, BALFt Poor autcome

BALF bronchoatveolar Livage flud ELF epithalial lining Fuld, ™Fg tumer necrosls factor alpha £ interkeulin, VEGF vascular endothellal growth factor, KGF
kevatinacyte growth factor, GOF-15 growth differentiaion lactor-15, Ang-2 sngiopoietin2, PA-! plasminogen activatos imhibitor 1, DAMPs damacge [dancger)-a sociated
molecuar pattems, HMGE- T high-mobility group beeee 1, iCAM-1 interceliular adhesion molecule 1, RAGE receptor for advanced glyation end pecduces, S suriboant
prabeln, CC- 16 Clara cell speciic proten 14, K-8 Knebs von den Lungen-8,
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Table 2.Potential Biomarkers in ARDS

Conclusion:

The importance of biomarkers is underscored by the fact that they can also be utilized to
predict response to therapy and prognosis. The genetic and proteomic approach to study
ALI/ARDS in clinical setting is still in an early stage, while some important data have been
generated. There is a great need of further exploratory studies to better understand the
molecular mechanisms and pathophysiology of ALI/ARDS.
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