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Objective: To review the state of omics science specific to asthma and allergic
diseases and discuss the current and potential applicability of omics in clinical disease
prediction, treatment, and management

Data Sources: Studies and reviews focused on the use of omics technologies in
asthma and allergic disease research and clinical management were identified using
PubMed

Study Selections: Publications were included based on relevance, with emphasis
placed on the most recent findings

Results: Omics-based research is increasingly being used to differentiate asthma and
allergic disease subtypes, identify biomarkers and pathological mediators, predict
patient responsiveness to specific therapies, and monitor disease control. While most
studies have focused on genomics and transcriptomics approaches, increasing
attention is being placed on omics technologies that assess the effect of environmental
exposures on disease initiation and progression. Studies utilizing omics data to
identify biological targets and pathways involved in asthma and allergic disease
pathogenesis have primarily focused on a specific omics subtype, providing only a
partial view of the disease process.

Conclusions: While omics technologies have advanced our understanding of the
molecular mechanisms underlying asthma and allergic disease pathology, omics
testing for these diseases are not standard of care at this point. Several important
factors need to be addressed before these technologies can be effectively utilized in
clinical practice. Use of clinical decision support systems and integration of these
systems within electronic medical records will become increasingly important as omics technology becomes more widely
utilized in the clinical setting.
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Introduction

Most diseases are caused by a complex, multi-embination of genomic, biological,
and environmental factors, contributing to a higigree of variability in disease development,
natural history, and response to therépyDisease subtyping has emerged as a way of
identifying sub-populations of individuals with slar disease features for improved diagnosis
and treatment.* Traditionally, patients have been classified igtoups according to their
clinical characteristics (i.e., phenotypes). Hoarethese classifications do not provide insight
into the functional or pathobiological mechanisrhthe disease within the individual (i.e.,
endotype}. Omics is the comprehensive assessment of thecoletethat comprise a cell,
tissue, or organisrh.Integration of multi-omics data, such as genonpesteomics, and
metabolomics, along with clinical data allows fetter understanding of disease pathogenesis
and will be important for predicting, diagnosingdareating diseaseBigure 1)."®

Asthma and allergic diseases, including allerbinitis and atopic dermatitis, are
common diseases that often manifest early in lif gersist into adulthoot . The
pathophysiology and expression of these diseasdsfarenced by interactions between
susceptibility genes and exposure to environmdatabrs such as aeroallergens, secondhand
smoke, and infections. Isolated use of traditionatkers, such as lung function parameters and
skin-prick testing, and clinical symptoms to diagaspecific subtypes and manage asthma and
allergic diseases have been shown to be inadeduat® the heterogenous underlying
pathophysiology of disease phenotypesntegration of phenotyping and multi-omics
endotyping can help differentiate asthma and atietigease subtypes, identify biomarkers and
pathological mediators, predict patient respongsegerto specific therapies, and monitor disease

control® 1112
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We aim to briefly review the state of omics sciespecific to asthma and allergic
diseases and discuss the current and potentiatapity of omics in clinical disease prediction,
treatment, and management. Previous reviews lmewséd on omics as they relate to specific
allergic diseases, primarily asthm&>*’ Our review will be uniquely framed to focus onios
subtypes, referencing current applications of esutitype within the field of asthma and allergic
diseases, including research applications.

Applied Omicsin Asthma and Allergic Diseases
Genomics

Genomics is the study of variations in the deoxgmilicleic acid (DNA) and their
association with disease onset, severity, exaderhaesponse to therapeutic agents
(pharmacogenomics), or patient progno$iahle 1).° 8 A large portion of the susceptibility to
asthma and allergic diseases is attributed to gencontributions™> Many genes have been
identified as contributing to the development dhasa and allergic diseases, including the well-
replicated 17921 locus (associated with childhonseb wheeze) and filaggrifl(G) gene
(associated with atopic dermatitf$)!® However, these genes account for only a small
proportion of the disease heritability. The migderitability may be attributed to rare variants,
gene-gene, or gene-environment interactions. béckplication across studies and unknown
functional implications of genes implicated in asthand allergic disease pathogenesis have
hindered the use of genetic risk factors in préalictisease onset and exacerbation in the
clinical setting'® ?° Further assessment of polygenetic scores of aegenes may help in
prediction and prognosis of such complex diseases.

The potential role of pharmacogenomics in the cihmanagement of asthma and

allergic diseases is being increasingly recogniz&slmany susceptibility genes are shared
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across allergic diseases, targeted therapeutichmaged to treat multiple disead®4 Most
pharmacogenomics studies of asthma to date hausddwn the clinical response to commonly
prescribed medications, such as bronchodilatougpleiene modifiers, and inhaled
corticosteroids (ICSs), through candidate-geneagpre<® 2 Studies assessing the role of
short- and long-acting bronchodilators have mafobused orADRB2 (adrenoceptor beta 2.
Asthmatic patients with a homozygous genotype feargant substituting at amino acid 16
within ADRB2 have been shown to have decreased lung functiinareased exacerbation
with regular short-acting beta agonist use. Stidssessing the response of these patients to
long-acting beta agonists have been conflicth®’ Variants in the arachidonate 5-lipoxygenase
(ALOX5), leukotriene C4 synthaskeTC4S), leukotriene A4 hydrolasé.TA4H), and cysteinyl
leukotriene receptor ZYS.TR2) genes have been associated with response tafeuie
modifiers?* ?*however, replication of these findings are neededlthough a large number of
studies have assessed the genetic contributiddSadsponse, findings have been inconsistent.
Variants within the=CER2 (fc fragment of IgE receptor 2) gene have shovemtiost promising
results, with asthmatic children with these vasastiowing poor ICS respon¥eTo increase
clinical applicability or pharmacogenomic findingesearch has shifted towards genome-wide
association studies (GWAS). As a result, many htinerapies are being developed and
evaluated?
Epigenomics

While genomics is known to play a large role incywibility to asthma and allergic
diseases, the increase in incidence and prevatdribese diseases observed globally over the
past 70 years cannot be explained by genetic gresiison. Environmental and lifestyle factors

must play an important role in the initiation aretgistence of disease in predisposed
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individuals?* Epigenomics is the study of potentially reversitsiodifications of the chromatin,
measured by DNA methylation levels, histone modifns, or non-coding ribonucleic acid
(RNA), due to normal cellular repair or environnamodifiers®* *> Epigenomics may be used
to better understand the influence of environmegmal lifestyle factors on the underlying
mechanisms that contribute to the developmenttbhas and allergic diseases, which could aid
in the development of preventive strategies focepsble individuals?

While epigenomics technology and methodologiedes® developed than genomics and
transcriptomics approach&sstudies aimed at identifying epigenomic signatuvitsin
asthmatic and allergic disease populations arb@mise. The value of DNA methylation
signatures as biomarkers of diagnosis and/or tleetapresponse has been illuminated in studies
of other complex diseases, such as cancer andvautoie diseases, suggesting its potential in
understanding modifiable alterations in DNA thaggispose to asthma and allergic diseases.
Epigenome-wide association studies (EWAS) couldds=l to identify individuals who are
allergy-prone prior to disease on&&tEpigenomic signatures can be inheritédndin utero
exposure to farms, air pollution, and tobacco sniakee been shown to alter DNA methylation
signatures associated with development of asthmakergic disease early in if&.%* 2° DNA
methylation signatures have also been shown tcediatpn conventional biomarkers, such as
allergen-specific IgE levels and skin-prick teststhe prediction of food allergy, suggesting that
these signatures could potentially be used asesad@inative to food challeng&s?’

A limited number of studies have assessed theteffeasthma and allergic disease
treatment on the epigenortfie®® Demethylation oFOXP3 (forkhead box P3), a gene that is
only expressed by regulatory T cells and is redwaraedng allergic children, has been observed

in children who develop tolerance for IgE-mediated’'s milk allergy after dietary intervention
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and peanuts after oral immune-therdpy® ?° Epigenomic changes in response to ICS and
biological agents have been identified but furttegdication is needetf: *® The use of DNA
methylation inhibitors, such as 5-azacytidine, atignts with asthma and allergic diseases has
been assessed; however, results are conflictimghel future, the CRISPR/Cas9 gene-editing
system could potentially be used to reverse enmenmtally-induced changes in the epigenome
prior to disease onsé&t.*
Transcriptomics and Proteomics

Gene expression is a dynamic process that is higfiyenced by many factors including
age, gender, developmental stage, health statgaetcell type, time of day, and exposure to
allergens, infections, and medicatidfis® Transcriptomics and proteomics investigate two
important aspects of gene expression, RNA (i.e.ntblecular intermediate between DNA and
proteins) and proteins (i.e., the primary functigmaduct of DNA)*® Omics technologies are
currently being used to identify differential geggression patterns between those with and
without disease, leading to mechanistic hypothasesbiomarker developmefft.!

In order to analyze the massive amount of dathishgenerated through gene
expression analyses, sophisticated analytical rsthoe needelf. Such techniques have been
applied in large-scale projects such as the UndiBsemarkers in Prediction of Respiratory
Disease Outcomes (U-BIOPRED) consortium, which ditoedentify asthma endotypes
through the characterization of gene expressiofilgsd® ** While transcriptomics approaches
are now widely used is asthma and allergic diseesmarch? '’ untargeted proteomics research
has emerged more slowly which may be due in patedaliversity of technologies us#d.

Transcriptomics and proteomics studies of asthmasadlergic diseases have been most

fruitful in identifying disease endotypes. Diffaees in gene expression patterns between
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childhood and adult-onset asthma suggest thandistiechanisms underly disease onSet.
Sputum proteomics has been used to identify melspb-endotypes of eosinophil- and
neutrophil-mediated asthma. Transcriptomics has also been used to investigathanisms of
asthma and allergic disease severity, exacerbaiahresponse to treatment. Genes involved in
bronchodilation, reduction of inflammation, intexda response, and expression of CD8+ T cells
have been shown to be differentially expressedhitalieen with severe asthma compared to
children with mild asthm&® Increased expression of immune cytokines and okiras have
been shown to correlate with disease severity angression in atopic dermatitis. Studies
aimed at understanding the underlying mechanisnastbima exacerbations in children have
identified several differentially expressed genesrdy exacerbation related to immune responses
against viral infections and potential environmént@osures, such as smoke, pollutants, or
allergens® * A few studies have assessed transcriptomics mespo glucocorticosteroid
treatment* however, further replication studies are needéthogh transcriptomics and
proteomics studies in asthma and allergic diseage et to yield new diagnostic tests or drugs,
the growing sample size and robust design of ongsindies show potential for clinical
translation in the near future.
Metabolomics

Metabolomics measures the total repertoire of laMlecular weight products of cellular
metabolism (e.g., amino acids, fatty acids, sugard,lipids) present in cells, tissues, organs, and
biological fluids™® *" * The identities, concentrations, and fluxes oéhmetabolites result
from the complex interplay of the genome, gene @sgion, protein translation, and the
environment® As many cellular processes are regulated by robte$, they can act as

indicators of homeostatic imbalanc&sMetabolomics can, thus, be used to improve our
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understanding of disease pathogenesis, assesgibalesponses to risk factors, identify
susceptibility biomarkers, and monitor disease pssjor?"

Metabolomics approaches are particularly appedtinthe study of asthma and allergic
diseases, which are highly influenced by host-emritent interaction¥ Though limited in
number, metabolomics studies have provided unigdenavel insights into allergy and asthma
profiling at the molecular level. Most metabolosgtudies have focused on biomarker
discovery to identify metabolites that distinguisttween asthma/allergic disease and healthy
phenotypes and asthma sevetity” *> Noninvasive biomarkers, such as volatile organic
compounds in exhaled breath, have shown promisieg in the diagnosis, monitoring, and
treatment of asthmatics and could be especialljul® the assessment of airway inflammation
in young childrert’ However, validation of these biomarkers in indefEnt cohorts of
biological samples is needed to demonstrate clinitiiity.*” ! In addition to the global
metabolic profiles of individuals with asthma adiémic diseases, metabolomics can provide
deeper insights into the pathophysiology of digtasthma and allergic disease phenotypes.
Accurate prediction of phenotypes using metababefarkers may have the greatest clinical
impact, encouraging increased utilization of praspe study designs in metabolomics
research?®
Lipidomics

Lipids have both structural and functional rolesjreg as the primary component of
cellular membranes, energy reservoirs, and medgiatacellular mechanisms such as signal
transduction, immunity, and inflammatidh*° Over 40,000 lipids have been documented to

date?® *! Lipidomics, a sub-field of metabolomics, aimsutalerstand the structure and function



161 of a given cell or organism’s lipidome and how [ypoteins are affected by diseases and

162  treatment$? 4

163 Although the emergence of more sophisticated tegles, such as mass spectrometry-
164 based lipidomics, has facilitated the expansioknafwledge of the effects of lipids on asthma
165 and allergic diseases, most studies have focus¢argeted profiling of lipid mediators for

166 treatment development. Lipid mediators, such akdgienes, platelet activating factor,

167 prostaglandins, and sphingolipids, modulate the umeansystem in response to allergens and
168 have, thus, been primary targets for therapeuteentions. The leukotriene pathway, which
169 promotes bronchial smooth muscle constriction adeiases vascular permeability, has been the
170 most successfully targeted, with two classes ofislaurrently on the market, cysteinyl

171 leukotriene receptor 1 (CysLTR1) antagonists afigdygenase inhibitors> Clinical trials

172 assessing the efficacy of antagonists of platet@taing factor, such as rupatadine which is not
173 currently available in the United States, and @olsindin receptor agonists/antagonists in

174 patients with asthma and allergic diseases have peormed or are currently underw&y”

175 While findings from animal studies assessing tlieafy of anti-sphingosine 1-phosphate

176 compounds in allergic disease management havegreamsing, no clinical trials are currently
177  underway'* %

178 Microbiomics

179 The microbiome broadly describes the microorgani@ntduding bacteria, viruses, and
180 fungi) colonizing the human body, their genes, tmailr interactions with each other and their
181 host™® “® It is exceedingly complex, composed of trilliasfamicroorganisms whose

182 composition varies across body sites, time, anddot individuals and is highly influenced by

183 environmental and dietary factdfs?’ Alterations in the composition or metabolic aityivof
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the microbiome can negatively impact immune functae to the intimate crosstalk between
the two network$! The immunomodulatory mechanisms of microbial dysis are beginning

to be elucidated using omics technologies, sughagun metagenomics sequencing and
metatranscriptiomics’ 8 Whether alterations in the composition of thenstitome precede or
follow immune responses in asthma and allergicagiss remains unclear; however, prospective
birth cohort studies have begun to shed light ent¢mporal relationshifd.

Microbiome-based strategies for prevention, treatirend management of asthma and
allergic diseases have focused on targets of inmateinity and therapies altering microbial
communities, including prebiotics, probiotics, anitrobial transplantatioff Drugs targeting
lung inflammation, such as macrolide antibioticd anrticosteroids, have shown beneficial
effects for treatment of certain asthma phenotypéswever, the airway microbiome may
modulate the response to these therapies, suggésaihmicrobiome phenotyping of individuals
prior to administration may be beneficial for traant effectivenes¥: *° While findings from
studies assessing the effectiveness of prebiodic-ghgestible fiber that stimulates the growth of
beneficial microorganisms) and probiotic (live neierganisms) use in preventing asthma and
allergic diseases have been promising, particufarlprevention of eczentd;*® no
recommendations have been made to date for pprobiotic use in patients with asthma or
allergic disease¥. Several clinical trials are currently underwayssess the effectiveness of
microbiome transplants, including vaginal swabbsldgn creams, and oral encapsulated fecal
microbiota, in preventing and treating asthma dfedgic disease?’

Exposomics
The exposome defines the totality of an individsigkternal (e.qg., climate, traffic, and

pollutants) and internal (e.g., metabolism, inflaation, and aging) environmental exposures
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throughout their life coursg: °? Unlike epigenomics, which is used to assess ruadiibns to
the genome specifically, exposomics comprehensasdgsses multi-omics responses to
environmental exposures. These response pattdeadly characterized from longitudinal
biomonitoring, could then be used to provide anvidldialized disease risk profile for targeted
prevention. Using a more holistic approach in ssisg the effect of environmental exposures
on disease will likely be more informative in pretihig complex diseases like asthma and
allergies than assessing the separate effectslividnal exposures:

While a growing number of studies have assessebta®f specific environmental
exposures in the pathogenesis of asthma and alleiggases, challenges related to measurement
harmonization, feasibility of exposure assessmiatggration of multifactorial data, and
methods of discovery analysis have hindered expeswite analyses in this fiefd. In an effort
to overcome some of these issues, large-scaletin@s, such as the Human Early-Life
Exposome (HELIX) and EXPOsOMICS projects, have daanched with the goal of refining
exposomics characterizatioh>* Additionally databases, such as the World Health
Organization’s Exposome-Explorer, can be useddatitly biomarkers of environmental
exposures for biomonitoring or studies of diseaisag)y.”

Phenomics

Phenomics is the systematic study of a large sphehotypes used to describe an
organism. In biomedical informatics, the phenomeéeéfined as symptoms, physical findings,
and disease diagnoses that describe patientsef@uifposes of medical care. Phenomics can be
used to identify and describe disease subtypetudy pleiotropy (i.e., multiple phenotypes

arising from the same genetic alteratich).
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The electronic health record (EHR) is an importasburce for the study of human
phenomics. Compared to observational researchrisotinat only capture a pre-specified set of
phenotypes, the EHR contains information on a &asty of phenotypes that are pertinent to
medical caré’ Many health care systems now link EHR and gerefizmation, obtained
through biospecimen collection, which has led ®dbvelopment of phenome-wide association
studies (PheWAS)Y®* While originally designed to study the relatioipshetween a large set of
human phenotypes and a single genetic variant, Rig&#pplications have since broadened to
assess associations between phenotypes to ideatifgrbidities, subtypes, or health-service
outcomes (e.g., length of hospital stay and treatiedated complications) related to a specific
disease!

A mounting body of evidence has demonstrated titieyudf EHR data in genomics
research. EHRs have been used to replicate knewetig associations with asthma first
discovered in observational cohois?? PheWAS has been used to identify novel asthrka ris
loci and discover pleiotropy of asthma-associateukegjc variants with atopy and leukemia and
allergic rhinitis-associated genetic variants witatabolic disease and diabet&8" PheWAS
has also been used to identify new therapeutietsuas well as predict adverse drug events.
One study identified asthma as a potential sidecefif drugs that inhibPNPLA3 (patatin-like
phospholipase domain containing 3), a potentiakieutic for liver diseas®.

EHR-driven phenomics have also been used to stushpgenic, or Mendelian, diseases.
As variants within Mendelian disease-causing gére® been shown to contribute to complex
disease$? assessment of the association between these teagiath asthma and allergic disease
risk is warranted. The Online Mendelian Inheriant Man (OMIM), a catalog of monogenetic

diseases, describes many diseases that are chiaexttéen part, by traits related to asthma and
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allergic disease%. A method called the phenotype-risk score (PhaeiR8)recently developed to
capture Mendelian phenotype patterns using EHRatedanform on the contribution of rare
variants to common diseasésRare genetic variants may be used to link sortieqia’ asthma
to Mendelian diseases with targeted therapies.

Conclusions and Futur e Per spectives

Clinical Decision Support Systems

Electronic Health Records

As omics technology becomes more widely utilizethim clinical setting, integration of
omics data within EHRs will become increasingly ortant for interpretation and clinical
decision suppof® ®” However, EHRs, which have traditionally been atiured to provide a
common workflow for health care providers and calited documentation of billing and
clinical monitoring and decisions, are not suite@tcommodate omics data in their current
form.°® Next-generation EHRs will need increased stocagecity, structured data formats to
allow return of omics results to physicians andguds, links to reference sources to aid in the
interpretation of results from Clinical Laboratdmgprovement Act (CLIA)-certified clinical
laboratories and genetic counselors, and systemiggoocessing archived data and updating
interpretations as new scientific knowledge becoaweslable®® ¢’ To begin this transition,
initiatives, such as the Electronic Medical Recadd Genomics (eMERGE) network, have
been established to develop methods and bestgeadtr integrating omics data into the EHR
system and returning results to patiefits.

Ethical, legal, and privacy considerations for detaage and sharing are also of concern
with the integration of omics data in EHRs. WhHe federal Health Insurance Privacy and

Accountability Act (HIPAA) imposed privacy standardn the use of protected health
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275 information, such as names and birth d&fesnics data are not explicitly mentioned in the act
276 and are, therefore, potentially vulnerable to prjvaiolations®® ® Frameworks for the storage
277 and management of omics data and consent havesantvidely implemente® however, some
278 institutions have established guidelines for phaisamd technological security controls to help
279 protect omics dat& "* Further, issues related to recontact of potdyptidfected patients once
280 new scientific knowledge becomes available andmedfiresults, particularly from genomics

281 testing, to potentially affected family membersahézbe carefully assessed and stratedized.

282 Laboratory Formularies

283 The use of omics technologies in clinical carelteesn somewhat limited to those areas
284 where data and validation have shown sufficienbidatory sensitivity, specificity, and

285 reproducibility, as well as clinical validity andility. The areas which have been brought

286 forward as standard of care include cancer diagreoud therapy, rare and/or inherited disease
287 diagnosis and risk assessment, and pharmacogentmiitsn effort to provide more

288 affordable, accessible, and high-quality healthaatee United States, attention has been placed
289 on reducing hospitalizations, readmissions, anchffeutic costs. However, management of
290 diagnostic and screening testing is also impot@ahealthcare reform as the number of these
291 tests available to clinicians is rising and margy @xpensive and require extensive background
292  knowledge for correct interpretatiéh.To promote the appropriate utilization of laborst

293 testing some institutions have implemented laboyatrmularies’ These programs provide
294  strategic guidance for ordering clinicians throegidence review and expert consultation of
295 each test’s clinical utility, cost, and interpréat Successful implementation requires ongoing
296 collaboration of hospital administrators, clinieald laboratory staff, and information technology

297 developers® ™ Although omics testing for asthma and allergaedises are not standard of care



298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

14

at this point, use of a laboratory formulary staetto introduce and advance testing for these
diseases would provide a structure to obtain stemidence and appropriate utilization
management.
Integrated Omics

The vast majority of studies utilizing omics datddentify biological targets and
pathways involved in asthma and allergic diseasieog@nesis have primarily focused on a
specific omics subtyp®: "> While important insights have been gained froeséhstudies, they
provide only a partial view of the disease procésktegration of multi-omics data provides a
more comprehensive understanding of the underlyiaghanisms of disease through
identification of molecular interactions, intermatd phenotypes and processes, and
upstream/downstream molecular targét& However, amplification of issues related to data
acquisition, harmonization, storage, quality, andlgsis have slowed the integration and
simultaneous assessment of multiple, multi-dimerediomics subtypes. As multi-omics
approaches often require the collection and pracgsd larger volumes of multiple sample
types, patient burden and cost-effectiveness aed to be weighed when performing these
analyses® !® Several large-scale consortia, such as the Méstharof the Development of
ALLergy (MeDALL),? U-BIOPRED?? and Environmental influences on Child Health
Outcomes-Children’s Respiratory and Environmentatkyroup (ECHO-CREW}/ have been
established to study and develop approaches titdéeiclinical translation of multi-omics data
for patients with asthma and allergic diseases.
Clinical Implementation: Current Challenges and Progress

While omics technologies have advanced our utalelgg of the molecular

mechanisms underlying asthma and allergic diseatb®iogy, these technologies are primarily
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being used as research tools at this time and alawgvortant factors need to be addressed
before they can be effectively utilized in clinigakctice. Validation and replication of findings
from previous studies is essential, necessitatagdsardization of data collection, processing,
and analysi$> *® Large-scale initiatives and data repositorieshas the UK BiobarlR and the
Biologic Specimen and Trans-NIH BioMedical InforiicatCoordinating Committee (BMICY,
have facilitated the generation of robust biomddiedasets to improve research efficiency,
increase collaboration, and facilitate validatidrindings®” 2 Institutions, such as the Food
and Drug Administratioft and the American College of Medical Genetics ard@nics> have
created guidelines for collection and processingiospecimens and development of standard
data storage formats and data interpretafidnsdditionally, standardized clinical diagnostic
codes and phenotypic terminology have been estadulito allow consistent information
exchange and comparability of diseases across aiiqs°

Infrastructures for clinical informatics and incsed cross-disciplinary training for health
professionals are also key for the successful egjodin of omics technologies and have been
highlighted in projects such as CASyM (Coordinatikmion Systems Mediciné}®> Many
online and offline courses are now being offerenftprove the analysis and interpretation of
omics dat&’ With a concerted collaborative effort from patgeand experts with diverse
backgrounds, including clinicians, bioinformaticsamedical laboratory scientists, lawyers,
ethicists, and hospital administrators, it is poiesfor omics technologies to transform and

improve patient health and the healthcare sy&teth.
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Table 1. Featur es of omics data.

Omics Subtype M easured biomarker Sampletype Data collection technologies
Genomics DNA Any tissue that has a nucleus’(bleed-and Genotyping arrays
e NGS
___________________________________________________________________________________________________________________________ Exomesequencing
Epigenomics DNA methylation levels, Tissue-specific (sera, other bodily fluids, or NGS
post-translational histone tissues may be used) DNA methylation analysis with arrays
modifications, non-coding Small RNA sequencing
RNA (e.g., microRNAs
e RNAS)
Transcriptomics RNA Tissue-specific (sera, other bodily fluids, or  Probe-based arrays
tissues may be used) RNA-Seq
Proteomics Proteins Tissue-specific (sera, other bodily fluids,or MS
________________________________________________________________ tissuesmaybeused)
Metabolomics  Metabolites{melecules Tissue-specific (sera, other bodily fluids,or MS
= e tissues may be used) NMR
___________________________________________________________________________________________________________________________ Semiconductor metal oxide
Lipidomics Lipids Tissue-specific (sera, other bodily fluids,or MS
________________________________________________________________ tissuesmaybeused)  NMR
Microbiomics Microorganisms{baeterta;  Tissue-specific (sera, other bodily fluids, or  NGS
e tissues may be used)
Exposomics Any biomarker of Dependent on the biomarker(s) Dependent on the biomarker(s)
exposure™ assessedused-{(e.g-sera-urine-saliva; assessedused
e“.l'al. ed-gas EISSdE e-predictivendex-uaing
Phenomics Disease states, symptoms, ~ N/A® Extraction from electronic health

lab measurements, vitals record, surveys, physical exams, and
measurements, etc.

DNA, deoxyribonucleic acid; NGS, next generation sequencing; RNA, ribonucleic acid; MS, mass spectrometry; Ba-Balten; NMR, nuclear magnetic resonance
spectroscopy; N/A, not applicable.

*Blood and saliva are commonly used.




PExamples of biomarkers of environmental exposures include vitamins (diet), pol VCVC|IC aromatic hvdrocarbons ( pol I utant), and orqanohal oqens (pesticide).
cSamplastvpas mav include sera, urme saliva, exhaled gas, tissue, etc.abatal

dl:"Phenom|csstud|as utilize Qatlent Ievel data extracted from electromc health records, surveys, physical exams, measurements, etc. This datais sometimes
linked with genetic information.




Population with disease

Clinical data Multi-omics profile
Age Genome
Race/ethnicity Transcriptome
Gender Proteome
Socio-economic status Metabolome
Anthropometric measurements Lipidome
Lifestyle factors Microbiome
Comorbidities Exposome
Exposures

Response to treatment

Endotype characterization

Phenotype characterization Endotype: functional or pathobiological
Phenotype: set of clinically observable mechanism f)f the _disga_se occurring
characteristics of an individual within the individual

Disease subtypes

Improved disease prediction, prevention, management, and treatment



Figure 1. Framework for integration of clinical and multi-omics data for improved disease

subtyping within the disease popul ation.



Key M essages

Integration of phenotyping and multi-omics endotyping can help differentiate asthma and
allergic disease subtypes, identify biomarkers and pathol ogical mediators, predict patient
responsiveness to specific therapies, and monitor disease control.

Most omics studies of asthma and allergic diseases to date have focused on genomics and
transcriptomics approaches; however, increasing attention is being placed on omics
technologies that assess the effect of environmental exposures on disease initiation and
progression.

Integration of multi-omics data may provide a more comprehensive understanding of the
underlying mechanisms of disease through identification of molecular interactions,
intermedi ate phenotypes and processes, and upstream/downstream molecular targets.
While omics technol ogies have advanced our understanding of the molecular
mechanisms underlying asthma and allergic disease pathol ogy, these technologies are
primarily being used as research tools at this time and several important factors need to
be addressed before they can be effectively utilized in clinical practice.

Use of clinical decision support systems, such as laboratory formularies, and integration
of these systems within electronic medical records will become increasingly important as

omics technology becomes more widely utilized in the clinical setting.



