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Technological advances in the search for a CURE for 
asthma
Sara Quon1 , Timothy M Johanson1, Ridhima Wadhwa2, Alen Faiz3, Anthony Flynn4, Gary P Anderson5, Amanda J Cox6,  
Nicholas P West6,7, Michael P Menden5,8, Rhys S Allan1

Asthma is an insidious disease that affects the lives of 
millions of people in Australia and hundreds of millions 
around the world.1 “Asthma” encompasses many different 

types of “asthmas”. Hope lies in recent findings regarding 
therapies that achieve clinical remission in people with specific 
types of asthma.2 Buoyed by these findings and advances in 
technology, we believe that scientific innovation holds the 
key to defining the asthmas, understanding their causes, and 
developing targeted treatments and ultimately cures. In this 
narrative review, we describe the key technological innovations 
that can translate these ambitions into clinical benefit.

Asthma encompasses several diseases with distinct 
presentations, currently categorised as six clinical groups: 
allergic asthma, non-allergic asthma, adult-onset asthma, 
cough-predominant asthma, asthma with persistent airflow 
limitation, and asthma with obesity.3 However, disease 
characteristics differ even within these groups, and two 
major types have been defined, based on the form of airway 
inflammation: type 2-high and type 2-low asthma. This newer 
classification stems from the concept of asthma endotypes, in 
which classification is based on defined molecular pathways 
and, ideally, matched therapies.4 The challenge for discovery 
scientists is to further define and refine the asthma endotypes. 
Understanding these differences are important for developing 
precise treatments and cures.

Environmental and genetic factors contribute to the risk of 
asthma. Exposure to smoking, air pollutants, and certain 
infections increases the likelihood of developing asthma; sex, 
age, and ethnic background not only affect the risk but also 
influence the severity and type of asthma.5,6 The effectiveness 
of treatments depends on the asthma type; some can be easily 
managed with medications, others are more difficult to control. 
The symptoms of many children with early onset-asthma 
become less severe with age. Further, type-2 high asthma can 
largely be controlled and flare-ups managed if patients comply 
with medication recommendations.7

Treatments for asthma include glucocorticoids, which have a 
broad effect on inflammation and immunity, usually combined 
with bronchodilators; they relieve symptoms, but they are not 
directed at the root cause of asthma.8 These medication types 
do not effectively control asthma in some people, and they 
must be taken as prescribed, the importance of which is seen 
during episodes of thunderstorm asthma. The combination 
of thunderstorms with high pollen levels can trigger sudden 
asthma flare-ups in people with allergies or asthma; a very 
severe thunderstorm asthma event in Melbourne during the 
spring of 2016 led to high demand on emergency services 
and ten deaths in a single day.9 This tragic event, and smaller 

subsequent thunderstorm asthma events, underscore the need 
for better strategies to control and eventually cure asthma.

An estimated 5–10% of people with asthma have severe asthma, 
characterised by persistent symptoms despite treatment, or 
symptoms that can only be controlled by high medication doses.10 
This debilitating condition greatly affects quality of life.11 While 
treatments for severe asthma have advanced markedly over 
the past two decades and therapies tailored to specific asthma 
characteristics are available, further improving the quality of life 
for people with severe asthma remains important.

Therapies that directly target the cause of asthma could fulfil 
this need, but they would require better understanding of its 
aetiology. Studying the cell populations involved in asthma is 
often difficult because of their paucity and the heterogeneity 
of patients in asthma cohort studies. Research methods and 
tools have rapidly improved over the past decade, including 
the capacity for simultaneous high-dimensional analyses of 
more than forty parameters in single cells using spectral flow 
cytometry and powerful high-throughput techniques that enable 
researchers to assess all genes (genomics), proteins (proteomics), 
metabolites (metabolomics), or microbes (metagenomics) (Box). 
In addition, recent breakthroughs in spatial transcriptomic and 
proteomic technology endow scientists with the ability to identify 
pathogenic cells in situ. These technological advances have opened 
new avenues of research, facilitating in depth investigations of 
difficult to study cell populations, leading to groundbreaking 
findings. With the development of more high-throughput assays 
with greater sensitivity, sophisticated sequencing technology, and 
advanced computational tools, particularly the predictive ability 
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Abstract
•	 Asthma is a chronic respiratory disease that affects more than 

250 million people.
•	 It is a heterogeneous disease with a variety of symptoms, 

severity, and underlying mechanisms.
•	 Long term remission has been achieved for small subgroups 

of people with asthma treated with targeted biologic therapy. 
Accurately defining asthma subgroups is therefore of upmost 
importance for further reducing the prevalence of asthma.

•	 The rapid rise in technologies that enable profiling of a spectrum 
of analytes provides the opportunity to accurately classify 
asthma subtypes and to elucidate the underlying causes of 
disease.

•	 Combining these technologies with artificial intelligence will 
enable more accurate disease prediction, precision diagnoses, 
and personalised treatments.

•	 A major challenge is the prioritisation and effective 
implementation of these technologies in clinical practice.
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of artificial intelligence and machine learning, we are poised 
for major breakthroughs in the study of asthma, supported by 
collaborations across diverse scientific fields.

In this article, we provide a detailed appraisal of the technologies 
that will be central to paving the pathway to a CURE for asthma. 
We focus on technologies most useful for discovering new 
disease mechanisms. We do not discuss important advances in 
non-invasive sampling (eg, breathomics, particles in exhaled air 
[PExA]) or advances in imaging, from the whole organism level 
to lung tissue ultrastructure and cryo-electron microscopy. We 
identified articles by searching PubMed and Google Scholar 
for “asthma”, “severe asthma”, “spatial technology”, “AI”, and 
“multi-omics”, and reviewed reference lists in retrieved articles 
for further relevant publications. We applied no language or 
date range restrictions; when several sources covered the same 
technology, we gave priority to the most recent articles. We 
preferred original studies for specific methodologies.

Spectral flow cytometry

Immunophenotyping, or characterising the immune system of 
an individual by assessing cell markers, is critical in conditions 
with substantial variability. Profiling the immune system using 
flow cytometry can help characterise the disease endotype, 
but immunophenotyping methods have typically been low 
throughput, assessing only six to ten cell markers at a time. 
As most cell types require multiple markers for accurate 
identification, conventional immunophenotyping methods 
were limited and required a large amount of biological material 
for comprehensive immune system characterisation. The recent 
development of spectral flow cytometry has removed this 
barrier by increasing the assessment capacity to more than 
40 markers per run using less than 2 mL blood.12 Further, the 
rigorous standardisation of spectral flow cytometers, such 
as the Cytek Aurora (https://​cytek​bio.​com/​pages/​​aurora), 
reduces variability between runs and machines, increasing 

the reproducibility and clearness of results. The immune 
system can now be characterised for large cohorts of people, 
facilitating definition of their asthma phenotype, as described 
in a recent study that used high-dimensional profiling and 
other omics to go beyond characterisation of asthma as type 2-
high or type 2-low.13 This approach will undoubtably improve  
treatment options.

Proteomics and metabolomics

Proteomics and metabolomics are often combined to provide a 
comprehensive overview of cellular processes. Both approaches 
are typically performed using mass spectrometry for the large 
scale profiling of small molecules and proteins in cells and 
tissues. Recent studies have used serum and sputum proteomics 
to classify asthma types14 and identify potential biomarkers in 
exhaled breath condensates.15

Metabolomics is the study of the complete set of small molecules 
known as metabolites (sugars, amino acids, lipids). Metabolomics 
provides a promising tool for investigating asthma pathogenesis 
and identifying biomarkers.16 For example, a recent study found 
that plasma metabolomics further clarified asthma subtypes in 
children.17 Measuring volatile organic compounds in exhaled 
breath could also be a non-invasive diagnostic test,18 and 
analysis of exhaled breath led to the identification of a distinct 
allergic asthma signature in children.19 Breathomics has also 
been useful for therapeutic drug monitoring.20 Smaller amounts 
of patient material are needed as proteomics and metabolomics 
technology improves, using devices such as the Orbitrap Astral 
mass spectrometer (ThermoFisher).21

Single-cell next-generation sequencing

The rapid development of single cell sequencing technologies, 
followed by next-generation sequencing assays such as cellular 
indexing of transcriptomes and epitope sequencing (CITE-
Seq), single cell RNA sequencing (scRNA-Seq), and single 

How the omics facilitate advances toward precision asthma diagnosis and treatment*

* Sputum, bronchoalveolar lavage fluid (BALF), lung biopsy, or blood samples collected from people with asthma can be analysed using a range of omics technologies to obtain 
diagnoses of asthma endotypes using multi-omics integration. Data will also be provided to artificial intelligence systems that will enhance the predictive power for precision diagnoses 
and treatments, and inform clinical trials. The promise of these analyses is to develop precision diagnoses that facilitate personalised treatments and potentially cures for asthma. The 
image was prepared in BioRender (www.​biore​nder.​com). ◆
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cell transposase-accessible chromatin sequencing (scATAC-
Seq),22 have provided novel insights into the heterogeneity of 
individual cell populations. Before these technologies were 
available, bulk cell populations were assessed together, limiting 
investigation to the overall picture of predefined populations  
and precluding insights into novel cell types or rare 
traits. Exploring heterogeneity in asthma is important for  
understanding the spectrum of disease presentation and 
severity, as well as its aetiology. For example, the most frequent 
form of asthma, type 2-high asthma, is strongly linked with 
allergies. Memory B cells, a type of immune cell important for 
antibody production, are important in allergic responses, but 
people without allergies also have memory B cells, indicating 
heterogeneity within this cell population. Recent studies 
using scRNA-Seq have implicated a subset of memory B cells 
in allergic conditions, MBC2 cells,23 suggesting a promising 
avenue of research for allergic asthma. With the advent and 
improvement of single cell sequencing technologies, the specific 
cells that contribute to asthma onset and pathogenesis can be 
identified and characterised, as recently reported for a human 
model of asthma exacerbation.24 Another study has illustrated 
how scATAC-Seq can be used for the functional assessment and 
prioritisation of asthma risk loci.25 This technology has also 
been instrumental for constructing the human lung atlas (and 
its mouse counterpart), which has led to the identification of 
new lung cell types, such as the ionocyte,26 providing insights 
into how disease changes cell differentiation in the epithelium 
and the discovery of GAIN, a unique mucous gland-associated 
immune niche for IgA-secreting B plasma cells important 
for mucosal host defence.27,28 These technologies will not 
only improve disease endotyping, but also help identify new 
pathways for targeted therapies.

Spatial transcriptomics and proteomics

Individual cell populations are often investigated, but asthma 
is the manifestation of interactions between different cell types. 
For example, when a person with asthma encounters a trigger 
such as grass pollen, immune cells, including dendritic cells, 
lymphocytes, and eosinophils, are activated and interact, leading 
to cellular infiltration of the airway walls. This inflammation 
reduces the width of the airways, causing symptoms such as 
breathing difficulty and coughing. The interplay of the various 
cell types in the airways, and their location, determines the 
asthmatic response, and studying specific cell populations 
in isolation and without spatial context does not take tissue 
architecture and local features into account; cell niches and cell–
cell communication within tissues contribute to both health and 
disease.

Spatial profiling, including spatial transcriptomics, proteomics, 
and metabolomics, can overcome this problem. Spatial techniques 
assess the expression or abundance of a target in intact tissue 
sections, facilitating assessment of the target of interest and 
the location of the target in the tissue.29 These technologies 
use either next-generation sequencing or direct imaging.30 
For transcriptomics and proteomics, higher multiplex spatial 
technologies enable the assessment of as many as 6000 molecules 
with sub-cellular resolution, or the whole transcriptome at 
the cell type level, providing whole transcriptome profiling at 
subcellular resolution for research and drug development.

The upper airways are a highly organised system; the epithelial 
and immune cells are spatially and temporally organised to 
maintain tissue homeostasis by protecting against airborne 

infections.31 For example, different cells will be present in the 
airways depending on how much time has passed since an 
infection, so the cell compartment is also organised by time. 
Spatial technologies overcome the limitations of bulk and 
single-cell sequencing associated with the dissociation and 
purification of cells that not only results in the loss of spatial 
information, but also the loss of rare cell types and cell types 
sensitive to removal from their supportive matrix.30 This 
could be particularly important in certain types of asthma, 
particularly allergic asthma, a type 2 inflammatory disease; 
eosinophils and mast cells have been difficult to process for 
scRNA sequencing.31 Several spatial technologies are now 
available, but a recent review of platforms discussed several 
unique features of GeoMx DSP (NanoString) for skin disease 
studies,32 including multimodal detection of proteins and RNA, 
the ability to segment by cell type, and no need for special 
histology slides or histology tissue processing instruments. 
Spatial transcriptomics and proteomics could revolutionise the 
understanding of immune and epithelial dysregulation and 
provide insights into how cells communicate with each other to 
cause asthma. Recently, this method has provided insights about 
pathogenic niches in chronic rhinosinusitis with nasal polyps, 
frequent in asthma, lung fibrosis, and chronic obstructive 
pulmonary disease.33,34

Multi-omic integration

Research into the cause of asthma has typically focused 
on DNA mutations,35 but recent technological advances in 
transcriptomics, epigenetics (the study of factors other than 
DNA sequence that influence gene expression), proteomics, and 
metabolomics have facilitated a more comprehensive approach. 
Each of the omics can detect the differential expression of 
certain molecule types that could be associated with disease, 
but integrated analysis of the data provided by multiple omics 
technologies can elucidate the complex network of mechanisms 
that contribute to disease.36 Simultaneous profiling using the 
various omics, multi-omics, is now possible with low input 
(small number of cells) and at single cell resolution, providing 
more information about the origin, state, and fate of cells. This 
multifaceted approach increases the prospect of identifying 
regulators of immune cells and disease by providing a more 
comprehensive picture of the network of regulatory molecular 
mechanisms. Exciting advances that combine transcriptomics, 
epigenomics, and spatial information are becoming available,37 
and will be powerful tools for examining tissues from people 
with asthma, providing insights into disease pathogenesis and 
facilitating precision medicine interventions.

Multi-omic research approaches could provide insights that 
accelerate the development of novel asthma therapies, and even 
a cure. The development of agents for blocking anti-interleukin 
33 (anti-IL-33) or thymic stromal lymphopoietin (anti-TSLP) 
are examples of the success of a multidisciplinary research 
approach to the complex mechanisms underlying asthma. 
Single nucleotide polymorphisms (mutations in single bases 
of DNA sequences) identified in the genes for IL-33 and TSLP 
genes were found to be associated with asthma development.38 
Subsequent research has characterised how the proteins coded 
by these genes contribute to asthma progression, using different 
approaches from multiple fields, including molecular biology, 
cellular biology, and structural biology. Both TSLP and IL-33 
act as alarm signals for a variety of cell types, inducing type 2 
immune responses, leading to allergies and allergic asthma.39 
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Based on such findings, agents that block TSLP and IL-33 
activity have been developed, and more are being investigated.40 
This approach was also important in the recent discovery 
of the mitochondrial 15-lipoxgenase ferroptosis pathway in 
severe asthma following the identification of altered oxidative 
phosphorylation in some people with asthma by the Unbiased 
Markers for the Prediction of Respiratory Disease Outcomes 
(UBIOPRED) and Severe Asthma Research Program (SARP) 
studies, leading to promising new biologic agents.41

Computational capabilities

As the described technological advances have increased 
the complexity and volume of data produced by single  
investigations, bioinformatics and computational biology are 
now critical for biological research, because sophisticated 
computer programs are needed to appropriately organise and 
analyse the available data. This is reflected not only by the 
increasing number of types of program, but also by the growth 
of computational fields such as artificial intelligence (AI).

AI typically refers to the ability to mimic human thinking 
and decision making, including characteristics such as 
perceptiveness, logic, and learning from experience. As 
biological research gathers large amounts of data with the aim 
of detecting patterns in the data, AI is especially suited for 
bioinformatics and computational biology because of its capacity 
to extract information by rapidly processing and analysing large 
datasets in an automated fashion. AI can not only be applied to 
analysing new asthma-related datasets, but also to mining and 
re-analysing earlier asthma datasets to detect patterns that had 
previously been missed because of the limitations of available 
computational tools.

Generative AI technologies, such as ChatGPT42 and AlphaFold,43 
have revolutionised text and image generation and protein 
structure prediction using synthetic data, powered by large, 
pre-trained foundation models that could transform health 
care.44 Using large medical datasets, these models can be fine 
tuned to predict clinical outcomes and personalise treatment 
with limited additional data (few-shot learning).45 Together 
with digital twins (virtual representations of patients), these 
innovations herald a new era in precision and personalised 
medicine.46

AI methods could revolutionise asthma care.47 Traditional 
discriminative machine learning models are typically used 
for classification tasks, such as predicting asthma subtypes, 
or for regression tasks, such as forecasting clinical variables. 
However, generative AI could generate synthetic data, effectively 
creating digital twins of patients.46 This approach could replace 
propensity score methods for defining control arms in clinical 
trials. Extending this concept by linking patients with their virtual 
representations could enable the simulation of events such as 
asthma exacerbations, and the identification of biomarkers that 
predict therapeutic response. This innovation opens the possibility 
of conducting virtual trials, a new frontier in precision medicine.

Virtual representations of cells could be used for the investigation 
of asthma aetiologies by using generative AI and digital 
twins44,46,48 to model tissue development at single cell and spatial 
resolution. Spatial resolution refers to being able to see the cells 
within the natural geography of the tissue; it can also be described 
as studying the cells within the context of the tissue structure. 
By analysing single cell, spatial, and bulk transcriptomics data 

and integrating molecular subtypes and genetic variants, digital 
twins can be used to follow cell development in health and 
disease, with a focus on asthma exacerbations. Velocity vectors 
from RNA-splicing variants can be calculated for each cell in 
order to predict changes in gene expression and development.49 
Using advanced AI techniques, including transformers and 
variational autoencoders,50,51 digital twins can be used to project 
cellular trajectories, simulating lung development in healthy 
people and people with asthma. Through better knowledge 
of tissue architecture development, these technologies could 
provide insights into disease pathologies, identify novel drug 
targets, and improve clinical outcomes.

Multi-omic integration using AI is a powerful approach to 
unravelling the complex molecular mechanisms of asthma.52 
By combining data from genomics, transcriptomics, proteomics, 
and epigenomics, AI methods could identify key biomarkers 
and molecular signatures associated with asthma subtypes, 
disease progression, and therapeutic responses.53 Advanced 
machine learning models, such as deep learning and generative 
AI, enable the integration of these diverse datasets, identifying 
patterns and interactions between genetic variants, gene 
expression, protein levels, and epigenetic modifications.46,54 
This holistic approach not only enhances our understanding of 
asthma pathophysiology, but also facilitates the development 
of personalised treatment strategies, predicting outcomes 
more accurately and optimising clinical interventions. These 
techniques are even more powerful when guided by the 
combined expertise and disease insights of basic and clinical 
translational teams.

Barriers to be overcome

Implementing these new technologies in clinical settings is 
a major challenge, and many cannot yet be used on a large 
scale. Giving priority to those required for diagnosis and 
determining how they can be integrated with AI will be the keys 
to success. This will require funding for equipment, computing 
power, and experimentation. Further, developing expertise, 
attracting scientists to work in asthma research, and promoting 
collaboration between clinicians and scientists is needed. 
Reducing the mismatch between the burden of asthma and the 
funding of asthma research55 by providing support for long 
term scientist–clinician collaboration would support the vision 
of the CURE asthma initiative.

The use of digital twins in health care raises important ethical 
questions, including personal privacy, data governance, and 
the risk of outputs that could lead to unsafe or misleading 
clinical recommendations. Comprehensive user education and 
the involvement of clinicians throughout the decision-making 
process will be needed.

Future directions

Almost 11% of Australians have asthma. However, hope for a  
cure is provided by the fact that clinical remission has been 
achieved for some people treated with specific biologic 
medications.56 Moreover, better understanding of the 
mechanisms underlying spontaneous asthma remission57 is 
now achievable. Over the coming decade, we envisage that 
implementing the technologies discussed in this article will be 
critical for clinical translation towards cure by:
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•	 providing precision diagnoses for people with asthma, 
ensuring that they receive optimal treatments;

•	 integrating the predictive powers of AI to predict clinical 
outcomes, identify biomarkers, and design virtual clinical 
trials; and

•	 identify the causes of asthma in order to inform the discovery 
of novel disease-modifying and curative therapies.

The use of these technologies will be essential for research into 
disease pathogenesis, and developing precision diagnoses and 
therapies that will undoubtably contribute to ending the burden 
of asthma.
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