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Abstract

Toxicants such as smoke, biofuel, and pollutants constantly challenge our
respiratory health, but little is known about the pathophysiological processes
involved. In a new report, Lin ef a/. provide evidence that our bacterial and
fungal lung populations orchestrate the interplay between environmental
exposure and lung functions, thereby conditioning health outcomes.
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Human health is continuously challenged by environmental exposures encountered
throughout life (also termed “exposome”) [1]. By filtering more than 10,000 liters of air daily,
the lung is highly susceptible to this exposome, particularly to toxic compounds or particulate
matter (PM) [2]. Long-term exposure of our airways to these toxicants triggers immunological
dysregulations promoting various diseases such as asthma, chronic obstructive pulmonary
disease (COPD), and cancer [3]. Similar to the gut, the lung hosts broadly diversified
communities of microorganisms including bacteria, fungi, protozoa, and viruses. This lung
microbiome participates in maintaining the homeostasis of this essential organ and therefore
airway health, making the exposome a main perturbator to disrupt the lung microbiome [4].
While it is now well documented that exposure to toxicants impacts lung functions and
microbial populations, the exposome-microbiome-respiratory interplay remains poorly
understood. In such a perspective, unprecedented insights into the interaction between
exposure factors and lung microbial communities with respect to health outcomes were gained
through an outstanding report recently published by Lin and colleagues in Nature Medicine

[5].

By conducting a province-wide, population-based COPD surveillance in China, Lin et al.
first demonstrated that geography was predominantly associated with the airway microbiome
composition. More specifically, their analysis suggested that the distinct districts involved in
this study drove the establishment of several types of microbiome profiles including not only
bacterial and fungal taxa but also gene functions, antimicrobial resistance genes, and virulence
factors. This may indicate that, regardless of the health status of human populations, the
microbial communities hosted by the lungs are likely mainly shaped by local exposomes and
environmental microfloras. Interestingly, they also found smoking and PM as additional host
and environmental factors strongly associated with microbiome profiles highlighting the impact
of pollutants on our airway microorganisms. Results also tended to mostly associate smoking
with bacterial taxa such as Atopobium, Actinomyces and Prevotella, corroborating with
previous studies finding some of these genera in higher abundance in smoker airways [6].
Conversely, their analysis revealed a close association of PM with fungal taxa such as
Cladosporium and Penicillium.

The authors also searched for associations between microbiome features, exposure, lung
function, and respiratory symptoms. Some expected positive correlations were primarily found
between smoking and PM concentration and loss of lung function. An appealing observation
from this study is that most of the microbiome signatures identified tend to mediate the
association between lung functions and smoking and PM concentration. More specifically,
several bacterial genera were inferred to mediate the association between smoking and lung
function while the interplay between PM and respiratory symptoms was found to mainly
involve fungal taxa.

Lin and colleagues next tried to identify some interactions between the microbiome and
exposure in relation with health outcomes. Among the prominent exposure-outcomes
associations revealed, Neisseria for bacteria and Aspergillus for the fungal counterpart stood
out as the main genera interacting with occupational pollution, especially linked to farmland
activities, and increased risk for a high respiratory symptom burden. This suggests that people
displaying airways with Neisseria and Aspergillus enrichment could be particularly susceptible
to occupational pollution and develop respiratory disorders.

Since the design of their study led to defining healthy airway microbiome signatures and
assessing its alteration in diseases, the authors developed a microbiome index indicating
respiratory health. For this purpose, they were notably inspired by a recently developed
predictive index for health status based on species-level gut microbiome profiling [7]. By
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extrapolating to public sputum microbiome datasets, they validated that this “airway
microbiome health index” consistently declined in individuals co-experiencing a greater set of
exposure factors and respiratory symptoms.

Overall, the new data reported by the research groups of Guan, Zheng, Sun, and Wang
obviously represent a major advance in the field of exposology [5]. Indeed, while the
investigations carried out in the past years have actively improved our knowledge concerning
the composition of the airway microbiome in specific settings of respiratory diseases or
exposure, how the airway microbiome underlies the interplay between exposome and
respiratory health remained unknown until now. By establishing a “healthy microbiome
signature”, they have characterised how the airway microbiome departs from a ‘normal’ state
when exposed to pollutants or due to disease.

Whilst previous studies have demonstrated the mycobiome is associated with chronic
respiratory diseases [8], to date, most of the studies dealing with the lung microbiome focused
on bacterial populations, far outnumbering those on the fungal communities. In this regard,
it must be admitted that this excellent study focusing on both bacterial and fungal counterparts
of the lung microbiome propels new avenues for apprehending an integrated role of fungi in
the interaction between toxicants and airway diseases.

Interestingly, all the data compiled in this enlightening article converge toward the unifying
evidence that transition from a healthy to a disease status of the airways is conditioned by
expansion in inter-kingdom interactions rather than variation in microbial diversity. This study
also clarifies that restructuration of bacterial and fungal lung populations is a driving force of
airway disease evolution and relies on the modulation of many cell processes such as two
component systems, secondary metabolism, drug resistance and virulence suggesting that
environmental sensing, stress adaptation, interspecies chemical interactions and pathogenic
attributes play pivotal roles in health outcome.

Beyond enriching our understanding of the airway disease pathophysiology, we can anticipate
that these discoveries will find applications in personalised diagnostics [9]. Indeed, the
individualised microbiome-based health index developed in the study has the potential to be
covaried with other factors, such as respiratory disease and smoking, and could be
generalisable to other datasets. Individual risk profiles based on the microbiome and additional
factors could inform treatment decisions on a personal, patient level - personalised medicine.
The presence of specific bacterial and fungal genera/species, coupled with other factors, have
the ability to modulate disease and its progression; precision treatment and prognosis
promises to develop novel therapeutic action in respiratory medicine. Naturally, the health
index could be used as a preventative measure; by assessing the exposome and environmental
risk one can guide intervention by offering preventative advice to adjust behaviour and limit
exposure. Future microbiome studies should also include fungi, as was done here, and with
the development of technologies for fungal detection it is becoming increasingly easier to do
so [10]. Finally, with the perspective of diagnostic standardisation, it could be of particular
interest to perform in the near future equivalent investigation on different
populations/localities for gaining insight into the variation of healthy and disease lung
microbiome profiles around the world.

Accepted manuscript



References

9.

Niedzwiecki MM, Walker DI, Vermeulen R, Chadeau-Hyam M, Jones DP, Miller GW. The Exposome: Molecules to Populations. Annu Rev
Pharmacol Toxicol. 2019 Jan 6;59:107-127. doi: 10.1146/annurev-pharmtox-010818-021315. Epub 2018 Aug 10. PMID: 30095351.
Gao P, Shen X, Zhang X, Jiang C, Zhang S, Zhou X, Schiissler-Fiorenza Rose SM, Snyder M. Precision environmental health monitoring
by longitudinal exposome and multi-omics profiling. Genome Res. 2022 Jun;32(6):1199-1214. doi: 10.1101/gr.276521.121. Epub 2022
Jun 6. PMID: 35667843; PMCID: PMC9248886.

Vermeulen R, Schymanski EL, Barabasi AL, Miller GW. The exposome and health: Where chemistry meets biology. Science. 2020 Jan
24;367(6476):392-396. doi: 10.1126/science.aay3164. PMID: 31974245; PMCID: PMC7227413.

Natalini JG, Singh S, Segal LN. The dynamic lung microbiome in health and disease. Nat Rev Microbiol. 2023 Apr;21(4):222-235. doi:
10.1038/s41579-022-00821-x. Epub 2022 Nov 16. PMID: 36385637; PMCID: PMC9668228.

LinL, YiX, LiuH, Meng R, Li S, Liu X, Yang J, Xu Y, Li C, Wang Y, Xiao N, Li H, Liu Z, Xiang Z, Shu W, Guan WJ, Zheng XY, Sun ], Wang
Z. The airway microbiome mediates the interaction between environmental exposure and respiratory health in humans. Nat Med. 2023
Jun 22. doi: 10.1038/s41591-023-02424-2. Epub ahead of print. PMID: 37349537.

Liu X, Sun W, Ma W, Wang H, Xu K, Zhao L, He Y. Smoking related environmental microbes affecting the pulmonary microbiome in
Chinese population. Sci Total Environ. 2022 Jul 10;829:154652. doi: 10.1016/j.scitotenv.2022.154652. Epub 2022 Mar 18.
PMID: 35307427.

Gupta VK, Kim M, Bakshi U, Cunningham KY, Davis JM 3rd, Lazaridis KN, Nelson H, Chia N, Sung J. A predictive index for health status
using species-level gut microbiome profiling. Nat Commun. 2020 Sep 15;11(1):4635. doi: 10.1038/s41467-020-18476-8. PMID:
32934239; PMCID: PMC7492273.

Tiew PY, Dicker AJ, Keir HR, Poh ME, Pang SL, Mac Aogain M, Chua BQY, Tan JL, Xu H, Koh MS, Tee A, Abisheganaden JA, Chew FT,
Miller BE, Tal-Singer R, Chalmers JD, Chotirmall SH. A high-risk airway mycobiome is associated with frequent exacerbation and mortality
in COPD. Eur Respir J. 2021 Mar 11;57(3):2002050. doi: 10.1183/13993003.02050-2020. PMID: 32972986.

Wouters EFM, Wouters BBREF, Augustin IML, Houben-Wilke S, Vanfleteren LEGW, Franssen FME. Personalised pulmonary rehabilitation
in COPD. Eur Respir Rev. 2018 Mar 28;27(147):170125. doi: 10.1183/16000617.0125-2017. PMID: 29592864; PMCID: PMC9488569.

10. Whiteside SA, McGinniss JE, Collman RG. The lung microbiome: progress and promise. J Clin Invest. 2021 Aug 2;131(15):e150473. doi:

10.1172/3CI150473. PMID: 34338230; PMCID: PMC8321564.

(A) (B)
HEALTHY
EXPOSOME LUNG RESPIRATORY AIRWAY
Metagenomics MICROBIOME Lung function HEALTH MICROBIOME
VW™ g
@ :. !|||l| Wl '+ Metagenomics’ { .
Wiy, 2 o
ok A e AN “I,’ (.co, o, d& -
o e 75 b.& -ASSOCIATED
E ) MICROBIOME
'G ' bl Respiratory symptoms P
o z N\ N
ASSOCIATION B ASSOCIATION \
LW o3 : = AIRWAY MICROBIOME
) JREVARS ) ) ) HEALTH INDEX
’ooN % f o4
S0 ko3 9& g
Shtn P - o, PERSONALIZED
Particulate matters, Statistical analysis Bacteria, molds, Statistical analysis Cough, asthma, DIAGNOSTICS
smoking, biofuel, Yyeasts, viruses, bronchietasis, and
microbes protozoa COPD MANAGEMENT
b4 —_— S —

Figure 1: Our microbiome mediates the interplay between environmental exposure and respiratory
health. (A) By using metagenomics and statistical analysis, Lin and colleagues initially found environmental
exposure associated with microbiome profiles. By searching for associations between microbiome features,
exposure, lung function, and respiratory symptoms, they also revealed positive correlations between
environmental exposure and loss of lung functions and showed that most of the microbiome signatures identified
tend to mediate these associations. (B) Lin and colleagues also developed a microbiome index indicating
respiratory health. By extrapolating to public sputum microbiome datasets, they validated that this “airway
microbiome health index” consistently declined in individuals co-experiencing a greater set of exposure factors
and respiratory symptoms. Whilst currently understudied, the host genome could also impact respiratory health
e.g. genetic susceptibility to allergies and asthma. Together, this represents of course a step forward toward
personalised diagnostics and management.
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