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The gut microbiota is often mentioned as a “forgotten organ” or “metabolic organ”, given its profound impact on
host physiology, metabolism, immune function and nutrition. A healthy diet is undoubtedly a major contributor for
promoting a “good” microbial community that turns out to be crucial for a fine-tuned symbiotic relationship with the

host. Meanwhile, diet is a key modifiable factor influencing the gut microbiota in several lung diseases.

diet gut microbiota gut-lung axis immune system lung function

nutrition respiratory health

| 1. The Human Gut Microbiota

The human microbiota aggregates an estimate of 100 trillion (1014) microbial cells that reside or colonise all body
surfaces and cavities exposed to the external environment, namely, skin, eyes, the urogenital system, and the
epithelial surfaces of the respiratory system and gastrointestinal tract (GIT) [I2IEI4] The highest microbial density,
by far, is found in the GIT (gut microbiota; 3.8 x 1013 bacteria in the colon), where a diverse microbial community

(bacteria, archaea, fungi and protists) resides, interacts with each other and the host 4&,

The adult human gut is predominantly colonised by two bacterial phyla, Firmicutes and Bacteroidetes, that
comprise over 90% of the total gut microbial communities, followed by other subdominant phyla such as

Actinobacteria, Proteobacteria and Verrucomicrobia B (Figure 1).
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Figure 1. Human gut microbiota: the five major bacterial phyla and their predominant genera, according to the
study by Qin et al. 2015 82,

2. Through the Intestinal Barrier: Microbiota-Immune System
Interactions

The interaction between host and both microbial antigens and microbial metabolites occurs through the single layer
of epithelial cells. These cells act as guardians and transmit key signals to the host cells. These interactions

influence immune responses and, ultimately, disease risk 212,

The intestinal barrier is home to presumably the largest pool of the immune cells in the human body. In fact, this is
expected as this is a place to encounter a vast community of microbes, toxins, metabolites and dietary components
BIALR2 Therefore, it is subject to a tight regulation in order to simultaneously optimise an efficient absorption of
nutrients, water and electrolytes from food and provide a barrier to prevent the passage of foreign antigens,
microorganisms and their toxins X3, The gut barrier is therefore controlled by fine-tuned immune system-—
microbiota interactions ensuring the right discrimination between harmful and harmless antigens and resulting in

adequate immune responses 21141,

The commensal microbiota plays a central role by reinforcing barrier immunity while protecting their own ecological
niche against opportunistic pathogens 131126 On the other hand, the immune system impacts the composition of
the gut microbiota BI14],

Even though there is a vast density of microbial cells in the gut, it is unusual for commensal bacteria to breach the
intestinal barrier, therefore avoiding tissue inflammation and microbial translocation and maintaining the mutualistic

relationship between host and the gut microbiota.

| 3. Diet and Gut Microbiota

iet has been considered a major environmental factor affecting gut microbiota composition. Pinpointing the exact
interactions between dietary components and microbiota might offer clues towards a better understanding of
disease pathogenesis, enabling improved strategies for prevention and treatment 2. The impact of single food
components (macronutrients and micronutrients), salt, food additives and dietary habits (vegan, vegetarian, gluten-
free, ketogenic, high sugar, low fermentable oligosaccharides, disaccharides, monosaccharides, and polyols
(FODMAP), Western-type and Mediterranean diets) on gut microbiota composition has been extensively covered in

a review by Rinninella et al. (18],

| 4. Diet, Gut Microbiota, Immune System and Lung Diseases

4.1. The Cross-Talk between the Gut and the Lungs: Long-Reaching Immune
Modulation
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The cross-talk between the gut and the lungs occurs through lymph and bloodstream circulatory systems and is
crucial for passing long-reaching “immunological information” between organs 122021 There seems to be a
“common mucosal response” where the effects exerted by the gut microbiota and their metabolites on the intestinal
mucosal immunity influence the immune response at distal mucosal sites, such as the lungs 2122231 The exact
mechanisms by which the gut impacts on lung immune responses, although not fully understood, include systemic
propagation of bacterial-derived components (e.g., LPS), metabolites (e.g., SCFAs) and migrating immune cells 24
[211[251[26]127]  The interactions within gut-lung axis are bidirectional as the lung can also influence the gut, for

instance, by lymphocyte migration and inflammatory cytokines [ (Figure 2).
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Figure 2. In homeostasis, microbe-associated molecular patterns (MAMPS) from the gut microbiota are recognised
by pattern recognition receptors (e.g., Toll-like receptors (TLRs)) and induce antigen presenting cells (APCs), such
as macrophages and dendritic cells (DC), to produce interleukins (e.g., IL- 1B and IL-10) to regulate immune
responses by different subsets of T cells, neutrophils and macrophages, among others. Activated APCs induce
differentiation of naive CD4" T cells into CD4"* regulatory T cells (Treg) (which are crucial for both maintaining
tolerance to commensal microbiota and regulating other immune cells), and other effector T cells such as Thl or

Th17 (expressing cytokines, e.g., IL-17 and interferon gamma (IFNy)) with a central role in host defence against
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invading pathogens, while controlling the expansion of commensals. Microbial cells or their products in the lamina
propria are either phagocytosed and eliminated or transferred to mesenteric lymph nodes (MLN) by APCs, where
they induce differentiation of the T and B cells. Activated B and T cells move back (black dashed arrows) to the
intestinal mucosa to directly act on their target or to continue to trigger other immune cells. The majority of
activated B cells differentiate into immunoglobulin A (IgA)-producing plasma cells. Bacterial metabolites, such as
short-chain fatty acids (SCFAs), and expression of antimicrobial peptides (e.g., Regllly) by epithelial cells (induced
by TLR activation by MAMPSs) reinforce the intestinal barrier integrity. Proposed pathways of the gut—lung axis that
would explain the impact of the gut microbiota on the lung immunity include the migration of: (1) activated T and B
cells from the MLN to distal sites such as the lung epithelium and lung lymph nodes, through lymph and blood; (2)
microbial products and metabolites or surviving bacteria from the intestinal mucosa to the lung, through systemic
propagation by lymph and blood circulations. Although not yet well established in the literature, the other way
around has been proposed as well (from lung to gut), with the lung microbiota exerting effects in the intestinal

mucosa. Scheme based on Bingula et al. 2],

SCFAs, mainly propionate, acetate and butyrate, resulting from the fermentation of undigested soluble dietary
fibres by the gut microbiota, are important immunomodulatory metabolites and their role has been extensively
explored in the gut—lung axis. SCFAs mostly exert anti-inflammatory effects in the intestine by modulating epithelial
and immune cell functions through the activation of G protein-coupled receptors 41, 43 and 109A (GPR41, GPR43
and GPR109A) and the inhibition of histone deacetylases 22281, The direct role of SCFAs in the lungs is most
likely not substantial as circulating SCFAs do not seem to accumulate in the airways and there is no significant

production of SCFAs in place.

In addition, the migration of immune cells from the gut to the lungs as well as MAMPs seem to be other important
players in the long-reaching immune interactions 28, The immune cells group 2 innate lymphoid cells (ILC2s)
migrate from the intestinal lamina propria to the lungs, where they support anti-helminth defence and tissue repair,

during infection in mice 22,

4.2. The Diet-Gut-Lung Axis in Lung Diseases: Asthma, Chronic Obstructive Pulmonary
Disease and Cystic Fibrosis

4.2.1. Asthma

A recent analysis integrating dietary, microbiome and plasma metabolomics into an evaluation of the intestinal
metabolome in 361 3-year old-children in the USA, revealed inverse associations between asthma and intestinal
polyunsaturated fatty acids (PUFAs), which are likely representing dietary PUFAs both in excess of the amount
absorbed in the small intestine and non-metabolised by the gut microbiota. Intestinal PUFAs inversely correlated
with the asthma-associated intestinal microbiome. Furthermore, a diet rich in fried and processed meats was linked

with asthma and with asthma-associated intestinal metabolites 29

4.2.2. Chronic Obstructive Pulmonary Disease

https://encyclopedia.pub/entry/11267 4/8



Diet, Gut Microbiota, and Lung | Encyclopedia.pub

The high intake of dietary fibre has been recently suggested to become a therapeutic intervention in COPD as a
mean to reduce chronic airway inflammation by promoting a healthy gut microbiota and increased SCFA production
(31 | ately, a prospective cohort study of 35,339 Swedish women found long-term (10 years) high fibre intake (from
cereal and fruit but not vegetable sources) to be linked with a 30% lower risk of COPD [22l. Accordingly, the above-

mentioned Australian study reported a lower dietary fibre intake in COPD subjects, compared to healthy controls
133,

4.2.3. Cystic Fibrosis

Recently, the nutrient intake and adherence to dietary recommendations were assessed in 76 CF Greek children
and adolescent. Despite an optimal adherence to the energy and fat recommendations for this disease, most of the
subjects had a low intake of carbohydrates and fibres and revealed a poor adherence to the Mediterranean diet

(341 This implies that there is still room to improve diet quality in CF in order to improve pulmonary function 341331,

| 5. Perspectives

Diet is a readily modifiable factor influencing the gut microbiota. Research focusing on how the gut—lung axis acts
on local and systemic immunity and the subsequent effects on human health is still in its infancy. Increasing recent
evidence starts to unveil the impact of both nutrition and gut microbiota in the respiratory function. A diet rich in
fibres, such as the Mediterranean diet, promotes a healthy gut microbiota composition, enhancing production of
SCFAs, like butyrate. The beneficial impact on gut microbiota and its metabolites improves lung function in
numerous diseases, such as asthma or COPD, by reducing local and systemic inflammation. The diet itself
appears to modulate directly the lung microbiota as well. Importantly, diet is one of the most readily accessible
interventions for everyone to prevent and/or ameliorate a wide range of diseases. For this fact and from the
accumulating scientific evidence, we conclude that diet and nutrition should not be neglected when one talks about

respiratory diseases.

Besides diet, probiotic intake and other factors to manipulate the gut microbiota, microbial products or metabolites
could be possibly used in the clinic to favour a healthy state. Probiotics may be cost-effective regarding prevention
and treatment of some diseases; however, since they usually fall into the regulatory category of food or dietary
supplements 28 they are not affordable to everyone. Moreover, the experimental evidence to support label health
claims for probiotics are usually very challenging to provide, as there are very variables to consider: specific

species, strain or dose of probiotics, duration of both treatment and effects, different host response, etc. 837,

Besides this, other components of the gut microbiota should be explored in future studies, specifically the
mycobiota and virome, which are currently largely unexplored. Their role in the gut—lung axis should be examined

with the aim of finding new therapeutic strategies to improve lung diseases.

https://encyclopedia.pub/entry/11267 5/8



Diet, Gut Microbiota, and Lung | Encyclopedia.pub

References

1.

10.

11.

12.

13.

14.

15.

Sekirov, I.; Russell, S.L.; Antunes, L.C.M.; Finlay, B.B. Gut Microbiota in Health and Disease.
Physiol. Rev. 2010, 90, 859-904.

. Ley, R.E.; Peterson, D.A.; Gordon, J.I. Ecological and Evolutionary Forces Shaping Microbial

Diversity in the Human Intestine. Cell 2006, 124, 837—-848.

. Ostaff, M.J.; Stange, E.F.; Wehkamp, J. Antimicrobial peptides and gut microbiota in homeostasis

and pathology. EMBO Mol. Med. 2013, 5, 1465-1483.

. Sender, R.; Fuchs, S.; Milo, R. Revised Estimates for the Number of Human and Bacteria Cells in

the Body. PLoS Biol. 2016, 14, e1002533.

. Cani, P.D. Human gut microbiome: Hopes, threats and promises. Gut 2018, 67, 1716-1725.

. Qin, J.; Li, R.; Raes, J.; Arumugam, M.; Burgdorf, K.S.; Manichanh, C.; Nielsen, T.; Pons, N.;

Levenez, F.; Yamada, T.; et al. A human gut microbial gene catalogue established by
metagenomic sequencing. Nature 2010, 464, 59-65.

. Arumugam, M.; Raes, J.; Pelletier, E.; Le Paslier, D.; Yamada, T.; Mende, D.R.; Fernandes, G.R.;

Tap, J.; Bruls, T.; Batto, J.M.; et al. Enterotypes of the human gut microbiome. Nature 2011, 473,
174-180.

. Qin, N.; Zheng, B.; Yao, J.; Guo, L.; Zuo, J.; Wu, L.; Zhou, J.; Liu, L.; Guo, J.; Ni, S.; et al.

Influence of H7N9 virus infection and associated treatment on human gut microbiota. Sci. Rep.
2015, 5, 14771.

. Goodman, B.; Gardner, H. The microbiome and cancer. J. Pathol. 2018, 244, 667—676.

Rooks, M.G.; Garrett, W.S. Gut microbiota, metabolites and host immunity. Nat. Rev. Immunol.
2016, 16, 341-352.

Mowat, A.M.; Agace, W.W. Regional specialization within the intestinal immune system. Nat. Rev.
Immunol. 2014, 14, 667—685.

Bain, C.C.; Mowat, A.M. Macrophages in intestinal homeostasis and inflammation. Immunol. Rev.
2014, 260, 102-117.

Groschwitz, K.R.; Hogan, S.P. Intestinal barrier function: Molecular regulation and disease
pathogenesis. J. Allergy Clin. Immunol. 2009, 124, 3-20, quiz 21-2.

Hooper, L.V.; MacPherson, A.J. Immune adaptations that maintain homeostasis with the intestinal
microbiota. Nat. Rev. Immunol. 2010, 10, 159-169.

Belkaid, Y.; Hand, T.W. Role of the Microbiota in Immunity and Inflammation. Cell 2014, 157, 121—
141.

https://encyclopedia.pub/entry/11267 6/8



Diet, Gut Microbiota, and Lung | Encyclopedia.pub

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Tsolis, R.M.; Badumler, A.J. Gastrointestinal host-pathogen interaction in the age of microbiome
research. Curr. Opin. Microbiol. 2020, 53, 78-89.

Moschen, A.R.; Wieser, V.; Tilg, H. Dietary Factors: Major Regulators of the Gut’s Microbiota. Gut
Liver 2012, 6, 411-416.

Rinninella, E.; Cintoni, M.; Raoul, P.; Lopetuso, L.R.; Scaldaferri, F.; Pulcini, G.; Miggiano, G.A.D.;
Gasbarrini, A.; Mele, M.C. Food Components and Dietary Habits: Keys for a Healthy Gut
Microbiota Composition. Nutrients 2019, 11, 2393.

Bingula, R.; Filaire, M.; Radosevic-Robin, N.; Bey, M.; Berthon, J.-Y.; Bernalier-Donadille, A.;
Vasson, M.-P.; Filaire, E. Desired Turbulence? Gut-Lung Axis, Immunity, and Lung Cancer. J.
Oncol. 2017, 2017, 1-15.

He, Y.; Wen, Q.; Yao, F.; Xu, D.; Huang, Y.; Wang, J. Gut—lung axis: The microbial contributions
and clinical implications. Crit. Rev. Microbiol. 2017, 43, 81-95.

Anand, S.; Mande, S.S. Diet, Microbiota and Gut-Lung Connection. Front. Microbiol. 2018, 9,
2147.

McGhee, J.R.; Fujihashi, K. Inside the Mucosal Immune System. PLoS Biol. 2012, 10.

Date, Y.; Ebisawa, M.; Fukuda, S.; Shima, H.; Obata, Y.; Takahashi, D.; Kato, T.; Hanazato, M.;
Nakato, G.; Williams, I.R.; et al. NALT M cells are important for immune induction for the common
mucosal immune system. Int. Immunol. 2017, 29, 471-478.

Budden, K.F.; Gellatly, S.L.; Wood, D.L.A.; Cooper, M.A.; Morrison, M.; Hugenholtz, P.; Hansbro,
P.M. Emerging pathogenic links between microbiota and the gut—lung axis. Nat. Rev. Microbiol.
2017, 15, 55-63.

Dang, A.T.; Marsland, B.J. Microbes, metabolites, and the gut-lung axis. Mucosal. Immunol. 2019,
12, 843-850.

Enaud, R.; Prevel, R.; Ciarlo, E.; Beaufils, F.; Wieérs, G.; Guery, B.; Delhaes, L. The Gut-Lung
Axis in Health and Respiratory Diseases: A Place for Inter-Organ and Inter-Kingdom Crosstalks.
Front. Cell. Infect. Microbiol. 2020, 10, 9.

Zhang, D.; Li, S.; Wang, N.; Tan, H.-Y.; Zhang, Z.; Feng, Y. The Cross-Talk Between Gut
Microbiota and Lungs in Common Lung Diseases. Front. Microbiol. 2020, 11, 301.

Bilotta, A.J.; Cong, Y. Gut microbiota metabolite regulation of host defenses at mucosal surfaces:
Implication in precision medicine. Precis. Clin. Med. 2019, 2, 110-1109.

Huang, Y.; Mao, K.; Chen, X.; Sun, M.-A.; Kawabe, T.; Li, W.; Usher, N.; Zhu, J.; Urban, J.F.; Paul,
W.E.; et al. S1P-dependent interorgan trafficking of group 2 innate lymphoid cells supports host
defense. Science 2018, 359, 114-119.

https://encyclopedia.pub/entry/11267 7/8



Diet, Gut Microbiota, and Lung | Encyclopedia.pub

30.

31.

32.

33.

34.

35.

36.

37.

Lee-Sarwar, K.A.; Kelly, R.S.; Lasky-Su, J.; Zeiger, R.S.; O’'Connor, G.T.; Sandel, M.T.; Bachatrier,
L.B.; Beigelman, A.; Laranjo, N.; Gold, D.R.; et al. Integrative analysis of the intestinal
metabolome of childhood asthma. J. Allergy Clin. Immunol. 2019, 144, 442-454.

Vaughan, A.; Frazer, Z.A.; Hansbro, P.; Yang, I.A. COPD and the gut-lung axis: The therapeutic
potential of fibre. J. Thorac. Dis. 2019, 11, S2173-S2180.

Szmidt, M.K.; Kaluza, J.; Harris, H.R.; Linden, A.; Wolk, A. Long-term dietary fiber intake and risk
of chronic obstructive pulmonary disease: A prospective cohort study of women. Eur. J. Nutr.
2020, 59, 1869-1879.

Bowerman, K.L.; Rehman, S.F.; Vaughan, A.; Lachner, N.; Budden, K.F.; Kim, R.Y.; Wood, D.L.A;;
Gellatly, S.L.; Shukla, S.D.; Wood, L.G.; et al. Disease-associated gut microbiome and
metabolome changes in patients with chronic obstructive pulmonary disease. Nat. Commun.
2020, 11.

Poulimeneas, D.; Grammatikopoulou, M.G.; Devetzi, P.; Petrocheilou, A.; Kaditis, A.G.;
Papamitsou, T.; Doudounakis, S.E.; Vassilakou, T. Adherence to Dietary Recommendations,
Nutrient Intake Adequacy and Diet Quality among Pediatric Cystic Fibrosis Patients: Results from
the GreeCF Study. Nutrients 2020, 12, 3126.

Gutiérrez-Carrasquilla, L.; Sanchez, E.; Hernandez, M.; Polanco, D.; Salas-Salvado, J.; Betriu, A.;
Gaeta, A.M.; Carmona, P.; Purroy, F.; Pamplona, R.; et al. Effects of Mediterranean Diet and
Physical Activity on Pulmonary Function: A Cross-Sectional Analysis in the ILERVAS Project.
Nutrients 2019, 11, 329.

Day, R.L.; Harper, A.J.; Woods, R.M.; Davies, O.G.; Heaney, L.M. Probiotics: Current landscape
and future horizons. Futur. Sci. OA 2019, 5.

Anderson, J.L.; Miles, C.; Tierney, A.C. Effect of probiotics on respiratory, gastrointestinal and
nutritional outcomes in patients with cystic fibrosis: A systematic review. J. Cyst. Fibros. 2017, 16,
186-197.

Retrieved from https://encyclopedia.pub/entry/history/show/26637

https://encyclopedia.pub/entry/11267 8/8



