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Pulmonary disease represents a substantial global health burden. Increased air pollution, especially fine particulate matter (PM2.5) is the most concerned proportion of air pollutants to respiratory health. PM2.5 may carry or combine with other toxic allergens and heavy metals, resulting in serious respiratory allergies and anaphylactic reactions in the host. Available treatment options such as antihistamines, steroids, and avoiding allergens/dust/pollutants could be limited due to certain side effects and immense exposure to air pollutants, especially in most polluted countries. In this mini-review, we summarized how PM2.5 triggers respiratory hyperresponsiveness and inflammation, and the probiotic Lactiplantibacillus plantarum supplementation could minimize the risk of the same. L. plantarum may confer beneficial effects in PM2.5-associated pulmonary inflammation due to significant antioxidant potential. We discussed L. plantarum’s effect on PM2.5-induced reactive oxygen species (ROS), inflammatory cytokines, lipid peroxidation, and DNA damage. Available preclinical evidence shows L. plantarum induces gut-lung axis, SCFA, GABA, and other neurotransmitter signaling via gut microbiota modulation. SCFA signals are important in maintaining lung homeostasis and regulating intracellular defense mechanisms in alveolar cells. However, significant research is needed in this direction to contemplate L. plantarum’s therapeutic potential in pulmonary allergies.
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1 Introduction

Pulmonary diseases have been associated with substantial mortality and morbidity. Globally, around 545 million people live with chronic pulmonary conditions and may be vulnerable to premature mortality (Soriano et al., 2020). Asthma, chronic obstructive pulmonary disease (COPD), acute pulmonary infections, tuberculosis, and lung cancer remain the leading respiratory diseases (Ferkol and Schraufnagel, 2014). Inflammation is one of the most preliminary hallmarks associated with several pulmonary diseases. Airborne pollutants can aggravate airway defense mechanisms and induce the secretion of various primary innate defensive substances such as defensins, lysozymes, mucins, nitric oxide, and siderophores. Particulate matter size 2.5 μm (PM2.5) are most subtle air pollutant category, associated with the increasing burden of multiple health conditions including asthma, acute pulmonary distress, chronic obstructive pulmonary disease, and lung cancer. However, when epithelial cells and innate immune cells such as dendritic cells, eosinophils, macrophages, mast cells, monocytes, neutrophils, and natural killer cells eliminate airborne particles; inflammatory mediators cytokines such as interleukin-6 (IL-6), tumor necrosis factor (TNF) and reactive oxygen species (ROS) also produced along with (Li et al., 2018; Racanelli et al., 2018; Keulers et al., 2022). Recent findings indicated PM2.5’s potential role in COVID-19 pandemic and monkeypox exacerbation (Renard et al., 2022; Meo et al., 2023).

As per recent updates from the WHO, the world’s 99% population lives in areas where air quality has exceeded acceptable standards. Noticeably maximum proportion of this population belongs to less-developed countries (Gupta et al., 2022). High level of air pollutants such as PM2.5 may put the global population at substantial risk of respiratory disease (Lim et al., 2020). PM2.5 has a large surface area which may facilitate the carriage of other biological, chemical, and metallic hazardous compounds such as heavy metals. PM2.5 can accumulate deep into the lungs prompting local inflammation along with jeopardized lung functions, further, PM2.5 may relocate to other parts of the body through air exchange in the lungs, and trigger intracellular oxidative stress, mutagenicity and subsequently multiple medical anomalies, Figure 1A (Xing et al., 2016; Li et al., 2023). Especially, heavy metals in PM2.5 may cause high production of immunoglobulin E (IgE), IL-4, and IL-13 and immune dysregulation which trigger serious inflammatory responses (Zahedi et al., 2021). PM2.5-associated pulmonary allergies could be more serious compared to other allergens such as ovalbumin, pollens, and dust mites which usually involve type 1 T helper (Th1) and type 2 T helper (Th2) polarization. Exposure to high concentrations of PM2.5 may alter human microbiota profile and perturb gut-lungs (Gupta et al., 2022).




Figure 1 | (A) PM2.5 derived lung inflammation and disturbed Gut-lung Axis: Inhalation of particulate pollutants (A); Interaction and accumulation PM2.5 with pulmonary epithelial cells (B); PM2.5 may contain a variety of pollutants such as heavy metals which absorb in alveolar cells (B1); accumulated pollutant trigger TLR associated inflammation, induced by excess production of ROS, change in mRNA expression and inflammatory cytokines, which facilitate WBCs and IgE recruitment (B2); excess recruitment of immune cells and histamine cause localized inflammation (B3); PM2.5 can translocate to other organs via pulmonary vein (B4); translocated PM2.5 may cause inflammation or damage to other organs (C) and altered gut microbiota composition, and disturbed Gut-lung and gut-organ specific (D). (B) Chemokines Response: PM2.5 and Polycyclic aromatic hydrocarbons (PAHs) triggered IL-8 and neutrophil deposition into lungs cells.



Pulmonary inflammation treatment is symptoms specific, usually exerting oral H1-antihistamines, immunotherapy, avoidance of environmental triggers, and even surgery in some rare cases. So far, steroids (corticosteroids) are frequently used as anti-inflammatory drugs employed for most of pulmonary complications including all types of asthma, allergic bronchopulmonary aspergillosis, hemangioma of trachea, and laryngotracheobronchitis. However, adverse effects and limitation of available treatment has been a major challenge so far (Sethi and Singhal, 2008; Meltzer et al., 2010) For instance, steroids have been frequently administered during COVID-19 pandemic, but effectiveness and the risk of routinely uses were skeptical (Waterer and Rello, 2020; Thakur et al., 2022). Severe immune suppression and related secondary infections such as black fungus incidences have also been observed during the delta variant of COVID-19 pandemic in India (Boretti, 2022). Moreover, corticosteroid resistance is a major concern among asthma and COPD patients (Barnes, 2013). Thus, the possibility of more treatment options could be important for the better management of respiratory ailments. Approaches such as phosphodiester (PDEs) enzyme inhibitors may be beneficial in chronic obstructive pulmonary disease (COPD) and asthma, especially Roflumilast-n-oxide has been approved as the add-on standard drug for the treatment of severe COPD. Other diverse organic compounds such as glutathione, tocopherol, flavonoids, essential oils volatile constituents may serve as natural antioxidants and reduce cellular oxidative stress by regulating ROS production which could be helpful in the management of subacute and chronic pulmonary oxidant stress (Christofidou-Solomidou and Muzykantov, 2006; Page and Spina, 2012; Horváth and Ács, 2015).

Growing evidence suggests the human microbial community such as gut and respiratory microbiota may play a pivotal role in lung homeostasis. Since lungs were previously considered sterile, recent studies showed the presence of a specific respiratory microbiome (Wypych et al., 2019; Gupta et al., 2022; Alsayed et al., 2023). Compelling outcomes showed that targeting gut microbiota in pulmonary ailments may be beneficial (Mahooti et al., 2020; Shahbazi et al., 2020). Preclinical and clinical trials suggest probiotic administration may reduce the risk of pulmonary infection (Wang et al., 2016). Mainly Lactobacillus spp, such as Lactiplantibacillus plantarum or Lactobacillus plantarum (LBP), role in pulmonary diseases has been discussed (Chong et al., 2019). However, the role of probiotics LBP in PM2.5 derived pulmonary allergies and inflammation is less understood as related research are scant so far. Thus, this short review discusses the putative role of LBP based probiotics in PM2.5 triggered airway inflammation and allergies.




2 PM2.5 induced airway inflammation

Pulmonary diseases have a strong correlation with fine particulate matter (PM2.5). Other air pollutants such as volatile organic compounds (VOCs), ozone, nitrogen oxide, sulfur dioxide, carbon monoxide, dioxins, polycyclic aromatic hydrocarbons (PAHs), heavy metals, biological antigens, dust may also trigger an immediate pulmonary anaphylactic reaction and poisoning (Duan and Tan, 2013; Manisalidis et al., 2020). But ultrafine particulate pollutants can be diffused in into the lungs alveolar and other regions. Despite physiological barriers like the nose itself which is a very efficient filter for ultrafine particles, many harmful air pollutants are able to infiltrate as not properly eliminated by mucociliary and macrophage-mediated mechanisms. Escaped air pollutants are potentially taken up by epithelial cells and may translocate to other organs via blood circulation and lymphatic system (Elder and Oberdörster, 2006). Most air pollution proportion is predominantly linked with particulate matter (PM) pollutants, ranging from 0.1 to 2.5 μm in diameter (PM0.1 and PM2.5). These pollutants can penetrate the pulmonary tract, accumulate within host cells, and induce cellular oxidative stress by increasing Reactive Oxygen Species (ROS) production in alveolar cells (Mazuryk et al., 2020). In addition, particulate pollutants can induce complex immune inflammatory response directly but molecular pathway of airway inflammation related lung damage has not been clearly understood so far (Esposito et al., 2014).

Pulmonary inflammation may be one of the preliminary responses associated with PM air pollutant inhalation. Long-term and excessive PM deposition may provoke hyper-responsiveness of the immune cells such as neutrophils and macrophages. Preclinical findings show pro-inflammatory chemokines such as IL-8 are mainly responsible for neutrophil recruitment into lung cells, Figure 1B. Similarly, macrophages may secrete chemokines into the epithelial lining fluid which may further interact with inhaled particulate matter and provoke localized deposition of neutrophils (Seagrave, 2008). Studies show that IL-8 is one of the important chemokines in air pollutant-induced airway inflammation (Watanabe et al., 2015; Kurai et al., 2018).

Thus, PM2.5 can be a serious environmental trigger, responsible for exacerbated immune response and inflammation of pulmonary cells, involving excess recruitment of white blood cells, immunoglobulin (IgE), and histamine release, Figure 1A. Aggregated lymphocytes lead inhibitions of cytokines INF-r and TGF-β; consequently IL-4, IL-5, IL-13, and IL-17a levels increased. PM2.5-induced inflammation may involve Toll-like receptors (TLR2/TLR4), increased production of reactive oxygen species (ROS), overproduction of inflammatory cytokines, lipid peroxidation, and DNA damage followed by cell damage.Lungs exposed to PM2.5 may undergo cellular oxidative damage and reduced level of antioxidants Glutathione/oxidized glutathione ratio and increased 3-nitrotyrosine, 4-hydroxynonenal levels increased (Wang et al., 2019). PM2.5 is also able to alter mRNA expression and inflammation-related (IL-6, IL-10, and IL-1β) genes in other parts of the human body such as the colon (Xie et al., 2022).




3 PM2.5 associated asthma and allergic rhinitis

Particulate pollutants can exacerbate asthma. There is a significant association between asthma and poor air quality (Tiotiu et al., 2020). In particular, asthmatic children are more susceptible to air pollution. The mechanisms of particulate matter and other air pollutant-induced asthma are less understood (Madaniyazi and Xerxes, 2021). Recent findings indicate PM may combine with other contaminants and allergens such as bacterial cell components lipopolysaccharide (LPS) and provoke pulmonary inflammatory response. Inflammatory factors such as TLRs 2 are in human alveolar macrophages activated by the combination of particulate pollutants and bacterial cell constituents (Esposito et al., 2014). Epigenetic alteration such as abnormal DNA methylation is also linked with asthma, and air pollutants such as PM2.5, and PAHs may cause alteration in DNA methylation on cytosine-guanine dinucleotide bond site (Rider and Carlsten, 2019; Bontinck et al., 2020). We have discussed that PM can also amplify allergens and trigger allergic rhinitis (Li et al., 2023). It is noticeable that PM2.5 does not act as an allergen but could interact with other allergic constituents like pollens, and microbial cells and accelerate their allergic capacity. For instance, ragweed and birch trees exposed to higher concentrations of air pollutants produce more allergens (Eguiluz-Gracia et al., 2020). In animal studies, it has been observed that particulate pollutants can also stimulate the other cytokines IL-33 and Th2-associated cytokines such as IL-4, IL-5, and IL-13 in alveolar cells. In allergy-sensitive individuals, specific development of IgE antibodies against pollutant-amplified allergens was observed. IgE antibodies associated with mast and other cells may cause a strong anaphylactic response during re-exposure to the same allergens and particulate pollutants resulting in several vasoactive and inflammation mediator agents such as histamine, prostaglandins, sulfidopeptide leukotrienes release from mast cells which cause immediate itching, runny nose, and vascular congestion (Naclerio et al., 2020), a potential mechanism given in Figure 2.




Figure 2 | Air pollutant -associated asthma and allergic rhinitis exacerbation (A). Comparative depiction of PM2.5 associated pulmonary inflammation and probiotics role: PM2.5 ligands bind with TLR and provoke ROS overproduction and alteration in mRNA expression which produces inflammatory cytokines (1); while probiotic supplementation induces the PM2.5 ligands and reduces the production of ROS, induce gut-lung axis induces intracellular defense system and activate Nrf2 which regulates mRNA expression and produces anti-inflammatory cytokines (2) (B). Outcomes from recent clinical trials showed a probiotic positive effect on pulmonary function in asthmatic patients (C).






4 Probiotic effect on PM2.5 triggered Inflammation

The probiotic role in pulmonary ailments and inflammation has been discussed recently. Probiotics’ effect on PM2.5-associated pulmonary inflammation mainly involves gut microbiota modulation, which facilitates several protective pathways such as direct neutralization of particulate matter, oxidative stress removal, and induced cellular defense system. Probiotic bacteria, such as Lactobacillus acidophilus, and Bifidobacterium lactis have considerable capacity to bind the constituents of PM2.5 such as benzo(a)pyrene, combination with anti-oxidant vitamin C and E, and the anti-inflammatory docosahexaenoic acid alleviate PM2.5 antigenicity (Panebianco et al., 2019; Chiu et al., 2023). Mainly Lactobacillus spp. seems an important probiotic agent to eliminate pulmonary inflammation hallmarks. For instance, Lactobacillus paracasei HB89, Lactobacillus casei HY2782, and Bifidobacterium lactis HY8002 were able to reduce PM2.5-induced total white blood cell count, IL- 4, IL-5, IL-13, IL-17a level, ROS, activated superoxide dismutase and catalase activity in and in animal models, Figure 2 (Lin et al., 2020; Nam et al., 2020).




5 L. plantarum supplements induced gut-lung axis

Compelling evidence suggests that gut microbiota plays a key role in regulating multi-axis relations to maintain human physiology including respiratory health. However, the composition of gut microbiota could be altered by atmospheric triggers such as particulate matter. Altered gut microbiota or microbial dysbiosis may also contribute to pulmonary diseases by interrupted gut-lung axis. The probiotic role has been the most promising agent to treat gut microbial dysbiosis and associated health risks. Interestingly, probiotics can directly facilitate the remediation of several pollutants such as heavy metals and Perfluorobutane sulfonate (Liu et al., 2020; Arun et al., 2021).

Recent clinical trials showed probiotics can improve pulmonary function in asthmatic patients. A study on 422 children, showed probiotic Ligilactobacillus salivarius LS01 (DSM 22775) and Bifidobacterium breve B632 (DSM 24706) mixture improved gut microbiota composition and reduced the number of asthma exacerbations when administered orally for 8 weeks, Figure 2C (Drago et al., 2022). Probiotic bacteria such as L. plantarum exert significant antioxidant potential and have shown promising outcomes against altered gut microbiota and oxidative stress. Cell constituents of L. plantarum such as exopolysaccharides (EPS) work as antioxidant agents and decrease the level of ROS directly (Angelin and Kavitha, 2020). Recent findings suggest L. plantarum can modulate the gut microbiota and maintain the gut as well as lung homeostasis. L. plantarum rebuilds the gut-organ-specific axis via SCFA and GABA signaling. SCFAs are the most important signal produced by the gut microbiota; SCFAs help to activate transcription factor nuclear factor erythroid 2-related factor 2 (Nrf2) which facilitates the intracellular antioxidant and anti-inflammatory pathway to minimize inflammatory hallmarks in damaged pulmonary cells (González-Bosch et al., 2021; Singh et al., 2022). Several strains of L. plantarum have shown promising effects against several airborne microbes, allergens, and air pollutants such as particulate matter, Table 1.


Table 1 | Probiotic L. plantaram strains pulmonary protective effects against several airborne contaminants and air pollutants.



Modulated gut microbiota and its product SCFAs appear an important link between host immune defenses and gut flora (Sun et al., 2021). SCFAs’ role in lung health is important, presence of SCFAs in sputum confirms a connection between the gut and the lungs; thus, decreased levels of SCFAs may affect pulmonary immunity (Kotlyarov, 2022). Compromised SCFA may influence the overall homeostasis of the respiratory system and increase the risk of COPD, asthma, COVID-19, tuberculosis, and other infectious diseases (Ashique et al., 2022). A recent study shows SCFAs such as acetate, butyrate, and propionate administration may augment antiviral immunity and reduce virus load in rhinoviruses infected lung epithelial cell lines (Antunes et al., 2023). On the other hand, Gamma-aminobutyric acid type A receptors (GABAA-Rs) play a key role in neurodevelopment and neurotransmission in the central nervous system but also express by immune system. The activation of GABAA-Rs on innate immune system cells dendritic, macrophages, and natural killer (NK) cells may reduce inflammatory activities. GABA inhibits human immune cell secretion of many pro-inflammatory cytokines and chemokines associated with COVID-19 infection (Singh, and Rao, 2021; Tian et al., 2022). Thus L. plantarum supplementation associated induced SCFAs and GABA level may modulate the lungs homeostasis and immune response.




6 Conclusion and perspective

Add-on treatment options such as probiotic L. plantarum supplementation may be a helpful approach to managing the high risk of pulmonary ailments due to increasing air pollution. We have discussed that particulate matter has been the most concerned proportion of air pollutants associated with a substantial risk of respiratory ailments including asthma and COPD. In addition, PM2.5 amalgamation with allergens and heavy metals may trigger an immediate anaphylactic response. Reduction in atmospheric particulate matter and associated health risks has been an arduous challenge for years. Available treatment options are limited and show serious contraindications. In highly polluted, less developed countries, the risk of PM2.5-associated pulmonary ailments and allergies could be more serious due to less access to health facilities. Limited but important preclinical evidences show probiotic LBP supplementation can modulate the gut microbiota significantly and eliminate inflammatory hallmarks such as ROS, pro-inflammatory cytokines in alveolar cells and prevent airway inflammatory disorders like asthma, COPD, and rhinitis. We concluded that probiotic LBP supplementation could be an accessible and safe option to augment the existed treatment of pulmonary inflammation due to high PM2.5 exposure. However, considerable research is needed to understand the insight of probiotic L. plantarum in respiratory diseases.





Author contributions

NG: Conceptualization, Data curation, Investigation, Writing – original draft. NA: Data curation, Formal analysis, Writing – review & editing. SA: Supervision, Visualization, Writing – review & editing. MA: Final Verification and Proofreading.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The current work was assisted financially to the Dean of Science and research at King Khalid University via the Group Project under grant number RGP. 1/137/44.




Acknowledgments

We are grateful to Dr. Agarwal, R K Singhal and SK Jindal, R&D, River Engineering Pvt. Lt, Greater Noida, India for providing basic research facilities. Authors extend their appreciation to the Deanship of Scientific Research at King Khalid University for funding this work through Group Project under grant number RGP. 1/137/44.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

 Alsayed, A. R., Abed, A., Khader, H. A., Al-Shdifat, L. M. H., Hasoun, L., Al-Rshaidat, M. M. D., et al. (2023). Molecular accounting and profiling of human pulmonaryMicrobial communities: toward precision medicine by targeting the pulmonaryMicrobiome for disease diagnosis and treatment. Int. J. Mol. Sci. 24 (4), 4086. doi: 10.3390/ijms24044086

 Angelin, J., and Kavitha, M. (2020). Exopolysaccharides from probiotic bacteria and their health potential. Int. J. Biol. Macromol. 162, 853–865. doi: 10.1016/j.ijbiomac.2020.06.190

 Antunes, K. H., Singanayagam, A., Williams, L., Faiez, T. S., Farias, A., Jackson, M. M., et al. (2023). Airway-delivered short-chain fatty acid acetate boosts antiviral immunity during rhinovirus infection. J. Allergy Clin. Immunol. 151 (2), 447–457. doi: 10.1016/j.jaci.2022.09.026

 Arun, K. B., Madhavan, A., Sindhu, R., Emmanual, S., Binod, P., Pugazhendhi, A., et al. (2021). Probiotics and gut microbiome - Prospects and challenges in remediating heavy metal toxicity. J. Hazard Mater. 15 (420), 126676. doi: 10.1016/j.jhazmat.2021.126676

 Ashique, S., De Rubis, G., Sirohi, E., Mishra, N., Rihan, M., Garg, A., et al. (2022). Short Chain Fatty Acids: Fundamental mediators of the gut-lung axis and their involvement in pulmonary diseases. Chemico Biol. Interact. 138, 110231. doi: 10.1016/j.cbi.2022.110231

 Barnes, P. J. (2013). Corticosteroid resistance in patients with asthma and chronic obstructive pulmonary disease. J. Allergy Clin. Immunol. 131 (3), 636–645. doi: 10.1016/j.jaci.2012.12.1564

 Bontinck, A., Maes, T., and Joos, G. (2020). Asthma and air pollution: recent insights in pathogenesis and clinical implications. Curr. Opin. Pulmon. Med. 26 (1), 10–19. doi: 10.1097/MCP.0000000000000644

 Boretti, A. (2022). Steroids induced black fungus infection in India during the May 2021 COVID-19 outbreak. Indian J. Otolaryngol. Head Neck Surg. 74 (Suppl 2), 3216–3219. doi: 10.1007/s12070-021-02988-w

 Chiu, Y. H., Chiu, H. P., and Lin, M. Y. (2023). Synergistic effect of probiotic and postbiotic on attenuation of PM2.5-induced lung damage and allergic response. J. Food Sci. 88 (1), 513–522. doi: 10.1111/1750-3841.16398

 Chong, H. X., Yusoff, N. A. A., Hor, Y. Y., Lew, L. C., Jaafar, M. H., Choi, S. B., et al. (2019). Lactobacillus plantarum DR7 improved upper pulmonarytract infections via enhancing immune and inflammatory parameters: A randomized, double-blind, placebo-controlled study. J. Dairy Sci. 102 (6), 4783–4797. doi: 10.3168/jds.2018-16103

 Christofidou-Solomidou, M., and Muzykantov, V. R. (2006). Antioxidant strategies in pulmonarymedicine. Treat Respir. Med. 5 (1), 47–78. doi: 10.2165/00151829-200605010-00004

 Drago, L., Cioffi, L., Giuliano, M., Pane, M., Amoruso, A., Schiavetti, I., et al. (2022). The Probiotics in Pediatric Asthma Management (PROPAM) Study in the Primary Care Setting: A Randomized, Controlled, Double-Blind Trial with Ligilactobacillus salivarius LS01 (DSM 22775) and Bifidobacterium breve B632 (DSM 24706). J. Immunol. Res. 2022, 3837418. doi: 10.1155/2022/3837418

 Duan, J., and Tan, J. (2013). Atmospheric heavy metals and arsenic in China: situation, sources and control policies. Atmos. Environ. 74, 93–101. doi: 10.1016/j.atmosenv.2013.03.031

 Eguiluz-Gracia, I., Mathioudakis, A. G., Bartel, S., Vijverberg, S. J., Fuertes, E., Comberiati, P., et al. (2020). The need for clean air: the way air pollution and climate change affect allergic rhinitis and asthma. Allergy 75 (9), 2170–2184. doi: 10.1111/all.14177

 Elder, A., and Oberdörster, G. (2006). Translocation and effects of ultrafine particles outside of the lung. Clinics Occup. Environ. Med. 5 (4), 785–796. doi: 10.1016/j.coem.2006.07.003

 Esposito, S., Tenconi, R., Lelii, M., Preti, V., Nazzari, E., Consolo, S., et al. (2014). Possible molecular mechanisms linking air pollution and asthma in children. BMC Pulmon. Med. 14 (1), 1–8. doi: 10.1186/1471-2466-14-31

 Ferkol, T., and Schraufnagel, D. (2014). The global burden of pulmonarydisease. Ann. Am. Thorac. Soc. 11 (3), 404–406. doi: 10.1513/AnnalsATS.201311-405PS

 González-Bosch, C., Boorman, E., Zunszain, P. A., and Mann, G. E. (2021). Short-chain fatty acids as modulators of redox signaling in health and disease. Redox Biol. 47, 102165. doi: 10.1016/j.redox.2021.102165

 Gupta, N., Yadav, V. K., Gacem, A., Al-Dossari, M., Yadav, K. K., Abd El-Gawaad, N. S., et al. (2022). Deleterious effect of air pollution on human microbial community and bacterial flora: A short review. Int. J. Environ. Res. Public Health 19, 15494. doi: 10.3390/ijerph192315494

 Horváth, G., and Ács, K. (2015). Essential oils in the treatment of pulmonarytract diseases highlighting their role in bacterial infections and their anti-inflammatory action: a review. Flavour Fragr J. 30 (5), 331–341. doi: 10.1002/ffj.3252

 Jin, S. W., Lee, G. H., Jang, M. J., Hong, G. E., Kim, J. Y., Park, G. D., et al. (2020). Lactic acid bacteria ameliorate diesel exhaust particulate matter-exacerbated allergic inflammation in a murine model of asthma. Life (Basel) 10 (11), 260. doi: 10.3390/life10110260

 Keulers, L., Dehghani, A., Knippels, L., Garssen, J., Papadopoulos, N., Folkerts, G., et al. (2022). Probiotics, prebiotics, and synbiotics to prevent or combat air pollution consequences: The gut-lung axis. Environ. Pollut. 302, 119066. doi: 10.1016/j.envpol.2022.119066

 Kotlyarov, S. (2022). Role of short-chain fatty acids produced by gut microbiota in innate lung immunity and pathogenesis of the heterogeneous course of chronic obstructive pulmonary disease. Int. J. Mol. Sci. 23 (9), 4768. doi: 10.3390/ijms23094768

 Kurai, J., Onuma, K., Sano, H., Okada, F., and Watanabe, M. (2018). Ozone augments interleukin-8 production induced by ambient particulate matter. Genes Environ. 40 (1), 1–8. doi: 10.1186/s41021-018-0102-7

 Lan, H., Gui, Z., Zeng, Z., Li, D., Qian, B., Qin, L. Y., et al. (2022). Oral administration of Lactobacillus plantarum CQPC11 attenuated the airway inflammation in an ovalbumin (OVA)-induced Balb/c mouse model of asthma. J. Food Biochem. 46 (2), e14036. doi: 10.1111/jfbc.14036

 Li, T., Hu, R., Chen, Z., Huang, M., Li, Q.-Y., Huang, S.-X., et al. (2018). PM2.5: The culprit for chronic lung diseases in China. Chronic Dis. Trans. Med. 4 (3), 176–186. doi: 10.1016/j.cdtm.2018.07.002

 Li, W., Sun, B., Li, H., An, Z., Li, J., Jiang, J., et al. (2023). Association between short-term exposure to PM2.5 and nasal microbiota dysbiosis, inflammation and oxidative stress: A panel study of healthy young adults. Ecotoxicol. Environ. Saf., 262, 115156. doi: 10.1016/j.ecoenv.2023.115156

 Lim, C. H., Ryu, J., Choi, Y., Jeon, S. W., and Lee, W. K. (2020). Understanding global PM2.5 concentrations and their drivers in recent decades, (1998-2016). Environ. Int. 144, 106011. doi: 10.1016/j.envint.2020.106011

 Lin, C. H., Tseng, C. Y., and Chao, M. W. (2020). Administration of Lactobacillus paracasei HB89 mitigates PM2.5-induced enhancement of inflammation and allergic airway response in murine asthma model. PloS One 15 (12), e0243062. doi: 10.1371/journal.pone.0243062

 Liu, M., Song, S., Hu, C., Tang, L., Lam, J. C. W., Lam, P. K. S., et al. (2020). Dietary administration of probiotic Lactobacillus rhamnosus modulates the neurological toxicities of perfluorobutanesulfonate in zebrafish. Environ. Pollut. 265 (Pt B), 114832. doi: 10.1016/j.envpol.2020.114832

 Madaniyazi, L., and Xerxes, S. (2021). Outdoor air pollution and the onset and exacerbation of asthma. Chronic Dis. Trans. Med. 7 (2), 100–106. doi: 10.1016/j.cdtm.2021.04.003

 Mahooti, M., Miri, S. M., Abdolalipour, E., and Ghaemi, A. (2020). The immunomodulatory effects of probiotics on pulmonaryviral infections: A hint for COVID-19 treatment? Microb. Pathog. 148, 104452. doi: 10.1016/j.micpath.2020.104452

 Mai, E., Percopo, C. M., Limkar, A. R., Sek, A. C., Ma, M., and Rosenberg, H. F. (2020). PulmonaryEpithelial Cells Respond to Lactobacillus plantarum but Provide No Cross-Protection against Virus-Induced Inflammation. Viruses 13 (1), 2. doi: 10.3390/v13010002

 Manisalidis, I., Stavropoulou, E., Stavropoulos, A., and Bezirtzoglou, E. (2020). Environmental and health impacts of air pollution: a review. Front. Public Health 14. doi: 10.3389/fpubh.2020.00014

 Mazuryk, O., Stochel, G., and Brindell, M. (2020). Variations in reactive oxygen species generation by urban airborne particulate matter in lung epithelial cells—impact of inorganic fraction. Front. Chem. 8, 581752. doi: 10.3389/fchem.2020.581752

 Meltzer, E. O., Caballero, F., Fromer, L. M., Krouse, J. H., and Scadding, G. (2010). Treatment of congestion in upper pulmonarydiseases. Int. J. Gen. Med. 3, 69–91. doi: 10.2147/IJGM.S8184

 Meo, S. A., Alqahtani, S. A., Meo, A. S., Alkhalifah, J. M., Al-Khlaiwi, T., and Klonoff, D. C. (2023). Environmental pollutants PM2.5, PM10, nitrogen dioxide (NO2), and ozone (O3) association with the incidence of monkeypox cases in European countries. J. Trop. Med. 2023, 9075358. doi: 10.1155/2023/9075358

 Naclerio, R., Ansotegui, I. J., Bousquet, J., Canonica, G. W., d'Amato, G., Rosario, N., et al. (2020). International expert consensus on the management of allergic rhinitis (AR) aggravated by air pollutants: impact of air pollution on patients with AR: current knowledge and future strategies. World Allergy Organ. J. 13 (3), 100106. doi: 10.1016/j.waojou.2020.100106

 Nam, W., Kim, H., Bae, C., Kim, J., Nam, B., Lee, Y., et al. (2020). Lactobacillus HY2782 and bifidobacterium HY8002 decrease airway hyperresponsiveness induced by chronic PM2.5 inhalation in mice. J. Med. Food 23 (6), 575–583. doi: 10.1089/jmf.2019.4604

 Page, C. P., and Spina, D. (2012). Selective PDE inhibitors as novel treatments for pulmonarydiseases. Curr. Opin. Pharmacol. 12 (3), 275–286. doi: 10.1016/j.coph.2012.02.016

 Panebianco, C., Eddine, F. B. N., Forlani, G., Palmieri, G., Tatangelo, L., Villani, A., et al. (2019). Probiotic Bifidobacterium lactis, anti-oxidant vitamin E/C and anti-inflammatory dha attenuate lung inflammation due to pm2.5 exposure in mice. Benef. Microbes 10 (1), 69–75. doi: 10.3920/BM2018.0060

 Pellaton, C., Nutten, S., Thierry, A. C., Boudousquié, C., Barbier, N., Blanchard, C., et al. (2012). Intragastric and intranasal administration of Lactobacillus paracasei NCC2461 modulates allergic airway inflammation in mice. Int. J. Inflamm. 2012, 686739. doi: 10.1155/2012/686739

 Racanelli, A. C., Kikkers, S. A., Choi, A. M. K., and Cloonan, S. M. (2018). Autophagy and inflammation in chronic pulmonarydisease. Autophagy 14 (2), 221–232. doi: 10.1080/15548627.2017.1389823

 Renard, J. B., Surcin, J., Annesi-Maesano, I., Delaunay, G., Poincelet, E., and Dixsaut, G. (2022). Relation between PM2.5 pollution and Covid-19 mortality in Western Europe for the 2020-2022 period. Sci. Total Environ. 848, 157579. doi: 10.1016/j.scitotenv.2022.157579

 Rider, C. F., and Carlsten, C. (2019). Air pollution and DNA methylation: effects of exposure in humans. Clin. Epigenet. 11 (1), 1–15. doi: 10.1186/s13148-019-0713-2

 Rigaux, P., Daniel, C., Hisbergues, M., Muraille, E., Hols, P., Pot, B., et al. (2009). Immunomodulatory properties of Lactobacillus plantarum and its use as a recombinant vaccine against mite allergy. Allergy 64 (3), 406–414. doi: 10.1111/j.1398-9995.2008.01825.x

 Seagrave, J. (2008). Mechanisms and implications of air pollution particle associations with chemokines. Toxicol. Appl. Pharmacol. 232 (3), 469–477. doi: 10.1016/j.taap.2008.08.001

 Sethi, G. R., and Singhal, K. K. (2008). Pulmonary diseases and corticosteroids. Indian J. Pediatr. 75 (10), 1045–1056. doi: 10.1007/s12098-008-0209-0

 Shahbazi, R., Yasavoli-Sharahi, H., Alsadi, N., Ismail, N., and Matar, C. (2020). Probiotics in treatment of viral pulmonaryInfections and neuroinflammatory disorders. Molecules 25 (21), 4891. doi: 10.3390/molecules25214891

 Shi, S. H., Yang, W. T., Yang, G. L., Zhang, X. K., Liu, Y. Y., Zhang, L. J., et al. (2016). Lactobacillus plantarum vaccine vector expressing hemagglutinin provides protection against H9N2 challenge infection. Virus Res. 211, 46–57. doi: 10.1016/j.virusres.2015.09.005

 Singh, K., and Rao, A. (2021). Probiotics: A potential immunomodulator in COVID-19 infection management. Nutr. Res. 87, 1–12. doi: 10.1016/j.nutres.2020.12.014

 Singh, V., Ahlawat, S., Mohan, H., Gill, S. S., and Sharma, K. K. (2022). Balancing reactive oxygen species generation by rebooting gut microbiota. J. Appl. Microbiol. 132 (6), 4112–4129. doi: 10.1111/jam.15504

 Soriano, J. B., Kendrick, P. J., Paulson, K. R., Gupta, V., Abrams, E. M., Adedoyin, R. A., et al. (2020). Prevalence and attributable health burden of chronic pulmonarydiseases 1990–2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Pulmon. Med. 8 (6), 585–596. doi: 10.1016/S2213-2600(20)30105-3

 Sun, X., Wang, D., Wei, L., Ding, L., Guo, Y., Wang, Z., et al. (2021). Gut microbiota and SCFAs play key roles in QingFei Yin recipe anti-streptococcal pneumonia effects. Front. Cell. Infect. Microbiol. 11. doi: 10.3389/fcimb.2021.791466

 Thakur, M., Datusalia, A. K., and Kumar, A. (2022). Use of steroids in COVID-19 patients: A meta-analysis. Eur. J. Pharmacol. 914, 174579. doi: 10.1016/j.ejphar.2021.174579

 Tian, J., Dillion, B. J., Henley, J., Comai, L., and Kaufman, D. L. (2022). A GABA-receptor agonist reduces pneumonitis severity, viral load, and death rate in SARS-CoV-2-infected mice. Front. Immunol. 13. doi: 10.3389/fimmu.2022.1007955

 Tiotiu, A. I., Novakova, P., Nedeva, D., Chong-Neto, H. J., Novakova, S., Steiropoulos, P., et al. (2020). Impact of air pollution on asthma outcomes. Int. J. Environ. Res. Public Health 17 (17), 6212. doi: 10.3390/ijerph17176212

 Wang, H., Shen, X., Liu, J., Wu, C., Gao, J., Zhang, Z., et al. (2019). The effect of exposure time and concentration of airborne PM2.5 on lung injury in mice: A transcriptome analysis. Redox Biol. 26–101264. doi: 10.1016/j.redox.2019.101264

 Wang, Y., Li, X., Ge, T., Xiao, Y., Liao, Y., Cui, Y., et al. (2016). Probiotics for prevention and treatment of pulmonarytract infections in children: A systematic review and meta-analysis of randomized controlled trials. Med. (Baltimore) 95 (31), e4509. doi: 10.1097/MD.0000000000004509

 Watanabe, M., Noma, H., Kurai, J., Sano, H., Saito, R., Abe, S., et al. (2015). Decreased pulmonary function in school children in Western Japan after exposures to Asian desert dusts and its association with interleukin-8. BioMed. Res. Int. 2015, 583293. doi: 10.1155/2015/583293

 Waterer, G. W., and Rello, J. (2020). Steroids and COVID-19: we need a precision approach, not one size fits all. Infect. Dis. Ther. 9, 701–705. doi: 10.1007/s40121-020-00338-x

 Wypych, T. P., Wickramasinghe, L. C., and Marsland, B. J. (2019). The influence of the microbiome on pulmonaryhealth. Nat. Immunol. 20 (10), 1279–1290. doi: 10.1038/s41590-019-0451-

 Xie, S., Zhang, C., Zhao, J., Li, D., and Chen, J. (2022). Exposure to concentrated ambient PM2. 5 (CAPM) induces intestinal disturbance via inflammation and alternation of gut microbiome. Environ. Int. 161, 107138. doi: 10.1016/j.envint.2022.107138

 Xing, Y. F., Xu, Y. H., Shi, M. H., and Lian, Y. X. (2016). The impact of PM2.5 on the human pulmonarysystem. J. Thorac. Dis. 8 (1), E69–E74. doi: 10.3978/j.issn.2072-1439.2016.01.19

 Zahedi, A., Hassanvand, M. S., Jaafarzadeh, N., Ghadiri, A., Shamsipour, M., and Dehcheshmeh, M. G. (2021). Effect of ambient air PM2.5-bound heavy metals on blood metal(loid)s and children's asthma and allergy pro-inflammatory (IgE, IL-4 and IL-13) biomarkers. J. Trace Elem. Med. Biol. 68, 126826. doi: 10.1016/j.jtemb.2021.126826




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Gupta, Abd EL-Gawaad, Osman Abdallah and Al-Dossari. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-13-1290914-g001.jpg
PM2.s Air Pollutants 8

O
Biological and Chemical
(Biolog ) K. o
Mixed PM2.5 pollutants containing

Translocation of PM2.5into the e 0 Q @)
multiple biological and heavy metals | ., blood and other organs via

particles deep penetration, 0 pulmonary vein
accumulation into respiratory cells

Accumulation
in alveolar cell

Altered gut
microbiota,
disturbed

gut-lung axis

Alveolar cell l

Hlstnmlne

00000 oo ood’o

Air Pollutants (PAH, PMs)

Lungs Epithelial Layer

1 IL-8 and Pollutants Adsorption
(Chemokine Response)

Neutrophil
Recruitment

Lung Cells |
N~
=
(1]
c
=
(=]
©
=
Z
3
=
9
=
]

o
[%)
oa
-
D
\
-
t:’) =)

wq%%
q q ' '3 Neutrophil migratior

e

Blood Capillary

P P

/\/\/—






OEBPS/Images/fcimb.2023.1290914_cover.jpg
& frontiers | Frontiers in Cellular and Infection Microbiology

Possible modulating functions of probiotic
Lactiplantibacillus plantarum in particulate
matter-associated pulmonary inflammation





OEBPS/Images/fcimb-13-1290914-g002.jpg
85Re

Air Pollutants (PMs, Ozone, PAHs, NO2)

Amplified/Boosted Allergens || Combine with host Bacterial LPS Epigenetic change

Direct

Inducton

Atopic host

Alveolar macrophages, Mast Cell Activation

Chemokine —
(IL-4, 115, 1L-8, 1L-13, 1L-33 )

Change in DNA
Inflammatory biomarker el
(MCP, ECP) Oxidative
- - > Damage
Recruitment of inflammatory cells —

\
VA

€— Vasoactive and inflammation mediators

Inflammation, vascular congestion, Airway cell damage

Asthma Exacefbauon and Allergu: rhinitis Developmen(

LY

1. Without Probiotic Interventions : PM2.s- derived
Inflammation and cell damage

2. Probiotic Interventions: Reduce the risk
inflammation and cell damage

‘Weakened PMzs ligands Bond

Pislgnds 0 . SAGMSS  Poticded
%[9 i [} Gutungs s
O 00000R0aN 0~ o+
LEOAMIEEL00MMNE [ sennseneenuves WI
nacelar | EOEEE33A000000EE W

Intracellular

\
Altered mANA
bpesion

'ROS abnormal Production

Pulmonary Cell

¥ Extracellular

ot oflanmatory yocines, Th/Th moddaton

Specific Probiotics

&.l,

(, Probiotic mixture gut microbiota regulates
Gut-lung Axis and improve asthmatic
condition

Oral administration
N 0 .9 b 2.2°

1l
R 0.0 wm) - .2 0.9
. .0.e  EP eee

Patients with asthma (Altered L N Improved Gut microbiota ,
& 5 = 8 week administration 2
microbial community ) Lungs functions and decreased
asthma






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Possible modulating functions of probiotic Lactiplantibacillus plantarum in particulate matter-associated pulmonary inflammation

      

        		

          1 Introduction

        



        		

          2 PM2.5 induced airway inflammation

        



        		

          3 PM2.5 associated asthma and allergic rhinitis

        



        		

          4 Probiotic effect on PM2.5 triggered Inflammation

        



        		

          5 L. plantarum supplements induced gut-lung axis

        



        		

          6 Conclusion and perspective

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Images/fcimb-13-1290914-g003.jpg
2 '-..f..‘-,'?_‘-':':;-’ Veiel e Long term PM2.5 Exposure can . ,-_'.-.".°_5.-°.'-.';.’.-'._ €5 r .
EERA BN X s L e LXK e i - : : . BRI LI R BT b
N .-PM ;..5-‘..- ‘et e trigger several respiratory disorders; RN W & ‘.‘ P ool
o "o L' BW Rilgie’p® * .+ -, | in highly polluted area respiratory ’... . P. g A el
sl e es jee’e si s e | disease burden could be immense | Ttieederet it Ll
0000 ‘g% . - e 200, Y NG 0. 0 Sg0 " ue "
T . .. : ' ‘..A'....'.'O:_...-. 0..‘.....'.

Probiotics

>

Probiotics supplementation may reduce
the PM2.5 associated respiratory
conditions

Exacerbated Respiratory Diseases Lower Risk of Respiratory Diseases





OEBPS/Images/table1.jpg
L. Plantaram
strains

Lactobacillus plantarum
GCWB 1001

Lactobacillus
plantarum-CQPC11

Lactobacillus
plantarum NCC1107
Lactobacillus plantarum

NCIMB 8826

Lactobacillus
plantarum NCIMB8826

Lactobacillus
plantarum NC8

Type of Administration

Oral

Oral

Intragastrically/intranasally

Oral

In vitro (Bacterial teichoic acid
Mouse bone marrow-derived
dendritic cell)

Orally administered

mucosal vaccine

Study model
Animal/
human

Mice

Mice

Mice

Mice

Chicken, mouse

Inflammation
Causing
contaminant/
pollutant

Diesel exhaust
particulate matter

Ovalbumin

Ovalbumin
(allergen)

Influenza,
Pulmonary
Syncytial Virus

Aerosolized
allergen

Avian influenza
viruses HON2

Key finding

Prevent lung inflammation

Reduced airway
hyperresponsiveness and
prevention asthma

Reduced overall including
eosinophilic lung inflammation

Minimize inflammation

Reduced airway eosinophilia

hemagglutination-inhibition and
induce robust T cell
immune responses

References

Jin et al., 2020

Lan et al,, 2022

Pellaton
etal, 2012

Mai et al,, 2020

Rigaux
et al,, 2009

Shi et al,, 2016.






