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INTRODUCTION
There is a clear crosstalk between the two sites known as the gut-lung 
axis, which was reported recently  (1)

In general, lung cancer can be classied into two major types in 
accordance with their histological presentations, including small cell 
lung cancer(SCLC) and non-small cell lung cancer (NSCLC), which 
the latter one could be further divided into four subtypes based on their 
cellular and molecular variations: Lung adenocarcinoma (LUAD), 
Lung squamous cell carcinoma (LUSC), Bronchial carcinoid tumor, as 
well as Large cell carcinoma (2).

Available evidence revealed that alterations of specic gut ora could 
contribute to the lung cell mutagenesis through changing metabolism, 
creating an immunosuppressive microenvironment, as well as 
activating inammatory pathways (3,4)

Apart from the gut epithelium, microbes are also identied to colonize 
epithelial surfaces of the respiratory tract, participating in maintaining 
barrier integration and immune homeostasis of the respiratory 
epithelium, but can also drive lung cancer progression (5)

Dysbiosis of the gut microbiota may play a pathophysiological role in 
lung disease by altering immune, hormonal, and metabolic 
homeostasis (6,7)

Interestingly, gut and lung microorganisms are interlinked by a 
bidirectional axis via lymphatic and blood circulation; hence, 
modication of one compartment will, in turn, impact distant epithelial 
bioactivities, which brings forth the coining of the concept of “gut-
lung axis” (8)

However, emerging evidence reveals a complex, bidirectional 
communication network between these systems, referred to as the 
gut–lung axis, which may signicantly impact the function and health 
of both the gut and the respiratory system (9)

Furthermore, preclinical and clinical studies have pointed out that gut 
microbes could modify the anticancer response of various lung cancer 
treatments, including chemotherapy, radiotherapy, targeted therapy, 
and in particular, immunotherapy (10)

Beyond these metabolic roles, the gut microbiota is integral to immune 
function, promoting the growth and maturation of immune cells 
through microbial sensing and providing local and systemic signals 
that help shape immune responses (11)

The gut microbiota refers to the diverse microorganisms that widely 
distribute and inhabit the GI tract, participating in maintaining the 
intestinal tract's physiological and immunological stabilities (12)

The integrity of gut microbes is considered indispensable for the 
overall health of the host. (13) 

Certain microbiota  pathogens in the lungs and intestines have been 
discovered to be capable of affecting the occurrence, development, and 
prognosis of diseases through different means, such as inammation, 
metabolism, and cell signalling (14,15).

Clinically, lung diseases, such as asthma, chronic obstructive 
pulmonary disease (COPD), and even lung cancer, are often associated 
with digestive tract diseases, resulting in prolonged disease courses, 
aggravated diseases, and increased mortality (16)

Changes in microbial composition and function, termed dysbiosis, in 
the respiratory tract and the gut have recently been linked to alterations 
in immune responses and to disease development in the lungs (17)

According to Zhang et al., Bacteroidetes, Cyanobacteria, 
Fusobacteria, Lentisphaerae, and Spirochaetes were detected to be 
more abundant in lung cancer patients, while another two strains 
(Firmicutes and Verrucomicrobia) were dramatically diminished 
compared to healthy groups (p  <  0.05)  (18)
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Actinobacteria, Firmicutes, and Bacteroidetes predominate in the gut, 
and Proteobacteria, Firmicutes, and Bacteroidetes dominate in the 
lungs (19)

The gut and lung microbiota show a close relationship throughout life, 
indicating a host-wide network between them (20)

History Of The Lung Microbiome
The study of the lung microbiome is still in its infancy compared to that 
of the microbiomes of other parts of the body. (21)

However, most of the subsequent studies focused on the functions of 
the gut microbiome, fecal microbiome, etc., in the lung(22)

It was evident that the lungs were in a sterile state, which was most 
people at that time. In 2010, researchers successively determined the 
composition of the airway microbiota; thus, the microbiome in the 
respiratory system came to light (23)

With further advances in detection technology, scientists have applied 
computed tomography (CT) scans, PCR, and 16S rRNA sequencing to 
investigate the lung microbiome (24)

At the same time, Foder et al. found that adult CF is closely related to 
the microbiome (25)

Not only are the survival and prognosis of patients with COPD related 
to lung microorganisms, but pneumonia and bronchial diseases also 
involve an imbalance in pulmonary microorganisms. (26,27)

In 2014, researchers focused on the relationship between lung 
transplantation and the microbiome, showing that the impact of the 
lung microbiome on innate and adaptive immune responses is 
beginning to be explored (28,29)

With the further elaboration of the concept of the “microbiome”, the 
focus is no longer limited to bacterial communities but also fungal and 
viral communities.(30)

Immunity
Lung diseases are usually accompanied by dysbiosis of the intestinal 
ora and an immune-inammatory response.

Gut microbiota inuences both the gut immune system and the lung 
immune system via local or long-reaching interactions, which involve 
either CD8+ T cell, T helper (Th17) cells, interleukin 25 (IL-25), 
interleukin-13 (IL-13), prostaglandin E2, and nuclear factor-kappa B 
(NF-κB)–dependent pathways. (31,32)

Any problems in the gut barrier may cause microbial translocation into 
the bloodstream and make a sustained inammatory response, which 
leads to lung injury, pulmonary brosis, and carcinogenesis  (33,34)

Changes in the number or function of gut microbiota can also affect 
health. Possible mechanisms include regulation of the extraintestinal 
T-cell population, development of oral immune tolerance through 
regulatory T cells (Tregs), production of short-chain fatty acids 
(SCFAs), and regulation of systemic inammation. (35,36) 

The lung microbiota impacts mucosal immunity and contributes to 
immune tolerance through neutrophil recruitment, production of pro-
inammatory cytokines mediated by receptor 2 (TLR2), and the 
release of antimicrobial peptides, such as β-defensin 2, stimulated by 
Th17 cells. (37,38)

The gut mucosa is exposed to a large variety of external antigens. T 
helper (Th) cells come into play when antigen-presenting cells (APCs) 
identify microorganism antigens, leading to cytokine production and, 
eventually, the activation and differentiation of Th cells. (39)

 In the gut, the harmonic balance of Th/Treg cells is usually attained by 
in situ induction of these cells from naïve T cells, recruitment of 
differentiated Th/Treg cells into the tissue, and reprogramming of 
already differentiated Th/Treg cells towards other lineages in 
peripheral tissues (40)

+CD4  T cells are split into two subclasses: Th and Treg cells. Th cells 
are an essential part of the adaptive immune system in synchronizing 

the defense against pathogens. They play an important role through 
their distinctive cytokines and effector functions in guiding tissue 
inammation. Within the Th subsets, Th1 cells produce interferon-
gamma (IFN-γ) as protection against intracellular pathogens, Th2 cells 
produce interleukin 4 (IL-4), IL-5, and IL-13 to clear parasitic 
pathogens, and Th17 cells produce IL-17, IL-21, and IL-22 to control 
microbial pathogens (41)

The concept of suppressor T cells can downregulate the activity of 
other T cells. (42)

Both Th17 and Tregs have shown commonality despite their functional 
dissimilarities and are highly represented in the periphery of the 
intestine. They comprise miscellaneous subpopulations with the 
ability to alter suppressor or effector capabilities in different 
circumstances (44) 

“The Battle of the Gut Microbiota,
Microbial ecology, the study of the interactions between 
microorganisms and their environment, plays a crucial role in 
understanding the structure and function of microbial communities in 
the human gut and respiratory tract.

Microbiomes in the human gut not only help in the digestion of food 
but also control functions of other organs like the liver, according to a 
new study. Bidobacteria, in the intestine, digest the healthy sugars in 
breast milk that are important for growth. Other bacteria digest ber, 
producing short-chain fatty acids, which are important for gut health. 
The gut microbiome controls the immune system and infection. Recent 
research suggests that the gut microbiome affects the central nervous 
system and controls brain function. Gut bacteria produce certain 
vitamins, including vitamin K. Bidobacteria and Lactobacilli, found 
in probiotics and yogurt, can help seal gaps between intestinal cells and 
prevent leaky gut syndrome. Flavonoids are the antioxidants found in 
plants.

Chronic respiratory diseases, including asthma and chronic 
obstructive pulmonary disease (COPD), as well as respiratory virus 
infection, are often accompanied by gastrointestinal diseases or 
symptoms. (45,46)

Patients with gastrointestinal diseases, such as inammatory bowel 
disease (IBD) and gastroesophageal reux, are prone to develop 
pulmonary dysfunction and have an increased incidence of respiratory 
disease. These connections suggest a vital communication between the 
gut and lungs.(47,48)

The significance of gut microbiota
Human health is an ever-interesting topic. Several studies have been carried 
out on the same, exploring the various genera involved, the association 
between them, and their importance in maintaining good health. The 
healthy human gut is colonised mainly by organisms belonging to two 
phyla, namely Bacteroidetes and Firmicutes. They have been found to play 
inevitable roles in host nutrient metabolism, maintaining the integrity of gut 
mucosa, and protection from invading pathogens.

Mice have always been excellent models for pharmaceutical research. 
They have also been proven useful in studying the interaction between 
the host and intestinal microbes. Since human beings and mice occupy 
a common niche, there might be a signicant association between their 
gut microbiota. According to earlier studies, mice gut microbiota 
shows considerable similarity to the human gut microbiome.(49)

The Microbiome Gives And Takes Between The Gut And Lungs
Emerging ndings indicate there is a vital cross-talk between gut 
microbiota and the lungs, which is known as the Gut and Lung Axis.

Actinobacteria, Firmicutes, and Bacteroidetes predominate in the gut, 
and Proteobacteria, Firmicutes, and Bacteroidetes dominate in the 
lungs (50)

The gut and lung microbiota show a close relationship throughout life, 
indicating a host-wide network between them (51)

It was also reported that gut and lung abundances are highly correlated 
over time.

Changes in diet alter gut colonisation patterns and colonization with 
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Roseburia, Dorea, Coprococcus, Blautia, or Escherichia presage their 
appearance in the respiratory tract. The literature on the direct transfer 
of microorganisms between the gut and lungs is very limited. Various 
hypotheses have been postulated to explain gut-lung translocation, 
such as the gut-lymph theory (52,53)

Scientic evidence shows that the barrier integrity is compromised in 
cystic brosis, sepsis, and acute respiratory distress syndrome, 
suggesting gut-lung translocation of microorganisms demonstrated 
that the lung microbiota is enriched with gut bacteria, such as 
Bacteroides spp., after sepsis and acute respiratory distress syndrome. 
(54)

Gut Microbial-Derived Metabolites -
Gut bacteria produce small molecules of metabolites. These 
metabolites act as communication signals between the gut and other 
parts of the body, like the lungs and the brain.

The important metabolites are
Short-chain fatty acids (SCFAs):
Produced from the fermentation of dietary ber by gut bacteria, SCFAs 
like acetate, propionate, and butyrate are crucial for gut health and can 
also inuence energy metabolism and brain function.

Trimethylamine N-oxide (TMAO):
Formed from dietary choline and carnitine, TMAO is linked to 
cardiovascular diseases and may also affect brain function. One of the 
metabolites of gut microbiota has been proven to aggravate pulmonary 
hypertension.

Overall purine metabolism and in key enzymes that metabolize 
purines and produce urates, such as xanthine oxidase and purine 
nucleosidase, in the gut microbiota of Pulmonary hypertension 
patients.

Tryptophan And Indole-derivative Metabolites:
These metabolites are produced from dietary tryptophan and play a 
role in regulating immune function and may inuence neurological 
disorders.

Bile Acids And Salts:
The gut microbiota can modify bile acids, which are involved in fat 
digestion and absorption, and these modied bile acids can also act as 
signals for other organs.

The Involvement Of Metabolites.
1. SCFAs enhance glucose uptake and lipid oxidation, reducing the 
risk of metabolic disorders. 
2. Gut metabolites can modulate the immune response.
3. These metabolites can inuence the gut-brain axis, potentially 
impacting brain function and mood. 
4. The metabolites, like bile acids, SCFAs, and tryptophan metabolites, 
are associated with the disease. 
5. Gut metabolites, particularly SCFAs and TMAO, are being 
investigated for their potential role in the development and progression 
of Alzheimer's disease (AD).

Lung diseases associated with gut microbiota
Pulmonary hypertension (PH)
Pulmonary hypertension (PH) is a severe, progressive, and fatal 
cardiopulmonary disease characterized by inammation, pulmonary 
vascular remodeling, and vascular occlusion leading to increased 
pulmonary artery pressure and pulmonary vascular resistance, right 
ventricular insufciency, left ventricular compression, and heart 
failure (55,56)

Some evidence supported the hypothesis of dysfunction of the gut-
lung axis in PH. 16S rRNA sequencing results showed that in the ora 
composition of rats with PH, there was an increase in Clostridiales, 
Aerococcaceae, Oscillospira, and Roseburia et al., and a decrease in 
Bidobacteria, Streptococcus, Akkermansia, Marvinbryantia, and 
Dehalobacterium et al. Among them, some benecial ora can induce 
Tregs and inhibit the expression of inammatory cytokines such as 
tumor necrosis factor-alpha (TNF-α) and interleukin-1β (IL-1β) to 
inhibit vascular inammation(57,58)

Trimethylamine N-oxide (TMAO), one of the metabolites of gut 
microbiota, has been proven to aggravate pulmonary hypertension. 

Mice fed a high-fat, high-choline diet for 8 weeks had pulmonary 
hypertension associated with pulmonary vascular remodelling 
compared with mice fed a conventional diet. As choline is a precursor 
to TMAO, the gut microbiome likely inuenced the development of 
pulmonary artery remodeling and pulmonary hypertension in this 
model (59)

In human samples, it is found that there is a signicant increase in 
overall purine metabolism and in key enzymes that metabolize purines 
and produce urates, such as xanthine oxidase and purine nucleosidase, 
in the gut microbiota of PH patients. This result suggests that it is 
necessary to make a further study about the mechanisms of gut 
microbial-derived purines and urates in PH (60)

Chronic Obstructive Pulmonary Disease (COPD)
Smoking is the predominant risk factor for COPD, but only some 
smokers develop COPD. Why this happens is unknown, but new 
techniques in the culture of microorganisms have shed some light on 
the possible link between the gut and lung microbiomes and COPD 
pathogenesis. Because of the gut–lung axis hypothesis, interest in 
whether lung and gut microbiomes relate to the pathogenesis of COPD 
has increased. The relationship between the lung microbiome reected 
by either sputum, bronchoalveolar lavage uid (BALF), or lung tissue 
and the gut microbiome reected by fecal samples and the 
pathogenesis of COPD has been recently presented (61)

A theory known as the vicious circle hypothesis describes the 
pathogenesis of COPD. It states lung dysbiosis provides a constant 
inammatory stimulus in COPD (62).

Lung Cancer
Gut-organ crosstalk has been conrmed in other cancer-related 
studies; however, whether there is a similar relationship in lung cancer 
is less known. In recent decades, immunotherapy has become the focus 
of lung cancer research (63)

Since the discovery of immune checkpoint proteins, there has been a 
special interest in developing antibodies that block programmed cell 
death 1 receptor (PD-1) and programmed cell death receptor ligand 1 
(PD-L1) for a subset of cancer patients. PD-1 signalling negatively 
regulates T cell-mediated immune responses and serves as a 
mechanism for tumours to evade an antigen-specic T cell 
immunologic response. It plays a role in promoting cancer 
development and progression by enhancing tumour cell survival. With 
this background, PD-1 signalling represents a valuable therapeutic 
target for novel and effective cancer immunotherapy. Clinical data 
show that blockade of this PD-1 signalling signicantly enhances 
antitumor immunity, produces durable clinical responses, and 
prolongs survival. Currently, there are three FDA-approved PD-L1 
inhibitors for various malignancies, ranging from non-small cell lung 
cancer to Merkel cell carcinoma. (64)

Gut dysbiosis is involved in carcinogenesis and the progression of lung 
cancer through genotoxicity, systemic inammation, and defective 
immunosurveillance. In addition, the gut microbiome harbours the 
potential to be a novel biomarker for predicting sensitivity and adverse 
reactions to immunotherapy in patients with lung cancer. Probiotics 
and fecal microbiota transplantation (FMT) can enhance the efcacy 
and depress the toxicity of immune checkpoint inhibitors by regulating 
the gut microbiota. (65)

CONCLUSION
Human gut microbiomes exhibit individual precision. The human gut  
possesses millions of microbes that dene a complex microbial 
community. The gut microbiota has been characterized as a vital organ 
forming its multidirectional connecting axis with other organs. This 
gut microbiota axis is responsible for host-microbe interactions and 
works by communicating with the neural, endocrinal, humoral, 
immunological, and metabolic pathways. The gut microbiota 
communicates with the lungs via soluble microbial components and 
bacterial metabolites, which reach the systemic circulation. The  
attention has been shifted from prospective studies to clinical trials to 
have a better understanding of how microbiota can interplay in human 
health and disease.

REFERENCES
1. Budden,KF,Gellatly,SL.Wood,DLA.et al. Emerging pathogenic links between 

microbiota and the gut–lung axis,Nat Rev Microbiol;2017;15:55-63
2. Cancer Genome Atlas Research Network.Comprehensive molecular proling of lung 

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 14 | Issue - 05 | May - 2025

30 International Journal of Scientific Research



adenocarcinoma.Nature, 511 (7511) (2014), pp. 543-550
3. Q. Gui, H. Li, A. Wang, X. Zhao, Z. Tan, L. Chen, et al. The association between gut 

butyrate-producing bacteria and non-small-cell lung cancer.J Clin Lab Anal, 34 (8) 
(2020), Article e23318,

4. S.C. Chow, S.D. Gowing, J.J. Cools,Lartigue, C.B. Chen, J. Berube, H.W. Yoon, et 
al.Gram-negative bacteria increase non-small cell lung cancer metastasis via toll-like 
receptor 4 activation and mitogen-activated protein kinase phosphorylation.Int J 
Cancer, 136 (6) (2015), pp. 1341

5. C. Carbone, G. Piro, V. Di Noia, E. D'Argento, E. Vita, M.G. Ferrara, et al.Lung and gut 
microbiota as potential hidden drivers of immunotherapy efcacy in lung cancer Mediat 
Inamm, 2019 (2019), p. 7652014

6. K.F. Budden, S.L. Gellatly, D.L. Wood, M.A. Cooper, M. Morrison, P. Hugenholtz, et 
al.Emerging pathogenic links between microbiota and the gut-lung axis;Epub.Nat. Rev. 
Microbiol, 15 (1) (2017), pp. 55-63, 

7. H. Chu, S.K., Mazmanian, Innate immune recognition of the microbiota promotes host-
microbial symbiosis. Epub 2013/06/20

8. R. Bingula, M. Filaire, N. Radosevic-Robin, M. Bey, J.Y. Berthon, A. Bernalier-
Donadille, et al.Desired turbulence? Gut-lung Axis, immunity, and lung cancer ,J Oncol, 
2017 (2017), p. 5035371,

9. Rowland, I.; Gibson, G.; Heinken, A.; Scott, K.; Swann, J.; Thiele, I.; Tuohy, K. Gut 
microbiota functions: Metabolism of nutrients and other food components. Eur. J. Nutr. 
2018, 57, 1–24

10. Z. Chen, X. Qian, S. Chen, X. Fu, G. Ma, A. Zhang;Akkermansia muciniphila enhances 
the antitumor effect of cisplatin in Lewis lung cancer mice,J Immunol Res, 2020 (2020), 
p. 2969287, 

11. S.R. Gill, M. Pop, R.T. DeBoy, P.B. Eckburg, P.J. Turnbaugh, B.S. Samuel, et 
al.Metagenomic analysis of the human distal gut microbiome Science, 312 (5778) 
(2006), pp. 1355-1359,

12. Parks D. H., Rinke C., Chuvochina M., et al. Recovery of nearly 8,000 metagenome-
assembled genomes substantially expands the tree of life. Nature Microbiology. 
2017;2(11):1533–1542. 

13. S. Segarra, S. Martínez-Subiela, M. Cerdà-Cuéllar, D. Martínez-Puig, A. Muñoz-Prieto, 
F. Rodríguez-Franco, et al.Oral chondroitin sulfate and prebiotics for the treatment of 
canine Inammatory Bowel Disease: a randomized, controlled clinical trial,BMC Vet 
Res, 12 (2016), p. 49,

14. Dickson R. P., Erb-Downward J. R., Falkowski N. R., Hunter E. M., Ashley S. L., 
Huffnagle G. B. The lung microbiota of healthy mice is highly variable, clusters by 
environment, and reects variation in baseline lung innate immunity. American Journal 
of Respiratory and Critical Care Medicine. 2018;198(4):497–508. doi: 
10.1164/rccm.201711-2180oc. 

15. Segal L. N., Clemente J. C., Tsay J.-C. J., et al. Enrichment of the lung microbiome with 
oral taxa is associated with lung inammation of a Th17 phenotype. Nature 
microbiology. 2016;1(5) doi: 10.1038/nmicrobiol.2016.31.16031 

16. O'Dwyer D. N., Zhou X., Wilke C. A., et al. Lung dysbiosis, inammation, and injury in 
hematopoietic cell transplantation. American Journal of Respiratory and Critical Care 
Medicine. 2018;198(10):1312–1321. doi: 10.1164/rccm. 201712- 2456OC. 

17. Kurtis F. Budden, Shaan L. Gellatly, David L. A. Wood, et al,Emerging pathogenic links 
between microbiota and the gut–lung axis, Nature Reviews Microbiology. 2016

18. W.Q. Zhang, S.K. Zhao, J.W. Luo, X.P. Dong, Y.T. Hao, H. Li, et al.Alterations of fecal 
bacterial communities in patients with lung cancer ,Am J Transl Res, 10 (10) (2018), pp. 
3171-3185

19. Trivedi R,Barve K,Gut microbiome a promising target for the management of 
respiratory diseases,Biochem J;2020:477:2679-96

20. Grier A,Mc David A,Wang et al,Neonatal gut and respiratory microbiota: coordinated 
development through time and space;Microbiome;2018;6:193

21. Noverr, M. C., Noggle, R. M., Toews, G. B. & Huffnagle, G. B. Role of antibiotics and 
fungal microbiota in driving pulmonary allergic responses. Infect. Immun. 72, 
4996–5003 (2004).

22. Gore, C. et al. Bidobacterium pseudocatenulatum is associated with atopic eczema: a 
nested case-control study investigating the fecal microbiota of infants. J. Allergy Clin. 
Immunol. 121, 135–140 (2008).

23. Hilty, M. et al. Disordered microbial communities in asthmatic airways. PLoS ONE 5, 
e8578 (2010).

24. McDonough, J. E. et al. Small-airway obstruction and emphysema in chronic 
obstructive pulmonary disease. N. Engl. J. Med. 365, 1567–1575 (2011).

25. Fodor, A. A. et al. The adult cystic brosis airway microbiota is stable over time and 
infection type, and highly resilient to antibiotic treatment of exacerbations. PLoS ONE 7, 
e45001 (2012).

26. Pragman, A. A., Kim, H. B., Reilly, C. S., Wendt, C. & Isaacson, R. E. The lung 
microbiome in moderate and severe chronic obstructive pulmonary disease. PLoS ONE 
7, e47305 (2012).

27. Segal, L. N. et al. Enrichment of lung microbiome with supraglottic taxa is associated 
with increased pulmonary inammation. Microbiome 1, 19 (2013).

28. Lobo, L. J. & Noone, P. G. Respiratory infections in patients with cystic brosis 
undergoing lung transplantation. Lancet Respir. Med. 2, 73–82 (2014).

29. Borewicz, K. et al. Longitudinal analysis of the lung microbiome in lung transplantation. 
FEMS Microbiol. Lett. 339, 57–65 (2013).

30. Nguyen, L. D., Viscogliosi, E. & Delhaes, L. The lung mycobiome: an emerging eld of 
the human respiratory microbiome. Front. Microbiol. 6, 89 (2015).

31. D. Zheng, T. Liwinski, E. Elinav, Interaction between microbiota and immunity in health 
and diseasEpub 2020/05/21, Cell Res, 30 (6) (2020), pp. 492-506, 

32. S. Stricker, T. Hain, C.M. Chao ,Rudloff S. Respiratory and intestinal microbiota in 
pediatric lung diseases-current evidence of the gut-lung axis Epub 2022/06/25,Int J. 
Mol. Sci., 23 (12) (2022), 

33. M. Boesch, F. Baty, W.C. Albrich, L. Flatz, R. Rodriguez, S.I. Rothschild, et al.,Local 
tumor microbial signatures and response to checkpoint blockade in non-small cell lung 
cancer,Epub 2021/12/17,Oncoimmunology, 10 (1) (2021), p. 1988403, 

34. X. Liu, Y. Cheng, D. Zang, M. Zhang, X. Li, D. Liu, et al.The role of gut microbiota in 
lung cancer: from carcinogenesis to immunotherapy Epub 2021/09/08,Front Oncol., 11 
(2021), Article 720842

35. Y. Saiman, T.D. Shen, P.J. Lund, V.M. Gershuni, C. Jang, S. Patel, et al. ,Global 
microbiota-dependent histone acetylation patterns are irreversible and independent of 
short-chain fatty acids,Hepatology, 74 (6) (2021), pp. 3427-3440,Epub 2021/07/08.

36. E.G. Avery, H. Bartolomaeus, A. Maifeld, L. Marko, H. Wiig, N. Wilck, et al. ,The gut 
microbiome in hypertension: recent advances and future perspectives;Epub 
2021/04/02,Circ. Res, 128 (7) (2021), pp. 934-950,

37. R. Bingula, M. Filaire, N. Radosevic-Robin, M. Bey, J.Y. Berthon, A. Bernalier-
Donadille, et al.,Desired Turbulence? Gut-lung axis, immunity, and lung cancer,Epub 
2017/10/28,J. Oncol., 2017 (2017), p. 5035371, 

38. J.P. McAleer, J.K. Kolls,Contributions of the Intestinal Microbiome in Lung 
Immunity;Epub 2017/08/05,Eur. J. Immunol., 48 (1) (2018), pp. 39-49,

39. Omenetti S., Pizarro T.T. The Treg/Th17 Axis: A Dynamic Balance Regulated by the Gut 
Microbiome. Front. Immunol. 2015;6:639. doi: 10.3389/mmu.2015.00639.

40. Dong C. Cytokine Regulation and Function in T Cells. Annu. Rev. Immunol. 

2021;39:51–76. 
41. Luo A., Leach S.T., Barres R., Hesson L.B., Grimm M.C., Simar D. The Microbiota and 

Epigenetic Regulation of T Helper 17/Regulatory T Cells: In Search of a Balanced 
Immune System. Front. Immunol. 2017;8:417. 

42. Sakaguchi S., Sakaguchi N., Asano M., Itoh M., Toda M. Immunologic self-tolerance 
maintained by activated T cells expressing IL-2 receptor alpha-chains (CD25). A 
breakdown of a single mechanism of self-tolerance causes various autoimmune 
diseases. J. Immunol. 1995;155:1151 1164. 

43. Curotto de Lafaille M.A., Lafaille J.J. Natural and adaptive foxp3+ regulatory T cells: 
More of the same or a division of labor? Immunity. 2009;30:626–6351. 

44. Kitagawa Y., Wing J.B., Sakaguchi S. Transcriptional and Epigenetic Control of 
Regulatory T Cell Development. Prog. Mol. Biol. Transl. Sci. 2015;136:1 33. 

45. Labarca G., Drake L., Horta G., et al. Association between inammatory bowel disease 
and chronic obstructive pulmonary disease: a systematic review and meta-analysis. 
BMC Pulmonary Medicine. 2019;19(1):186–186. 

46. Vutcovici M., Brassard P., Bitton A. Inammatory bowel disease and airway diseases. 
Wor ld  Jou rna l  o f  Gas t roen te ro logy.  2016 ;22 (34 ) :7735–7741 .  do i : 
10.3748/wjg.v22.i34.7735.

47. Massart A., Hunt D. P. Pulmonary manifestations of inammatory bowel disease. The 
A m e r i c a n  J o u r n a l  o f  M e d i c i n e .  2 0 2 0 ; 1 3 3 ( 1 ) : 3 9 – 4 3 .  d o i : 
10.1016/j.amjmed.2019.07.007. [

48. Blanco A. J., Vélez A. G., Solís-García G., Posadas A. S., Alonso S. B., Cimadevilla J. L. 
R. Comorbidities and course of lung function in patients with congenital esophageal 
atresia. Archivos Argentinos de Pediatría. 2020;118(1):25–30. 

49. D. Srinivasa Rao, Raghavendra Rao M V , Helen, Vishnun Rao V, PARIPEX - INDIAN 
JOURNAL OF RESEARCH | O1 January - 2025 Volume - 14 | Issue - 01 | 

50. Trivedi R,Barve K,Gut microbiome a promising target for the management of 
respiratory diseases Biochem J;2020:477:2679-96

51. Grier A,NcDavid A,Wang B ,et al,Neonatal gut and respiratory microbiota: coordinated 
development through time and space;Microbiome,2018;6:193

52. Madan JC,Koester DC et al.Serial analysis of the gut and Respiratory microbiome in 
cystic brosis in infancy: interaction between intestinal and Respiratory tracts and 
impact of nutritional exposures;Mbio,2012;3  ;e00251-00212

53. He L-H,Ren,L-F,Li et al.Intestinal ora as a potential strategy to ght SARS-CoV-2 
infection.Front Microbiol.2020;12-9.

55. A. Huertas, L. Tu, M. Humbert, C. Guignabert.Chronic inammation within the 
vascular wall in pulmonary arterial hypertension: more than a spectator, Epub 
2019/12/10, Cardiovasc Res, 116 (5) (2020), pp. 885-893

56. P.M. Hassoun, Pulmonary arterial hypertensionEpub 2021/12/16.N. Engl. J. Med, 385 
(25) (2021), pp. 2361-2376, 

57. R.K. Sharma, A.C. Oliveira, T. Yang, S. Kim, J. Zubcevic, V. Aquino, et al., Pulmonary 
arterial hypertension-associated changes in gut pathology and microbiota;Epub 
2020/08/04, ERJ Open Res, 6 (3) (2020),

58. T.J. Sanada, K. Hosomi, H. Shoji, J. Park, A. Naito, Y. Ikubo, et al.Gut microbiota 
modication suppresses the development of pulmonary arterial hypertension in an 
Su5416/hypoxia rat model;2045894020929147. Epub 2020/09/15,Pulm. Circ., 10 (3) 
(2020),

59. A. Lawrie, A.G. Hameed, J. Chamberlain, N. Arnold, A. Kennerley, K. Hopkinson, et 
al.Paigen diet-fed apolipoprotein e knockout mice develop severe pulmonary 
hypertension in an interleukin-1-dependent manner,Epub 2011/08/13,Am. J. Pathol., 
179 (4) (2011), pp. 1693-1705

60. S. Kim, K. Rigatto, M.B. Gazzana, M.M. Knorst, E.M. Richards, C.J. Pepine, et 
al.Altered gut microbiome prole in patients with pulmonary arterial hypertension, 
Epub 2020/02/25Hypertension, 75 (4) (2020), pp. 1063-1071,

61. Shi C.Y., Yu C.H., Yu W.Y., Ying H.Z. Gut-Lung Microbiota in Chronic Pulmonary 
Diseases: Evolution, Pathogenesis, and Therapeutics. Can. J. Infect. Dis. Med. 
Microbiol. 2021;2021:e9278441

62. Erb-Downward J.R., Thompson D.L., Han M.K., Freeman C.M., McCloskey L., 
Schmidt L.A., Young V.B., Toews G.B., Curtis J.L., Sundaram B., et al. Analysis of the 
Lung Microbiome in the “Healthy” Smoker and in COPD. PLoS ONE. 2011;6:e16384

63. S.C. Casey, A. Amedei, K. Aquilano, A.S. Azmi, F. Benencia, D. Bhakta, et al.Cancer 
prevention and therapy through the modulation of the tumor microenvironment S199-
s223. Epub 2015/04/14, Semin Cancer Biol., 35 Suppl (Suppl) (2015),

64. A. Akinleye, Z. Rasool,Immune Checkpoint Inhibitors of PD-L1 as Cancer 
Therapeutics;Epub 2019/09/07,J. Hematol. Oncol., 12 (1) (2019), p. 92,

65. Xiangjun Liu 1,†, Ye Cheng 2,†, Dan Zang 1, Min Zhang 1, Xiuhua Li 1, Dan Liu 1, Bing 
Gao 2, Huan Zhou 1, Jinzhe Sun 1, Xu Han 1, Meixi Lin 1, Jun Chen 1, The Role of Gut 
Microbiota in Lung Cancer: From Carcinogenesis to Immunotherapy,Front Oncol 2021 
Aug 19;11:720842.

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 14 | Issue - 05 | May - 2025

International Journal of Scientific Research 31


