Renin-angiotensin system and idiopathic pulmonary fibrosis: What is the link?
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Interstitial lung diseases comprise a heterogeneous
group of non-neoplastic diseases with varying
degrees of inflammation and/or fibrosis. Some with
known causes, others with varied etiologies that are
not always identified, the so-called idiopathic
interstitial pneumonias. Among them, idiopathic
pulmonary fibrosis (IPF), considered a prototypical
fibrotic diseasel,2. IPF is a non-neoplastic

progressive lung disease with different degrees of
inflammation and  fibrosis, the clinical
manifestation of which is progressive dyspnea. The
etiology and pathophysiological mechanism of the
disease are quite complex and not fully understood,
hindering effective  therapeutic  alternatives.
Evidence in the literature demonstrates the
involvement of Angiotensin II (Ang II), the most
studied vasoactive peptide of the renin-angiotensin
system involved in the pathogenesis of fibrosis. In
this context, it is possible to believe that the
imbalance of the Renin-Angiotensin System (RAS)
in favor of the fibrosing axis (Ang II/AT1) is
associated with the development of pulmonary
fibrosis (PF) and functional impairment of patients.
On the other hand, the counter-regulatory and
protective axis of the RAS, the peptides
Angiotensin 1-7 and Alamandin, may be an
alternative treatment of PF. Therefore, new
interpretations of the participation of this system in
the pathophysiology of IPF may contribute to
elucidate the mechanisms involved in this disease,
which still has no cure, which is highly costly for
the health system and especially for the
development of therapies that improve the quality
of life of these patients.

Idiopathic pulmonary fibrosis, Renin-
angiotensin  system,  Therapeutics, = Lung
transplantation.

Idiopathic pulmonary fibrosis (IPF) is the most common interstitial lung disease3. It occurs

slowly and irreversibly, with a high mortality rate. Possibly, the lack of uniformity at the time of care

still hinders its diagnosis4. Currently, the most accepted hypothesis for the pathogenesis of the disease

is fibroproliferation and excessive accumulation of extracellular matrix. This event in the lung tissue

occurs during the repair of alveolar epithelial lesions with the release of pro-inflammatory mediators5.

Thus, IPF may be associated with aging and a progressive fibrosing condition of the lungs, also

related to smoking6. Males represent the most affected population, usually in the sixth or seventh
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decades of life7. Loss of lung elasticity and thickening of alveolar membranes leads to limited
respiratory capacity. The effort of the accessory ventilatory muscles to compensate for the loss of
pulmonary gas exchange function occurs at the expense of high energy expenditure, which, added to
the difficulty in eating caused by dyspnea itself, leads patients to weight and muscle mass loss, as well
as quality of life8.

Among the possible causes of IPF, some evidence emerges to try to explain the
pathophysiology of the disease. In this context, the renin-angiotensin system (RAS) may play a key
role in modulating the fibrotic process. The peptides of this system have receptors in several target
organs, such as the heart, blood vessels, and especially in the lungs, and may be membrane-bound or
soluble in plasma9.

Due to the insidious nature of the disease and the lack of specific clinical signs, diagnosis of
IPF is often delayed. This delays the start of treatment and compromises the effectiveness of
therapeutic interventions. The identification of biomarkers to indicate the presence of the disease in
earlier stages would be of great value for the success of the treatment, enabling a more accurate

diagnosis and the early initiation of therapy.

To review the literature on the role of the renin-angiotensin system in the pathogenesis,

progression, and potential therapeutic strategies for IPF.

This is a literature review based on articles published in the following databases: PubMed,

LILACS, SciELO and MEDLINE. The survey took place in August and September 2023.

IPF is a chronic non-infectious, progressive disease restricted to the lungs, without a defined
cause, in which healthy lung tissue is eventually replaced by scar tissue. This tissue replacement
impairs pulmonary function and, consequently, gas exchangelO.

Interstitial lung disease has the worst prognosis and early mortality11,12. In addition, it mainly
affects men over 60 years of age and, after diagnosis, the average survival is only 3 years11.

Despite being a rare disease, the mortality of affected patients has been increasing worldwide
in the twenty-first century, reaching between four and ten deaths/100,000 inhabitants in several
countries in Europe, North America, Asia and Oceanial3. In recent years, this reported increase in

prevalence and incidencel4, associated with the high mortality rate, has drawn attention to the need
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for new therapeutic alternatives that enable an effective improvement in the quality of life and
longevity of patients.

In Brazil, few epidemiological data are available on IPF. One of the possible reasons is due to
the difficulty of diagnosis, which often occurs due to exclusion, and the small number of centers
specialized in this disease. In this sense, the temporal analysis of mortality in Brazil shows, between
1979 and 2014, that mortality coefficients are lower than in other countries, which may indicate
underreportingl5. Even so, the country follows the global trend in terms of gender and age of people

affected by the diseasel5.

In the pathophysiology of fibrosis, microlesions are present that cause inflammatory reactions,
followed by a disordered healing response. This process is characterized by different degrees of
fibroblast activation, collagen accumulation that causes thickening of the interstitium and pulmonary
stiffness16. As a consequence, there is thickening of the alveolar walls and distortion of the pulmonary
architecturel7. Histologically, it has an irregular appearance, with preserved areas, areas of fibrosis,
and honeycomb-like formations that alternate in the parenchyma. Usually, the subpleural and
paraseptal regions and the pulmonary bases are the most affected18.

In addition to non-functional repair, due to the progressive increase in collagen deposition, the
presence of short telomeres is observed, associated with protein and mitochondrial dysregulation and
oxidative stress19. Together, this process causes accelerated aging. These, among other factors, occur
from the beginning and during the evolution of fibrosis also mediated by pro-inflammatory interleukins
and by transforming growth factor beta (TGF-f), produced by the cell in different ways20.

New studies have shown that TGF-B1, expressed by macrophages, is directly involved in the
progression of IPF and, therefore, seems to be an important target for the formulation of a new
therapy21. As the repair mechanism advances, the release of cytokines and growth factors intensifies
the deposition of interstitial tissue, demonstrating the importance of the molecules present in the tissue
for the development of IPF.

The initial events of IPF, characterized by fibroblast activation, are not yet fully understood,
but the most accepted hypothesis is the exposure of genetically susceptible individuals to risk factors
such as smoking11. These alterations that affect patients with IPF compromise the functional capacity
of the lungs and have repercussions on the worsening of quality of lifel7.

In this inflammatory scenario, the RAS has been growing in importance. In addition to the well-
known actions on hydroelectrolyte balance and blood pressure, this system has been related to fibrotic

processes in several systems.
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Classically, the activation of the RAS initiates by the action of the enzyme renin, produced by
the juxta-glomerular cells located in the renal afferent arteriole. Once in the bloodstream, renin
converts angiotensinogen into angiotensin I (Ang I), a decapeptide that has little vasoconstrictor22. By
the action of angiotensin-converting enzyme (ACE), Ang I is converted into the angiotensin II (Ang
IT) octapeptide, which has several physiological effects. Among them, Ang II activates the enzyme
NADPH oxidase in vessels and tissues and causes oxidative stress23.

The effects of Ang II are mediated by two G-protein-coupled membrane receptors, called AT1
and AT223 receptors. The AT1 receptor is involved in the classical effects of Ang II and when
exaggeratedly activated, can induce deleterious effects on tissues such as inflammation, oxidative
stress and fibrosis. Activation of this receptor induces fibrosis, vasoconstriction, fluid retention, and
apoptosis24,25. The actions of Ang II on the AT2 receptor, in turn, are commonly opposite to those on
the AT1 receptor, and the affinity of Ang II for this receptor is much lower26.

In the lungs, Ang II stimulates fibroblasts to synthesize extracellular matrix. Type I collagen is
the main matrix protein in the pulmonary interstitium. When in excess, this collagen, synthesized by
activated fibroblasts, participates in the fibrotic process. Among other actions, it causes thickening of
the alveolar walls and reduction of pulmonary compliance. These alterations affect the respiratory
capacity of patients and make it difficult to obtain oxygen for tissue perfusionl1.

In recent years, studies on the RAS have shown the existence of several peptides that make the
system much more complex. Among the peptides and receptors discovered, we can mention the
angiotensin-converting enzyme 2 (ACE2), which cleaves Ang I to form angiotensin 1-7 (Ang-1-7).
Ang 1-7 binds to the Mas receptor and triggers vasodilator, antiproliferative, antifibrotic and anti-
inflammatory effects27. For these reasons, Ang 1-7 has the ability to protect the lungs and acts as an
antagonist peptide to the effects of the axis represented by Ang II.

Similarly, in 2013 two other components of the non-classical axis were discovered, Alamandine
(ALA) and the MrgD28 receptor. ALA is a heptapeptide analogous to Ang 1-7, differing structurally
by the substitution of the amino acid aspartate by alanine at position 1. It can also be formed by the
action of ACE2 on Ang A, or by the decarboxylation of Ang 1-729.

ALA acts through the G protein-coupled membrane receptor, called MrgD30. This new axis,
ACE2-ALA-MrgD, appears to be potent in counterregulating the effects of the ACE-Ang II-AT1 axis.
ALA has an antioxidant, anti-inflammatory, and antifibrotic effect, with actions similar to Ang-1-731.
In view of this, both the ECA2-Ang-(1-7)-Mas axis and the ECA2-ALA-MrgD are promises in
promoting effects that oppose the deleterious effects of the exaggerated participation of Ang II.

In fact, IPF can be considered a multifactorial disease in which environmental stimuli activate

endogenous factors and result in a disordered cellular repair process. Once the fibrotic process has
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begun, there is no way to reverse it, and the disease may have a gradual or rapid course. Unfortunately,

the decline in organ function is inevitable and often leads to death17.

The etiology of IPF is associated with an abnormal repair process after an injury to the lungs.
The accumulation of collagenous scar tissue causes thickening of the interstitium and pulmonary
stiffness11,16 and affects the respiratory capacity of patients. Thus, it hinders the obtaining of oxygen
for tissue perfusion, representing a major therapeutic challenge for pulmonologists.

The first clinical signs of interstitial lung diseases are nonspecific. The patient presents cough,
dyspnea, fatigue and weight loss, impairing the early diagnosis. Of these, dyspnea is the most common
and initially manifests itself in association with physical exertion. However, as the disease progresses,
this dyspnea can occur even at rest. Pulmonary auscultation shows teleexpiratory crackles during
expiration, which predominate in the lower middle third of the thorax8.

As the disease progresses, patients may also present tachypnea, tachycardia, hypoxemia, and
enlargement of the distal phalanges of the fingers and fingernails, also known as digital clubbing16,32.
Usually, by the time symptoms are noticeable, lung damage is already at an advanced stage, requiring
immediate medical follow-up.

Among the possible complications, the presence of secondary pulmonary hypertension occurs
in the most advanced cases of pulmonary fibrosis, which places about 60% of patients under evaluation
for transplantation8. In addition, pulmonary embolism, infections, acute lung injury, and neoplasms
are possible complications, which, when present, lead to a mortality rate close to 100%>* in a short

period of time.

With the increasing evolution in the understanding of the pathways involved in the
development of IPF, this is the only interstitial lung disease with established therapyl6. The
combination of N-acetylcysteine, azathioprine, and prednisone was one of the first attempts at
treatment for IPF. However, there was not much success, worsening the prognosis and increasing the
risk of mortality due to recurrent hospitalizations34.

Other immunosuppressants have also been tested, such as cyclophosphamide and
mycophenolate, which have also shown no clinical benefits in patients with IPF. As for the use of
Thalidomide, a drug with anti-inflammatory properties that can cause congenital malformation, there
is a need for strict sanitary control. It was tested in an experimental model, but was not administered

to patients with IPF35 due to the risks it represents.
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Currently, the recommended therapy for the treatment of IPF involves attempting to decrease
the fibrotic process. Nintedanib or pirfenidone, supportive therapies, do not stop progression or reverse
existing fibrosis. Although both drugs are effective in slowing the progression of the disease37 and
reducing the decline in lung function, they do not modify the mortality rate and have debilitating side
effects, such as vomiting and diarrheal7,38.

On the other hand, although they are internationally recommended drugs14 for the treatment
of IPF, the Unified Health System (SUS) does not provide these drugs. They are not part of the drugs
approved by the National Commission for the Incorporation of Technologies in the SUS39.

Due to the chronic nature of IPF, initiating therapy early may represent therapeutic efficacy.
This would avoid significant modifications in lung architecture. In addition, in this context of severity,
after COVID-19 and the need to understand the SARS-CoV-2 virus, the participation of RAS in lung
disease became a little clearer.

In this sense, data from the literature demonstrate that the angiotensin-converting enzyme type
2 (ACE-2) receptor represents one of the ways in which the virus enters the lung cell40. This finding
highlights the strong impact of RAS participation in pulmonary pathophysiology.

In fact, results also demonstrate that patients with IPF have a plasma imbalance between the
axes of the components of the RAS. When compared to healthy individuals, patients with IPF had
similar plasma concentrations of Ang I, Ang II, Ang-(1-7). However, the plasma concentration of ALA
was almost four times lower in these patients41. These results indicate that, possibly, in IPF there is an
imbalance between the participation of the classical axis (ACS-AnglI-AT1) and the contemporary axis
(ACE2-Ang 1-7/ALA-Mas/MrgD) of the RAS. Quite possibly, ALA has a protective effect against
pulmonary fibrosis.

In addition, the literature also points to a higher expression of AT1 receptors and a lower
expression of the Mas receptor in the lung tissue of patients with IPF42. Taken together, these findings
indicate that the protective axis, represented by ALA and Ang-(1-7), is probably less active in these
patients.

Considering these findings in patients with IPF, ALA can be an alternative treatment, even if
adjuvant, to what has been recommended and is currently available. Further studies, both preventive
and curative, are needed to evaluate the role of endogenous regulators in the pathophysiology of IPF.
The administration of an anti-inflammatory drug such as ALA may, in the future, be considered a
therapeutic strategy to reduce, perhaps stop, the evolution of this limiting disease.

As the disease progresses, lung transplantation is the only option that can increase the survival
of these patients43, and it is urgent to find treatment alternatives that improve the prognosis.
Historically, the first lung transplant performed in Latin America was in May 1989, in the city of Porto

Alegre, which is now a referral center for transplants44.
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However, in Brazil, this option is still very limited. There are few referral centers for this type
of transplant and few donors45. There is a difficulty in finding the necessary compatibility to perform
a transplant. Thus, in Brazil, 146 adult patients are waiting on the lung transplant waiting list 46.
Regardless of the proposed treatment, the association with the pulmonary rehabilitation program in

symptomatic patients is essential for the physical capacity and quality of life of these patients43.

In recent years, with technological advances in health, numerous strategies have been studied
and used to delay the progression of the disease and improve the quality of life of these patients. In
this context, the RAS may represent an important therapeutic target, with the endogenous peptide

alamandine as its protagonist, which opposes the effects of Ang II.

Interdisciplinarity and Innovation in Scientific Research
Renin-angiotensin system and idiopathic pulmonary fibrosis: What is the link?



Lederer DJ, Martinez FJ. Idiopathic pulmonary fibrosis. In: The New England Journal of Medicine
[Internet].  European  Respiratory  Society; 2018. p. 1811-23.  Available from:
http://erspublications.com/lookup/doi/10.1183/2312508X.10009414

Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ, et al. Diagnosis of Idiopathic
Pulmonary Fibrosis. An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit
Care Med [Internet]. 2018 Sep 1;198(5):e44-68. Available from:
https://www.atsjournals.org/doi/10.1164/rccm.201807-1255ST

Pereira CAC, Cordero S, Resende AC. Progressive fibrotic interstitial lung disease. J Bras Pneumol
[Internet]. 2023 Jul 24;49(5):€20230098. Available from:
https://jornaldepneumologia.com.br/details/3858/en-US/progressive-fibrotic-interstitial-lung-disease

Moss BJ, Ryter SW, Rosas 10. Pathogenic Mechanisms Underlying Idiopathic Pulmonary Fibrosis.
Annu Rev Pathol Mech Dis [Internet]. 2022 Jan 24;17(1):515-46. Available from:
https://www.annualreviews.org/doi/10.1146/annurev-pathol-042320-030240

Meltzer EB, Noble PW. Idiopathic pulmonary fibrosis. Orphanet J Rare Dis [Internet]. 2008 Dec
26;3(1):8. Available from: https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-3-8

Funke M, Geiser T. Idiopathic pulmonary fibrosis: the turning point is now! Swiss Med Wkly
[Internet]. 2015 May 29;145(May):1-13. Available from: http://doi.emh.ch/smw.2015.14139

Baddini-Martinez J, Pereira CA. Quantos pacientes com fibrose pulmonar idiopatica existem no
Brasil? J Bras Pneumol. 2015;41(6):560-1.

Baddini-Martinez J, Baldi BG, Costa CH da, Jezler S, Lima MS, Rufino R. Update on diagnosis and
treatment of idiopathic pulmonary fibrosis. J Bras Pneumol [Internet]. 2015 Oct;41(5):454—66.
Available from: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1806-
37132015000500454&Ing=en&tlng=en

Albashir AAD. Renin-Angiotensin-Aldosterone System (RAAS) Inhibitors and Coronavirus Disease
2019 (COVID-19). South Med J. 2021;114(1):51-6.

SBPT. Fibrose Pulmonar Idiopética [Internet]. Sociedade Brasileira de Pneumologia e Tisiologia.
2023. Available from: https://sbpt.org.br/portal/publico-geral/doencas/fibrose-pulmonar-idiopatica/

Mikolasch TA, Garthwaite HS, Porter JC. Update in diagnosis and management of interstitial lung
disease. Clin Med (Northfield I1) [Internet]. 2017 Apr 1;17(2):146-53. Available from:
https://www.rcpjournals.org/lookup/doi/10.7861/clinmedicine.17-2-146

Oliveira DS, Aratjo Filho J de A, Paiva AFL, Ikari ES, Chate RC, Nomura CH. Idiopathic interstitial
pneumonias: review of the latest American Thoracic Society/European Respiratory Society
classification. Radiol Bras [Internet]. 2018 Oct 18;51(5):321-7. Available from:
http://dx.doi.org/10.1590/0100-3984.2016.0134

Hutchinson JP, McKeever TM, Fogarty AW, Navaratnam V, Hubbard RB. Increasing Global
Mortality from Idiopathic Pulmonary Fibrosis in the Twenty-First Century. Ann Am Thorac Soc
[Internet]. 2014 Oct;11(8):1176-85. Available from:
https://www.atsjournals.org/doi/10.1513/AnnalsATS.201404-1450C

Interdisciplinarity and Innovation in Scientific Research
Renin-angiotensin system and idiopathic pulmonary fibrosis: What is the link?



Raghu G, Remy-Jardin M, Richeldi L, Thomson CC, Antoniou KM, Bissell BD, et al. Idiopathic
Pulmonary Fibrosis (an Update) and Progressive Pulmonary Fibrosis in Adults: An Official
ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med. 2022;205(9):E18-47.

Algranti E, Saito CA, Silva DRM e, Carneiro APS, Bussacos MA. Mortality from idiopathic
pulmonary fibrosis: a temporal trend analysis in Brazil, 1979-2014. J Bras Pneumol [Internet]. 2017
Dec;43(6):445-50. Available from: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1806-
37132017000600445&Ing=en&tlng=en

Cottin V, Wollin L, Fischer A, Quaresma M, Stowasser S, Harari S. Fibrosing interstitial lung diseases:
Knowns and wunknowns. Eur Respir Rev [Internet]. 2019;28(151):1-9. Available from:
http://dx.doi.org/10.1183/16000617.0100-2018

Martinez FJ, Collard HR, Pardo A, Raghu G, Richeldi L, Selman M, et al. Idiopathic pulmonary
fibrosis. Nat Rev Dis Prim [Internet]. 2017 Dec 21;3(1):17074. Available from:
http://www.nature.com/articles/nrdp201774

Pereira JM. Fibrose Pulmonar Idiopatica. Acta Radiolégica Port [Internet]. 2016;28(108):1. Available
from: https://www.sprmn.pt/revista/arp108/pdf/ARP 108 artigo opiniao.pdf

Selman M, Pardo A. When things go wrong: exploring possible mechanisms driving the progressive
fibrosis phenotype in interstitial lung diseases. Eur Respir J [Internet]. 2021 Sep;58(3):2004507.
Available from: http://dx.doi.org/10.1183/13993003.04507-2020

Phan THG, Paliogiannis P, Nasrallah GK, Giordo R, Eid AH, Fois AG, et al. Emerging cellular and
molecular determinants of idiopathic pulmonary fibrosis. Cell Mol Life Sci [Internet].
2021;78(5):2031-57. Available from: https://doi.org/10.1007/s00018-020-03693-7

Fernandez IE, Eickelberg O. The Impact of TGF-f on Lung Fibrosis. Proc Am Thorac Soc [Internet].
2012 Jul 15;9(3):111-6. Available from: http://www.atsjournals.org/doi/abs/10.1513/pats.201203-
023AW

Bitker L, Burrell LM. Classic and Nonclassic Renin-Angiotensin Systems in the Critically Ill. Crit
Care Clin [Internet]. 2019 Apr;35(2):213-27. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S074907041830770X

Ferreira AJ, Shenoy V, Yamazato Y, Sriramula S, Francis J, Yuan L, et al. Evidence for angiotensin-
converting enzyme 2 as a therapeutic target for the prevention of pulmonary hypertension. Am J Respir
Crit Care Med. 2009;179(11):1048-54.

Kawai T, Forrester SJ, O’Brien S, Baggett A, Rizzo V, Eguchi S. AT1 receptor signaling pathways in
the cardiovascular system. Pharmacol Res [Internet]. 2017 Nov;125(12):4—13. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S1043661817304607

Ferreira AJ, Santos RAS, Raizada MK. Angiotensin-(1-7)/Angiotensin-Converting Enzyme 2/Mas
Receptor Axis and Related Mechanisms. Int J Hypertens [Internet]. 2012;2012:1-2. Available from:
http://www.hindawi.com/journals/ijhy/2012/690785/

Hussain M, Awan FR. Hypertension regulating angiotensin peptides in the pathobiology of
cardiovascular disease. Clin Exp Hypertens [Internet]. 2018 May 19;40(4):344-52. Available from:
https://doi.org/10.1080/10641963.2017.1377218

Interdisciplinarity and Innovation in Scientific Research
Renin-angiotensin system and idiopathic pulmonary fibrosis: What is the link?



Grobe JL, Mecca AP, Lingis M, Shenoy V, Bolton TA, Machado JM, et al. Prevention of angiotensin
[I-induced cardiac remodeling by angiotensin-(1-7). Am J Physiol Circ Physiol [Internet]. 2007
Feb;292(2):H736—42. Available from: https://www.physiology.org/doi/10.1152/ajpheart.00937.2006

Lautner RQ, Villela DC, Fraga-Silva RA, Silva N, Verano-Braga T, Costa-Fraga F, et al. Discovery
and Characterization of Alamandine. Circ Res [Internet]. 2013 Apr 12;112(8):1104—11. Available
from: https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.113.301077

Qaradakhi T, Apostolopoulos V, Zulli A. Angiotensin (1-7) and Alamandine: Similarities and
differences. = Pharmacol = Res  [Internet]. 2016  Sep;111:820—-6.  Available  from:
http://dx.doi.org/10.1016/j.phrs.2016.07.025

Villela DC, Passos-Silva DG, Santos RAS. Alamandine: A new member of the angiotensin family.
Curr Opin Nephrol Hypertens. 2014;23(2):130-4.

de Carvalho Santuchi M, Dutra MF, Vago JP, Lima KM, Galvao I, de Souza-Neto FP, et al.
Angiotensin-(1-7) and Alamandine Promote Anti-inflammatory Response in Macrophages In Vitro
and In Vivo. Mediators Inflamm [Internet]. 2019 Feb 21;2019:1-14. Available from:
https://www.hindawi.com/journals/mi/2019/2401081/

RUBIN AS, MOREIRA JDS, PORTO NDS, IRION KL, MOREIRA RF, SCHEIDT B. Fibrose
pulmonar idiopatica: caracteristicas clinicas e sobrevida em 132 pacientes com comprovagdo
histologica. J Pneumol [Internet]. 2000 Apr;26(2):61-8. Available from:
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0102-
35862000000200004&Ing=pt&ting=pt

Collard HR, Moore BB, Flaherty KR, Brown KK, Kaner RJ, King TE, et al. Acute Exacerbations of
Idiopathic Pulmonary Fibrosis. Am J Respir Crit Care Med [Internet]. 2007 Oct 1;176(7):636—43.
Available from: https://www.atsjournals.org/doi/10.1164/rccm.200703-463PP

Raghu G, Anstrom KJ, King TE, Lasky JA, Martinez FJ. Prednisone, Azathioprine, and N-
Acetylcysteine for Pulmonary Fibrosis. N Engl J Med [Internet]. 2012;366(21):1968—77. Available
from: https://www.nejm.org/doi/pdf/10.1056/nejmoal 113354

Glass DS, Grossfeld D, Renna HA, Agarwala P, Spiegler P, DeLeon J, et al. Idiopathic pulmonary
fibrosis: Current and future treatment. Clin Respir J [Internet]. 2022 Feb 10;16(2):84-96. Available
from: https://onlinelibrary.wiley.com/doi/10.1111/crj.13466

Raghu G, Rochwerg B, Zhang Y, Garcia CAC, Azuma A, Behr J, et al. An Official
ATS/ERS/JRS/ALAT Clinical Practice Guideline: Treatment of Idiopathic Pulmonary Fibrosis. An
Update of the 2011 Clinical Practice Guideline. Am J Respir Crit Care Med [Internet]. 2015 Jul
15;192(2):e3—19. Available from: https://www.atsjournals.org/doi/10.1164/rccm.201506-1063ST

Perelas A, Silver RM, Arrossi A V., Highland KB. Systemic sclerosis-associated interstitial lung
disease. Lancet Respir Med [Internet]. 2020 Mar;8(3):304-20. Available from:
http://dx.doi.org/10.1016/S2213-2600(19)30480-1

CONITEC CN de I de T no S. Pirfenidona para o tratamento de fibrose pulmonar idiopatica (FPI).
Conitec. 2018;420.

CONITEC CN de I de T no S. Esilato de Nintedanibe para o Tratamento de Fibrose Pulmonar
Idiopatica. Conitec [Internet]. 2018;102. Available from: https://www.gov.br/conitec/pt-

Interdisciplinarity and Innovation in Scientific Research
Renin-angiotensin system and idiopathic pulmonary fibrosis: What is the link?



br/midias/consultas/relatorios/2018/sociedade/20210107 resoc102 nintedanibe fibrose pulmonar i
diopatica.pdf

Ingraham NE, Barakat AG, Reilkoff R, Bezdicek T, Schacker T, Chipman JG, et al. Understanding
the renin—angiotensin—aldosterone—SARS-CoV axis: a comprehensive review. Eur Respir J [Internet].
2020 Jul;56(1):2000912. Available from: http://dx.doi.org/10.1183/13993003.00912-2020

Sipriani TS, dos Santos RAS, Rigatto K, Tais Salvi S, Robson Augusto Souza dos S, Katya R. The
Renin-Angiotensin System: Alamandine is reduced in patients with Idiopathic Pulmonary Fibrosis. J
Cardiol Cardiovasc Med [Internet]. 2019 Nov 20;4(3):210-5. Available from:
https://www.heighpubs.org/jccm/jccm-aid1070.php

Raupp D, Fernandes RS, Antunes KH, Perin FA, Rigatto K. Impact of angiotensin II type 1 and G-
protein-coupled Mas receptor expression on the pulmonary performance of patients with idiopathic
pulmonary  fibrosis.  Peptides [Internet]. 2020  Nov;133:170384.  Available  from:
https://linkinghub.elsevier.com/retrieve/pii/S0196978120301339

Amaral AF, Colares P de FB, Kairalla RA. Idiopathic pulmonary fibrosis: current diagnosis and
treatment. J Bras Pneumol [Internet]. 2023 Jun 20;49(4):¢20230085. Available from:
https://jornaldepneumologia.com.br/details/3847/en-US/idiopathic-pulmonary-fibrosis--current-
diagnosis-and-treatment

SANTA CASA CELEBRA 30 ANOS DO PRIMEIRO TRANSPLANTE DE PULMAO DA
AMERICA LATINA. Santa Casa de Porto Alegre. 2019.

Machuca TN, Schio SM, Camargo SM, Lobato V, Costa CDO, Felicetti JC, et al. Prognostic Factors
in Lung Transplantation: The Santa Casa de Porto Alegre Experience. Transplantation [Internet]. 2011
Jun 15;91(11):1297-303. Available from: https://journals.lww.com/00007890-201106150-00024

Associagdo Brasileira de Transplante de Orgios (ABTO). Registro Brasileiro de Transplantes. Assoc
Bras Transpl Orgaos [Internet]. 2023;2(XXIV). Available from: https://site.abto.org.br/conteudo/rbt/

Interdisciplinarity and Innovation in Scientific Research
Renin-angiotensin system and idiopathic pulmonary fibrosis: What is the link?



