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Abbreviations: RAS, renin angiotensin system; IPF, idiopathic 
pulmonary fibrosis; HCV, hepatitis C virus; BPD, bronchopulmonary 
dysplasia; ECM, extracellular matrix; ACE, angiotensin converting 
enzyme; ACE-2, angiotensin converting enzyme 2; Ang I, angiotensin 
I; Ang II, angiotensin II; Ang 1-7, angiotensin 1-7; AT1, angiotensin II 
receptor 1; AT2, angiotensin II receptor 2

Introduction
Diseases of liver and lung are of particular importance in both 

Egypt and the US. Hepatitis C (HCV) and schistosomiasis are major 
causes of liver fibrosis and cirrhosis in Egypt,1,2 while reported cases 
of acute viral hepatitis C infection increased more than 2.5 times in 
the US.3 Interestingly, HCV was shown to enhance the development 
of idiopathic pulmonary fibrosis (IPF) and is considered one of the 
risk factors for IPF.4 Additionally, treatment of HCV with alpha 
interferon was shown to worsen IPF.5,6 These facts support the 
need for a curative treatment of HCV-induced liver fibrosis and IPF 
different from currently available interferon-based therapy. Another 
fibroproliferative disease of the lung is bronchopulmonary dysplasia 
(BPD). BPD occurs in premature neonates with respiratory distress 
who require supplemental oxygen in the first days after birth. 
Occurrence of premature birth continues to rise in the US7 with about 
20% of preterm infants diagnosed with BPD.8,9 BPD has become 
more common among Egyptian infants because of advances in care 
system.10 

Liver fibrosis and cirrhosis in hepatitis C

Liver fibrosis is an increasing problem in the Egyptian population 
due to the spread of schistosomiasis and chronic hepatitis C.11 
Hepatitis C virus (HCV) infection is a major medical challenge 
affecting around 200 million people worldwide. HCV is a major cause 

of chronic hepatitis, cirrhosis, and liver cancer occurring in up to 3% 
of the world’s population. Parenteral exposure to HCV is the major 
mode of transmission of infection. Once established, infection will 
persist in up to 85% of individuals with only a minority of patients 
clearing viremia.12 Egypt has possibly the highest HCV prevalence in 
the world where 10%-20% of the general population is infected with 
HCV.13 According to the Centers for Disease Control and Prevention 
(CDC), liver cirrhosis is the 4th cause of death in Egypt with hepatitis 
being the 9th cause.14 Direct healthcare costs of HCV-related disease 
exceed $700 million annually and consume approximately 4.0% of 
the total health expenditure in Egypt, exemplifying the magnitude of 
the HCV epidemic in Egypt.15,16 

In the US, reported cases of acute viral hepatitis C infection 
increased more than 2.5 times from 2010-2014. Based on new 
epidemiologic studies, at least 4.6 million persons are HCV-antibody 
positive and approximately 3.5 million are currently infected with 
HCV.3 This makes HCV infection the largest blood-borne viral 
epidemic in the USA, causing more deaths than HIV, and the leading 
cause of cirrhosis, liver cancer, liver failure, and deaths from liver 
disease.17,18 Treatment of HCV patients can prevent cirrhosis, liver 
failure, hepatocellular carcinoma, liver transplantation, and death, and 
can cure extra hepatic manifestations, relieve symptoms, and improve 
quality of life.19,20 This emphasizes the need to develop new treatment 
approach for HCV patients to prevent and reverse or at least attenuate 
liver fibrosis and cirrhosis. Most importantly, however, many patients 
with advanced liver disease and cirrhosis suffer from persistent liver 
injury even years after HCV cure.21,22

Idiopathic pulmonary fibrosis

Idiopathic pulmonary fibrosis (IPF) is the most commonly 
encountered interstitial lung disease. The published prevalence of IPF 
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Liver and lung fibrosis are two main organ diseases that are of particular importance in both 
Egypt and the US. Hepatitis C Virus “HCV” infection and idiopathic pulmonary fibrosis 
(IPF) are fibrotic diseases of the liver and lung respectively. The liver and lung are reported 
in literature to share many immune/inflammatory responses to damage through the lung-
liver axis. Most importantly, HCV was shown to enhance the development of IPF and is 
considered one of the risk factors for IPF. The renin angiotensin system (RAS) plays a 
critical role in the fibrogenesis and inflammation damage of many organs including liver 
and lung. The relatively recently identified component of RAS, angiotensin converting 
enzyme-2 (ACE-2), has shown a promising therapeutic potential in models of liver and 
pulmonary fibrosis. This article reviews the role of RAS in organ fibrosis with focus on role 
of ACE-2 in fibrotic diseases of the liver and the lung.
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in various countries of the world has ranged from 0.7 per 100,000 in 
Taiwan to 63.0 per 100,000 in the United States, and the published 
incidence has ranged from 0.6 per 100,000 person/year to 17.4 per 
100,000 person/year.23 A multicenter hospital-based case-control 
study was carried out in chest hospitals affiliated to three Egyptian 
cities (Cairo, Tanta and Mansoura) showed that some of the common 
occupations in Egypt are important risk factors for the development of 
IPF, including farming, raising birds and wood working. In this study, 
the risk of IPF in male workers was observed to increase significantly 
in chemical and petrochemical industries and carpentry and wood 
working, and with occupational exposures to wood dust and wood 
preservatives. Among female workers, a significant increase was 
observed in farming, raising birds and occupational exposures to 
animal feeds, products and dusts and pesticides.24 

In the United States, the annual medical cost to the U.S. health care 
system for IPF patients is estimated at close to $2 billion, excluding 
medication costs, as patients with IPF have an 82% higher risk of 
hospitalization.25 IPF is characterized by progressive accumulation of 
scar tissue in the lung and is associated with a median life expectancy 
of 2-5 years. Treatment options for IPF are limited, focusing on 
ineffective anti-inflammatory therapy, palliation, transplant or trial 
recruitment.26 Despite the ongoing research for the development 
of new antifibrotic drugs, there is no definitive cure yet for this 
devastating disease.

Bronchopulmonary dysplasia

Bronchopulmonary Dysplasia (BPD) occurs in premature neonates 
with respiratory distress who require supplemental oxygen in the 
first days after birth. BPD is recognized as a chronic lung disease of 
infancy that presents as a systemic syndrome and is associated with 
neurodevelopmental deficits, cerebral palsy, cognitive impairments, 
failure to thrive, corpulmonale, and pulmonary hypertension.27 High 
rates of in utero and perinatal exposure to infection may be causally 
related to preterm delivery and subsequent lung injury.28 Over the past 
2 decades, the histological presentation of BPD has changed from 
heterogeneous pulmonary inflammation and fibrosis to uniform arrest 
of alveolar development and variable interstitial cellularity and/or 
fibroproliferation.29,30

Occurrence of premature birth continues to rise in the US (12-
13%), and preterm infants are at high risk for long-term medical 
impairments, including BPD and chronic lung disease of infancy.9 
Many premature newborns require treatment in a neonatal intensive 
care unit at an annual national cost that exceeds $4 billion,31 with 
estimated overall costs of treating babies with BPD to be $2.4 billion. 
This amount is second only to the costs for treating asthma and far 
exceeds the costs for treating cystic fibrosis.32 BPD is also considered 
the single costliest complication of hospitalization among preterm 
infants, with an average cost per discharge of $116,000.33 Despite 
many advances in neonatal ventilation techniques, widespread use 
of surfactant and antenatal corticosteroids, the incidence of BPD has 
remained the same34 or even increased slightly.35,36

BPD has become more common among Egyptian infants because 
of advances in care and changes in the gestational age of premature 
infants. The lack of uniformity in the diagnostic criteria of BPD may 
be responsible for some of the reported variation.10 There is even 
higher incidence of Respiratory Distress Syndrome (up to 80%) is 

seen in preterm infants with very low birth weight in BPD studies 
on the Egyptian population because of surfactant delay due to 
limited healthcare resources.10,37 BPD is associated with significant 
pulmonary and neurodevelopmental sequelae that continue to have 
health consequences into adulthood.35,38,39 Home oxygen therapy 
averages 92 days, when required and up to 50% of babies with BPD 
require readmission to the hospital for lower respiratory tract illness 
in the first year of life. This necessitates developing new approaches 
for BPD prevention and treatment.

Liver and lung fibrosis 

The liver and lung are reported in literature to share many 
general responses to damage involving oxidative stress and altered 
extracellular matrix (ECM) deposition in what is called the lung-liver 
axis. Additionally, both organs possess resident macrophages that 
play key roles in mediating the immune/inflammatory response.40─43 
Idiopathic pulmonary fibrosis (IPF) is a possible autoimmune 
manifestation of HCV infection.4,44 A number of studies have 
suggested an association between IPF and viruses such as hepatitis C.45 
However, there is still some ambiguity with respect to the association 
between HCV infection and IPF.46 The following lines of evidence 
would provide varying degrees of support for a pathogenetic link 
between HCV infection and IPF. First, there is a higher frequency of 
HCV markers in IPF patients such as anti-HCV antibodies, increased 
prevalence of HCV infection and viral replication (13.3% vs. 0.3% in 
control group),47 second, there is an increased count of lymphocytes 
and neutrophils in bronchoalveolar lavage fluid in patients with HCV 
chronic infection.48,49 Third, the frequency of pulmonary fibrosis 
was higher in patients with cryoglobulinemia related to HCV than 
in cryoglobulin-negative patients.50 It is suggested that pulmonary 
fibrosis in HCV-related cryoglobulinemia is triggered by vascular 
deposition of circulating HCV-containing immune complexes.51 
Furthermore, sometimes IPF is aggravated or manifest after treatment 
with alpha interferon, the standard therapy for chronic hepatitis C.5,6,52 

Renin angiotensin system in fibrosis

The renin angiotensin system (RAS) (Figure 1) has been 
traditionally viewed as an endocrine system “Endocrine RAS” playing 
a significant role in blood pressure regulation. In the endocrine RAS, 
the kidney produced enzyme renin acts on circulating AGT protein. 
Renin cleaves AGT to produce a fragment of 10 amino acids known 
as angiotensin I (Ang I). Ang I is converted by angiotensin-converting 
enzyme (ACE) to the active octapeptideAng II that exerts its actions 
through binding to specific cell surface angiotensin receptors. Two 
main receptors to Ang II have been identified; AT1 and AT2, both belong 
to superfamily of seven transmembrane G-protein coupled receptors. 
The AT1 receptor mediates all of the classical actions of Ang II 
(vasodilation, sodium retention, cell growth and proliferation), while 
AT2 receptor promotes vasodilation, cell differentiation, inhibition of 
cell growth and apoptosis and may play a counterbalancing role to the 
effects of Ang II on AT1 receptor.53 The angiotensin converting enzyme 
2 (ACE-2) was shown to play a protective role in the fibrogenesis and 
inflammation of many organs including liver and lung.54,55 ACE-2 is a 
part of the renin angiotensin system (Figure 1). ACE-2 and its product 
angiotensin 1–7 (Ang 1-7) acting on mas oncogene receptor were 
identified more recently than the previously mentioned components 
of this system and are thought to have counteracting effects against 
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the adverse actions of these other RAS components. Findings from 
numerous experimental studies have suggested notable protective 
effects in the cardiovascular system.56 

Figure 1 Renin Angiotensin System (RAS).

More recently, “Local RAS” has been identified in variety of tissues 
such as heart, kidney, liver, lung, brain, pancreas and adipose tissue, 
where RAS components expression has been detected.57,58 Local RAS 
is involved in injury, inflammatory and fibrogenic diseases of many 
organs including heart,59,60 lung,61,62 liver,63 pancreas64 and kidneys65,66 
by mechanisms independent of the blood-derived RAS.

Angiotensin converting enzyme-2 (ACE-2) in fibrosis

ACE-2 and its product Ang 1-7 were shown to play a protective 
role in experimental models of fibrosis. In cardiac fibrosis, ACE-2 
expression was shown to be protective against angiotensin II-induced 
and hypertension-induced cardiac fibrosis.67 In liver fibrosis, both Ang 
1-7 and ACE-2 provide protection against the development of liver 
injury and progression to cirrhosis.68 In experimental acute lung injury, 
ACE-2 also has protective effect associated with reduced levels of 
Ang II. Earlier studies of knockout mice have shown a clear protective 
effect of ACE-2 on experimental acute lung injury in response to acid 
aspiration or sepsis; the protective effect of ACE-2 was associated with 
reduced levels of Ang II after experimental lung injury.66 A study on 
rat brain astrocytes showed that Ang II down-regulates ACE-2 mRNA 
through angiotensin receptorI in a positive feed-forward system that 
favors Ang II – mediated responses.69 In the lung models of fibrosis, 
ACE-2 was shown to regulate alveolar epithelial cell survival by 
balancing the proapoptoticAng II and its antiapoptotic degradation 
product Ang1–7 through its receptor “mas”.54,70 

ACE-2 and liver fibrosis

The role of ACE-2 in liver disease is of special interest as several 
lines of evidence suggest that the RAS also participates in the 
regulation of hepatic inflammation, tissue remodeling, and fibrosis 
after liver injury analogous to other organs. RAS induces key steps 
involved in hepatic fibrosis, such as activation of hepatic stellate cells 
and expression of transforming growth factor β1.71 Treatment with 
angiotensin-converting enzyme inhibitors, and angiotensin receptor 
blockers attenuate fibrosis progression in both animal and human 
studies.72 Additionally, supplementation of ACE-2 can prevent liver 
fibrosis of bile duct ligation mouse model.55,72 

ACE-2 and pulmonary fibrosis

Similar to liver disease, ACE-2 has been shown to play an 
established protective role in lung disease through effects mediated 
by Mas oncogene, the ACE-2 peptide product ANG1-7 receptor.54,73─75 
Previous studies from our lab and other groups suggest that ACE-2 is 
down-regulated in fibrotic conditions of the adult and neonatal human 
lung54,73,74 via Mas receptor mechanisms.70 Data from our lab was 
first to discover the significant decrease of ACE-2 in the human IPF 
lung and identify the protective effects of ACE-2 in the IPF disease.54 
We also demonstrated that ACE-2 regulates alveolar epithelial cell 
survival by balancing the proapoptotic Ang II and its antiapoptotic 
degradation product Ang 1-7 through the Ang 1-7 action on its 
receptor “mas”.70 

The alveolar epithelial type II cells are considered lung alveolar 
“stem cells”.76,77 They represent a major source of ACE-2 in the adult 
lung, are normally quiescent but actively proliferate in lung fibrosis 
due to lung injury and downregulate this protective enzyme. In our 
studies we found that in lung biopsy specimens obtained from IPF 
patients, immunoreactive ACE-2 was absent in alveolar epithelia that 
were positive for proliferation markers but was robustly expressed in 
alveolar epithelia devoid of proliferation markers. This explained the 
loss of ACE-2 in lung fibrosis and demonstrated cell cycle-dependent 
regulation of this protective enzyme.78

ACE-2 and bronchopulmonary dysplasia

Bronchopulmonary dysplasia (BPD) is recognized as a chronic 
lung disease of infancy that presents as a systemic syndrome and 
can be associated with neurodevelopmental deficits, cognitive 
impairments, failure to thrive, pulmonary hypertension and 
corpulmonale.27 Supplemental oxygen, which is frequently used in 
the treatment of pulmonary insufficiency in premature infants, has 
been implicated in the development of BPD.73,74 In adult animal 
models of acute lung injury,79,80 ACE-2 was shown to inhibit lung 
edema formation and inflammation as well as fibrogenesis. However, 
little is known about the role of ACE-2 in neonatal models of BPD. 
Our research group showed that ACE-2 is expressed in fetal human 
lung fibroblasts but is significantly decreased by hyperoxic gas lung 
injury,74 an effect reversed when hyperoxia preceded by hypoxia.73 
Furthermore, Wagenaar et al.75 showed that Mas receptor agonists 
reduce inflammation of the oxygen-induced lung injury in rats.75 

Chorioamnionitis and mechanical ventilation are also associated 
with bronchopulmonary dysplasia (BPD) in preterm infants.81,82 A 
study by Hillman et al.,82 on neonatal lamb model of chorioamnionitis 
and infection showed altered ratio of ACE-1 to ACE-2.82 Although 
studied in adults, a recent pilot clinical trial of GSK2586881, a 
recombinant form of human angiotensin-converting enzyme 2 
(rhACE-2) was performed in adults with acute respiratory distress 
syndrome. As a result of treatment there was a trend for a decrease 
in interleukin-6 concentrations in rhACE-2-treated subjects compared 
with placebo.83 This shows potential use of ACE2 as a therapeutic for 
neonates as well.

Conclusion
Fibrotic diseases of the liver and the lung are of great healthcare 

concern and economic importance in both the US and Egypt. HCV-
induced liver fibrosis, IPF, and BPD are fibrotic diseases of the liver 
and the lung in which a role for the RAS has been established. The 
increasing rate and incidence of HCV in both the US and Egypt 
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necessitates exploring new treatment options for liver fibrosis. HCV 
is also considered a risk factor for IPF, the most common form 
of interstitial lung disease with no definite cure so far. This also 
mandates novel therapeutics exploration for IPF. Both the liver and 
lung share common responses to damage leading to disruption in the 
ECM and leading to organ fibrosis. The local RAS contains many 
molecules. The ACE/Ang II/AT1 axis of the system plays role in the 
development of fibrotic diseases, while the other counter components, 
ACE-2/Ang1-7/Mas axis, have shown potential protective effects in 
organ fibrosis. Treatment of liver and lung fibrosis by stimulating this 
protective arm of RAS would offer new therapeutic options. 

Authors are shedding the light on the connection between and 
the importance of lung and liver fibrotic diseases. Futures studies are 
planned by authors to further understand role of RAS in lung and liver 
injury and suggest that RAS modification by using ACE-2 might be a 
potential therapy to prevent/attenuate Lung and liver fibrosis/disease.
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