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Abstract 

Sirtuins are NAD-dependent class III histone deacetylase, which modulate the epigenetic 

changes to influence the functions in normal and diseased conditions. Preclinical studies have 

described an increase in the levels of sirtuin 2 and decrease in the levels of sirtuin 6 in the lungs. 

Sirtuin 2 exerts proinflammatory actions and hence, its blockers reduce the airway inflammation 

and symptoms of asthma. On the other hand, sirtuin 6 is anti-inflammatory and its activators 

produce beneficial actions in asthma. The beneficial effects of sirtuin 6 have been attributed to 

decrease in acetylation of transcriptional factor GATA3 in the T cells, which is associated with 

decrease in the TH2 immune response. However, there seems to be dual role of sirtuin 1 in 

airway inflammation as its proinflammatory as well as anti-inflammatory actions have been 

described in asthma. The anti-inflammatory actions of sirtuin 1 have been attributed to decrease 

in acetylation of GATA3 and inhibition of Akt/NF-kappaB signaling. On the other hand, 

proinflammatory actions of sirtuin 1 have been attributed to increase in the expression of HIF-1α 

and VEGF along with repression of PPAR-γ activity. The present review discusses the role of 

different sirtuins in the pathogenesis of bronchial asthma. Moreover, it also discusses sirtuin-

triggered signaling pathways that may contribute in modulating the disease state of bronchial 

asthma. 
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1. Introduction 

 Sirtuins (silent information regulator genes) belong to the family of histone deacetylase 

(HDAC). Indeed, sirtuins are NAD-dependent class III HDAC and these are further classified 

into seven types (sirtuins 1 to 7). These different sirtuins have similar catalytic domain and 

employ NAD+ as co-substrate, however, these are different from one another in terms of 

substrate affinities and sub-cellular localization (Schemies et al., 2010; Vassilopoulos et al., 

2011). Being the family members of HDAC, sirtuins primarily modulate the epigenetic changes 

to induce biological actions (Bosch-Presegué and Vaquero 2015). Epigenetic changes refer to 

changes in the gene expression without any change in the DNA sequence. A large number of 

studies have shown that sirtuins regulate the key physiological processes including controlling 

cellular proliferation, metabolism and aging through transcriptional repression (van de Ven et al., 

2017; Gomes et al., 2015). Moreover, their role in the pathophysiology of cardiac diseases 

(Matsushima and Sadoshima 2015), renal diseases (Morigi et al., 2018), metabolic diseases 

(Kumar and Lombard 2015), neurodegenerative diseases (Herskovits and Guarente 2013) and 

cancer (O'Callaghan and Vassilopoulos 2017) has also been increasingly identified.  

 The role of sirtuins in the development of airway inflammation in bronchial asthma has 

also been identified (Tang et al., 2017; Colley et al., 2017; Wang et al., 2015). Indeed, it has been 

shown that sirtuins regulate the different steps of inflammation, particularly TH2-mediated 

immune response (Legutko et al., 2011; Hu et al., 2014), whose role in the pathophysiology of 

bronchial asthma is very well defined (Wegmann et al., 2009). Furthermore, the circadian 

decline in lung function and exacerbations of respiratory dysfunction has also been associated 

with sirtuin-mediated post-translation modification of clock gene transcription factors (Yao et al. 

2015, Hwang et al., 2014; Sundar et al., 2015). The present review discusses the role of different 
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sirtuins in the pathogenesis of bronchial asthma. Moreover, it also discusses sirtuin-triggered 

signaling pathways that may contribute in modulating the disease state of bronchial asthma.  

2. Biology of sirtuins 

 Sirtuins are NAD-dependent class III HDAC as these enzymes have a common 

requirement of NAD+ as a cofactor to deacetylase a diverse range of substrates ranging from 

histone to non-histone proteins including transcriptional factors (Martínez-Redondo and Vaquero 

2013). Firstly, sirtuin was discovered in Saccharomyces cerevisiae as silent information 

regulator 2 gene (Sir2) and later, these were discovered in other species including in mammals. 

All the known sirtuins have an important role in epigenetic regulation i.e. affecting the gene 

expression without altering the DNA sequence (Bosch-Presegué and Vaquero 2015; Michan and 

Sinclair 2007). Indeed, deacetylation of histone proteins increases the positive charge on the 

histone proteins leading to their increased affinity for DNA that result in the formation of a 

compacted chromatin to repression transcription. Sirtuins-mediated recruitment of other nuclear 

enzymes to alter histone methylation and DNA CpG methylation also affects gene expression 

(O'Hagan et al., 2008). Furthermore, sirtuins deacetylate a wide range transcription factors and 

enzymes including p53, forkhead box subgroup O (FOXOs), peroxisome proliferator-activated 

receptors (PPARs), NF-kappaB, and DNA-dependent protein kinase to regulate the gene 

expression (Jęśko and Strosznajder 2016). Interestingly, sirtuins may modulate several cellular 

processes due to their additional mono-ADP- ribosyltransferase activity (Verheugd et al., 2016).  

 In the body, the ratio of NAD+/NADH is sensed by enzymes and accordingly, their 

enzymatic activity is regulated by this ratio. These enzymes are typically referred to as 

oxidoreductase enzymes or redox enzymes. Interestingly, sirtuins are non-redox enzymes and 

their activity is not controlled by NAD+/NADH ratio or NADH. Rather, NAD+ is the only 
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cofactor which seems to influence the enzymatic activity of sirtuins (Anderson et al., 2017). 

Amongst the seven members, sirtuin 1 is localized in the nucleus and sirtuin 2 is present in the 

cytoplasm near the microtubules. However, sirtuin 2 has the ability to shuttle between the 

nucleus and cytoplasm. Sirtuin 3, 4 and 5 are located in the mitochondria and regulate the basic 

mitochondrial functions including ATP production, metabolism and apoptosis. Sirtuin 6 and 7 

are present in the nucelus. Physiologically, sirtuin 6 regulates DNA repair and helps in the 

maintenance of genomic stability, while sirtuin 7 is present in the nucleoli and works in 

association with active rRNA genes (Vassilopoulos et al., 2011; Michan and Sinclair 2007). 

 The interest of scientists in sirtuins was initiated on the basis of the finding that 

overexpression of these enzymes help in extending the life span possibly by retarding the process 

of aging (Grabowska et al., 2017). Subsequent studies revealed the wide spectrum of action of 

these enzymes and scientists delineated the key physiological as well as the pathological 

functions of sirtuins. The key role of extra-nuclear sirtuins (2, 3, 4, and 5) in regulating metabolic 

processes and anti-oxidative defense mechanisms has been defined. Indeed, these sirtuins tend to 

maintain the metabolic homeostasis in response to metabolic stress induced by a large number of 

factors including overfeeding and obesity (Elkhwanky and Hakkola 2018). Moreover, 

sirtuins modulate a variety of cellular processes associated with antioxidant and redox signaling 

(Singh et al., 2018). The key role of sirtuins in cellular proliferation has been delineated and 

accordingly, studies have shown the key contribution of these enzymes in the pathogenesis of 

cancers of diverse types (Garcia-Peterson et al., 2017). The role of sirtuins in cancer has been 

due to the ability of these enzymes to regulate the cellular metabolism, chromatin structure and 

genomic stability (Chalkiadaki and Guarente 2015). The ability of sirtuins to regulate the 

transcriptional factors by deacetylation also contributes in controlling the proliferation of cells. 
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Furthermore, scientist have also explored the role of different sirtuins in the pathogenesis of 

cardiac diseases (Matsushima and Sadoshima 2015), renal diseases (Morigi et al., 2018), 

metabolic diseases (Kumar and Lombard 2015), neurodegenerative diseases (Herskovits and 

Guarente 2013). 

 Sirtuins have also been projected as key therapeutic targets in the pulmonary diseases due 

to their ability to modulate the inflammatory processes (Rahman et al., 2012). The 

deficiency/reduction of sirtuin 1 in the lungs is associated with an increased cell senescence and 

development of lung diseases including emphysema. Moreover, the activation of sirtuins either 

by genetic overexpression or using pharmacological activators attenuate stress-induced cellular 

senescence and protect against emphysema in mice (Gu et al., 2015; Yao et al., 2012, 2014). The 

key role of sirtuins in the pathogenesis of bronchial asthma is also delineated in a number of 

studies (Tang et al., 2017; Colley et al., 2017; Wang et al., 2015; Chen et al., 2015).    

3. Pharmacological Modulators (activators and inhibitors) of Sirtuins 

  Scientists have developed various pharmacological modulators of sirtuins to delineate 

the role of sirtuins in the pathogenesis of diseases and explore their therapeutic potential in 

ameliorating the disease state (Villalba and Alcaín 2012). Resveratrol is a polyphenol, natural 

compound which has been employed as activator of sirtuin 1 (Chen et al., 2017; Deus et al., 

2017). However, the major limitation of this natural compound is poor bioavailability and 

scientists have used various formulations of resveratrol to overcome the limitation of 

bioavailability (Peñalva et al., 2018). In addition, synthetic molecules have also been designed, 

synthesized and employed as activators of sirtuins 1 which are more potent than resveratrol 

including STR1720 (Lv et al., 2015), SRT2104 (Jiang et al., 2014; van der Meer et al., 2015) and 

SRT2379 (Wiewel et al., 2013). These activators have been used in a number of preclinical 
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studies to delineate the potential role of sirtuin1 in the pathogenesis of different diseases. 

SRT2104 has been also used as a drug in a clinical Phase IIa trial in patients and Phase I trial 

showed this potential drug as safe and well tolerated (Hoffmann et al., 2013; Baksi et al., 2014).  

 Apart from sirtuin activators, scientists have also developed pharmacological inhibitors 

of sirtuins to explore their potential in different diseases. Since there is a need of cleavage of 

nicotinamide from NAD+ in sirtuin-catalyzed reactions, therefore, scientists have employed 

nicotinamide as an inhibitor of sirtuin 1 to inhibit the cleavage reactions (Li et al., 2016). The 

other inhibitors include splitomicin (inhibits sirtuin 1) (Park et al., 2019), sirtinol (inhibits both 

sirtuin 1 and 2 with IC50 values of 131 and 38 µM) (Grozinger et al. 2001; Fong et al., 2014), 

AGK2 (inhibitor of sirtuin 2) (Yu et al., 2018),  cambinol sharing the structural features of 

sirtinol and splitomicin (inhibits both SIRT1 and SIRT2 with comparable IC50) (Lugrin et al., 

2013); suramin (inhibitor of sirtuin 1, 2 and 5) (Vasquez et al., 2017); tenovin 1 (inhibitor of 

sirtuin 1 and 2) (Marx et al., 2018), tenovin 6 (sirtuin 1 inhibitor) (Yuan et al., 2017); salermide 

(sirtuin 1 and 2 inhibitor) (Rotili et al., 2012); EX-527 (selective sirtuin 1 inhibitor) (Levine et 

al., 2016). 

4. Molecular Phenotypes of Asthma  

 In contrast to the earlier views regarding bronchial asthma as a single entity, research has 

revealed the wide heterogeneity in the asthma patients. This heterogeneity has helped in 

promoting the concept that asthma consists of multiple phenotypes with their own characteristic 

features (Wenzel 2012; Ray et al., 2015). Indeed, it has been documented that the current and 

future therapies for severe asthma management should be based on these molecular phenotypes 

and biomarkers (Santus et al., 2019). Type 2 molecular phenotype is the well documented form 
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of asthma in which TH2 cells-derived cytokines IL-4, -5, and -13 play an important role. 

Moreover, there is a key involvement of eosinophils, mast cells, IgE, prostaglandin D2 and type 2 

innate lymphoid cells (ILC2). There is a high level of FeNO (fractional excretion of nitric oxide), 

mainly due to increased iNOS (inducible nitric oxide synthase activity) activity in response to 

increased levels of type 2 cytokines and eosinophils. Type 2 cytokine-targeted therapies have 

been clinically successful in the management of type 2 molecular phenotype of asthma. These 

patients can be managed by specific as well as non-specific anti-inflammatory drugs such as 

corticosteroids (Kuo et al., 2017). Type 2 phenotype is further subdivided into three subclasses, 

including early onset or “extrinsic” allergic asthma (atopic), whose characteristic feature is the 

presence of positive allergy skin tests and increased levels of IgE. There is a comparatively lesser 

role of IL-5 in comparison to IL-4 and -13 in the development of early onset allergic asthma. In 

contrast, there is a greater involvement of IL-5 (in comparison to IL-4 and -13) in another 

subtype, i.e. late (adult)-onset eosinophilic asthma. These patients have low or elevated IgE 

levels; therefore, the skin allergic test reactivity is commutatively less. However, the eosinophilia 

is greatest amongst all the subtypes and about 50% of these patients are resistant to steroid 

therapy. The symptoms are more severe and there is some obstruction in the respiratory system 

including nasal polyps (Kuruvilla et al., 2019). The third phenotype is the most severe with 

persistent elevation of eosinophils, neutrophils, IL-4,-5, -13 along with increase in type I 

cytokine (IFN-γ) and very high levels of FeNO. The contribution of activation of autoimmune 

system in this type of asthma has been described (Ray et al., 2015). 

 In contrast in non-type 2 asthma phenotype, type 2 immune pathways do not seem to play 

a significant role in its pathogenesis. Since there is a very less eosinophils count in the sputum 

(<2-2.5%) of these patients, this is also termed as non-eosinophilic asthma. Rather, there is a 
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predominant role of neutrophilic inflammation in this phenotype. Furthermore, there are low 

levels of FeNO and type 2 cytokines in these patients. Rather, it is proposed that there may be a 

significant involvement of IL-17 and TNF-α in non-T type 2 phenotype, which may contribute to 

neutrophilia and steroid resistance (McKinley et al., 2008; Baines et al., 2011). This phenotype is 

generally associated with risk factors including cigarette smoking, pollution, work-related 

agents, infections, sinus disease, gastroesophageal reflux and vocal cord dysfunction. The most 

important feature of this phenotype is that these patients show a poor response to the 

standard asthma therapy including to inhaled corticosteroids. Therefore, this type of asthma tends 

to be more severe and difficult to manage (Esteban-Gorgojo et al., 2018). 

 Another molecular phenotype that has emerged in recent years is obesity-associated 

asthma. This phenotype has been distinctly identified due to increased tendency of obese persons 

to develop asthma, particularly women and children. In this type, there is non-significant 

involvement of type 2 immune response and these patients are characterized by low FeNO, 

eosinophils, and IgE levels. Moreover, obesity-associated asthma is more severe and difficult to 

manage (Miethe et al., 2018; Maniscalco et al., 2017; De and Rastogi 2019) (Table 1). 

5. New Therapeutic Targets in Asthma especially Alteration in Metabolism and Epigenetic 

Changes  

 Research studies have identified the emergence of new therapeutic targets that may be 

pharmacologically modulated for effective management of asthma including peroxisome 

proliferator-activated receptors, PPAR (Banno et al., 2018); Rho-kinases (Zhang et al., 2019); 

MAP kinases (Chauhan et al., 2018); Nrf2 as transcriptional factor (Zhang et al., 2019); receptor 

for advanced glycation end products, RAGE (Brandt and Lewkowich 2019) and transient 
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receptor potential ion channels (Yao et al., 2019). Apart from these, research studies have also 

focused on the role of alteration in metabolism in the pathogenesis of asthma. Dysregulation 

of metabolic pathways affecting metabolism of sphingolipids, arginine, proline, 

glycerophospholipid and agmatine may also contribute in asthma (Quinn et al., 2017). Moreover, 

impairment in the cytolytic activity of natural killer cells in asthma persons is attributed to 

dysregulation of oxidative phosphorylation in these cells (Wu et al., 2018). The importance of 

dysregulation of metabolism in inflammatory cells is further emphasized by study showing an 

increase in the expression of enzymes controlling fatty acid oxidation in the bronchial epithelium 

and inflammatory immune cells infiltrating the respiratory epithelium. Furthermore, 

pharmacological inhibition of fatty acid oxidation is shown to reduce allergen-induced hyper-

responsiveness in airways and decrease the number of inflammatory cells (Al-Khami et al., 

2017). Research has shown that environmental pollutants and allergens induce mitochondrial 

dysfunction by inducing oxidative stress and free radical production. The malfunctioning of 

mitochondria may alter the bioenergetics of the cell and metabolic profile to favor the induction 

of systemic inflammation in allergic diseases like asthma (Iyer et al., 2017). The key role of 

reduced mitochondrial function and low metabolic activity in the development of obesity-

associated asthma has also been documented and mitochondrial directed therapies have been 

found to be effective in managing asthma (Bhatraju and Agrawal 2017). Moreover studies have 

started revealing that environmental factors such as pollutions, allergens induce epigenetic 

changes including DNA methylation, histone modifications and small non-coding microRNAs, 

which are critical in the pathogenesis of asthma (Alizadeh et al., 2017; Vercelli 2016; Potaczek 

et al., 2017). Indeed, epigenetic changes in the smooth muscle cells of the respiratory airways 
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may contribute in the pathogenesis of asthma through multiple mechanisms including 

development of airway inflammation and remodeling (Kaczmarek et al., 2019). 

6. Protective role of sirtuins in attenuating airway inflammation in bronchial asthma   

6.1 Defective sirtuin 1 increases airway inflammation 

 Sirtuin 1 is an anti-inflammatory protein and its decreased levels are associated with the 

development of inflammation (Khader et al., 2017; Chen et al., 2016). Studies have shown that 

its levels are decreased in the lungs of patients suffering from chronic inflammatory airway 

disease (Rajendrasozhan et al., 2008). It has been reported that airway allergens-induced 

development of bronchial asthma is associated with a decrease in the expression of mRNA of 

sirtuin 1 in the lungs. Moreover, administration of SRT1720, a synthetic activator of sirtuin 1, is 

shown to attenuate ovalbumin-induced airway inflammation in terms a decrease in the number of 

eosinophils, bronchoalveolar lavage fluid and the levels of IL-4, IL-5 and IL-13 (Ichikawa et al., 

2013). The study performed by Colley et al (2016) described the decrease in protein expression 

of sirtuin 1 along with a decrease in sirtuin 1 activity in the peripheral blood cells isolated from 

patients suffering with severe asthma. The decrease in sirtuin 1 activity was directly correlated 

with the deterioration of parameters assessing the lung functions including a decrease in the 

forced expiratory volume (FEV1) in asthmatic patients. Moreover, a correlation was also 

reported between the decrease in sirtuin 1 activity and the increase in the expression of IL-4 in 

the peripheral blood mononuclear cells along with the increase in the serum levels of IgE. The 

role of sirtuin 1 in regulating cytokine profile was further supported in in vitro studies in which 

exposure to sirtinol and cambinol increased expression of TH2-associated cytokines (IL-4 and IL-

13) in the blood mononuclear cells of healthy individuals (Colley et al., 2016).  
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 Using 16HBE human lung epithelial cells (in an in vitro study), Tang et al (2017) 

supported the above described findings that a decrease in the sirtuin 1 activity is associated with 

an increase in the release of proinflammatory cytokines. Treatment of 16HBE human lung 

epithelial cells with salermide (sirtuin 1 inhibitor) decreased sirtuin activity and increased 

acetylation p53 (a marker of decreased sirtuin 1 activity) to increase the mRNA and protein 

expression of IL-6 in a time-dependent manner. RNA interference of sirtuin 1 as well as the 

knockout of sirtuin 1 also led to an increase in IL-6 expression levels confirming that IL-6 

expression is controlled by sirtuin 1 activity (Tang et al., 2017). The precise mechanisms 

responsible for the decrease in sirtuin 1 activity in asthmatic patients are not explored. Based on 

the studies describing the destabilization of sirtuin1 in the presence of oxidative stress (Caito et 

al., 2010) and excessive production of free radicals during bronchial asthma (Sahiner et al., 

2011), it may be speculated that allergens (such as cigarette smoke) may trigger the excessive 

generation of reactive oxygen species, which may reduce the expression levels of sirtuin 1 to 

activate the TH2 immune response and initiate the airway inflammatory processes. Similarly, it is 

hypothesized that a defective c-Jun N-terminal kinase (JNK) 2 signaling in asthmatic persons 

(Ford et al., 2008) may destabilize sirtuin 1 (Liu et al., 2008) to initiate the TH2 immune 

response.  

6.2 Overexpression of sirtuin 6 attenuate inflammation 

 Studies have shown the multiple functions of sirtuin 6 including anti-inflammatory 

actions through modulation of macrophages (Kugel and Mostoslavsky 2014) and accordingly, its 

protective role in reducing airway inflammation has been described. The changes in sirtuin 6 

expression in human bronchial epithelial cells isolated from asthmatic patients has been 

documented (Wawrzyniak et al., 2017). In an extensive study, Jang et al (2016) described that 
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overexpression of sirtuin 6 suppress inflammation in the airways in ovalbumin and house dust 

mite antigen-challenged mice models. Intratracheal instillation of adenoviruses expressing Sirt6, 

prior to antigen challenge, significantly reduced the infiltration of inflammatory cells including 

eosinophils, lymphocytes and macrophages in lung tissues; mucin accumulation in the bronchi; 

reduced the levels of eotaxin (specific chemoattractant for eosinophils) in bronchoalveolar 

lavage fluid and lung tissues; the levels of IgE and IgG1 in the serum and airway hyper-

responsiveness to cholinergic agent. The reduction in airway hyper-responsiveness was 

associated with decreases in the transcript levels of CCL2, CCL3, and RANTES in lung tissues 

along with decreases in the levels of IL-4, IL-5 and Il-13 in the bronchoalveolar lavage fluid and 

lung tissues. Moreover, there was a significant decrease in the size of the lymph nodes of lungs 

along with a reduction in the number of IL-4 producing TH2 cells in sirtuin 6-treated mice 

suggesting that overexpression of sirtuin 6 may possibly attenuate the TH2 immune response to 

attenuate airway inflammation (Jang et al., 2016).   

6.3 Possible mechanisms involved in sirtuins-mediated protective actions in airway 

inflammation 

6.3.1 Decreased acetylation of GATA3 

 GATA3 is a master transcription factor, which is encoded by GATA3 gene and it is 

found to regulate the TH2 immune responses in asthma (Zhou and Nie 2015). The GATA3-

mediated regulation of T cell response is controlled by acetylation/deacetylation of its gene and 

hypoacetylation of GATA3 is associated with the reduced functioning of T cells (Yamagata et 

al., 2000). It has been reported that sirtuin 1 and 6 may modulate the functioning of GATA3 to 

decrease the TH2 immune response. Indeed, it has been shown that overexpression of sirtuin 6 
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normalizes airway allergen-induced increase in the acetylation of GATA3 in the lung tissue.  

Moreover, it is also revealed that the binding of GATA3 to the promoter region of IL-4 is 

significantly reduced in sirtuin 6 overexpressing lung tissues. In T-cell lines (in vitro studies) 

also, overexpression of sirtuin 6 is shown to produce deacetylation (hypoacetylation) of GATA3 

and decrease the secretion of cytokines from TH2 cells (Jang et al., 2016). Similarly, the sirtuin 

1-mediated regulation of TH2 immune response is mediated through hypoacetylation of GATA3. 

In peripheral blood mononuclear cells of healthy individuals, addition of sirtuin 1 activator i.e 

SRT2172 was shown to increase the expression of TH2 associated cytokines (IL-4), decrease 

acetylation of GATA3 along with its decreased binding in the nuclear response elements (Colley 

et al., 2016). Accordingly, it may be proposed that overexpression of sirtuin 1 and 6 may reduce 

TH2 cell differentiation and immune response by inducing deacetylation of GATA3 in T cells 

(Table 2).  

6.3.2 Inhibition of Akt/NF-kappaB signaling 

 It has been documented that an increase in sirtuin 1 activity may possibly inhibit Akt/NF-

kappaB signaling to decrease the expression of IL-6 and inhibit the development of airway 

inflammation. In an in vitro study, the sirtuin 1 inhibitor (salermide) mediated-increase in IL-6 

expression in the human lung epithelial cells was associated with the increase in the Akt 

phosphorylation at Ser473 and Thr308 suggesting the activation of the Akt signaling pathway. 

However, LY294002 (Akt inhibitor) and BAY11-7082 (IκB inhibitor) abolished salermide-

induced activation of Akt and increase in IL-6 expression in 16HBE cells (Tang et al., 2017). It 

is known that Akt activates IκB kinases to increase the phosphorylation of IκB, which is 

followed by its degradation in the cytoplasm and translocation of NF-κB to the nucleus to 

increase the expression IL-6 (Tak et al., 2001; Bai et al., 2009; Cahill CM and Rogers 2008). 
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Accordingly, it is proposed that a decrease in the sirtuin 1 activity may activate the Akt/NF-

kappaB signaling pathway to increase expression of IL-6, which may participate in the 

development of airway inflammation in asthmatic patients (Table 2).   

7. Deleterious effects of sirtuins in airway inflammation in bronchial asthma 

7.1 Increase in sirtuin 1 promotes inflammation  

 In contrast to above described studies, there have been studies describing the 

inflammation-inducing actions of sirtuin 1 in the ovalbumin-inhaled murine model of airway 

inflammation (Kim et al., 2010; Legutko et al., 2011; Ahangari et al., 2015). It has been shown 

that the levels of sirtuin 1 are increased in lungs of ovalbumin-inhaled mice. Administration of 

sirtinol (non-selective blocker of sirtuin 1) was shown to attenuate the parameters of airway 

inflammation including mucus secretion, bronchial hyperactivity along with a decrease in the 

release of TH2-derived cytokines (IL-4, IL-5 and IL-13) (Kim et al., 2010). Another study has 

supported the inflammation inducing role of sirtuin 1 in allergic airway disease. Indeed, 

administration of pharmacological inhibitors of sirtuin 1 including sirtinol and cambinol was 

shown to inhibit ovalbumin-induced parameters of airway allergy. It was reported that these 

inhibitors prevent migration and maturation of dendritic cells to suppress the TH2-mediated 

immune response and attenuate allergic airway inflammation (Legutko et al., 2011). The study of 

Ahangari et al (2015) also described an increase in expression of sirtuin 1 in lung tissues in 

ovalbumin-sensitized mice along with an increase in the secretion of TH2-derived cytokines. 

Systemic administration of sirtuin 1 blockers was shown to ameliorate the aeroallergen-induced 

increase in airway inflammation and release of cytokines in wild mice (Ahangari et al., 2015).  

7.2 Sirtuin 2 promotes airway inflammation  
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 Alternative splicing of sirtuin 2 gene leads to formation of three different isoforms of 

sirtuin 2. The isoforms 1 and 2 are mainly localized in the cytoplasm under the basal, resting 

state conditions, while isoform 3 in mice (isoform 5 in humans) is mainly localized in the 

nucleus (Rack et al., 2014). Sirtuin 2 is reported to promote inflammatory processes and 

macrophages of sirtuin 2-deficient mice are shown to increase the secretion of proinflammatory 

cytokines (Lo Sasso et al., 2014). A very recent study of Lee et al (2019) has described an 

increase in the airway inflammatory-related parameters in sirtuin 2 over-expressing transgenic 

(Sirt2-Tg) mice in response to a combination of three allergens including dust mite, ragweed and 

Aspergillus fumigatus. There was a marked increase in the volume of bronchoalveolar lavage, 

recruitment of eosinophils, goblet cell hyperplasia and an increase in airway hyperreactivity in 

Sirt-Tg mice in comparison to normal wild mice. Moreover, there was a marked increase in the 

levels of CCL17, IL-1, IL-4, IL-5 and TNF-α in the bronchoalveolar lavage in Sirt2-Tg mice. In 

contrast, airway inflammation-related parameters were significantly less in sirtuin 2 knockout 

transgenic (Sirt2-KO) mice. Administration of a selective sirtuin 2 antagonist (AGK2) attenuated 

allergen-induced development of allergic inflammation in wild mice suggesting that the increase 

in expression of sirtuin 2 may contribute in the pathogenesis of airway inflammation. The 

authors further delineated through in vitro studies that there is upregulation of 3/5 isoform of 

sirtuin 2 in the lung macrophages that contributes significantly in the development of airway 

inflammation (Lee et al., 2019).  

7.3 Mechanisms involved in inducing deleterious effects of sirtuins in airway inflammation  

7.3.1 Sirtuin 1 induces repression of PPAR-γ 
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 PPAR-γ belongs to the family of nuclear receptors and it is involved in the regulation of 

glucose and lipid metabolism. It has been shown that activation of PPAR-γ induces anti-

inflammatory actions (Motoki et al., 2015) and its activation in the dendritic cells leads to 

inhibition of TH2 immune response (Nobs et al., 2017). With respect to airway inflammation, it 

has been described that an increase in the expression of sirtuin 1 represses the PPAR-γ activity in 

dendritic cells, which is followed by induction of TH2 immune response leading to release of IL-

4, IL-5 and IL-13. Indeed in mice lacking sirtuin 1 in dendritic cells, there was a significant 

decrease in the development of airway inflammation along with increase in the PPAR-γ activity 

in dendritic cells (Legutko et al., 2011). There have been other studies showing that sirtuin 1 are 

capable of repressing PPAR-γ activity (Picard et al., 2004). Therefore, it may be proposed that 

sirtuin 1-mediated repression of PPAR-γ activity in dendritic cells may lead to overactivation of 

the TH2-mediated immune response, which may be critical in the development of bronchial 

asthma (Table 2).  

7.3.2 Sirtuin 1 up-regulates expression of hypoxia inducible factor (HIF)-1α 

  HIF-1α is a transcription factor, which responds to low oxygen concentration by 

increasing the gene expression. However, studies have also shown that this factor also plays a 

key role of inflammation and its expression is regulated by different cytokines and growth 

factors (Jung et al., 2003). Moreover, the role of vascular endothelial growth factor (VEGF) in 

determining the development of asthma has been reported and inhibition of VEGF has been 

shown to be potential strategy to manage asthma (Lee and Lee 2001). The studies have shown 

that sirtuin 1 may be involved in the activation of HIF-1α (Laemmle et al., 2008). In allergic 

airway model in mice, a parallel increase in the expression of sirtuin 1, HIF-1α and VEGF in the 

lung tissues has been documented, which suggests the potential inter-relationship between these 
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factors. Furthermore, it was shown that administration of sirtinol reduces the levels of HIF-1α 

and VEGF in lung tissues and primary tracheal epithelial cells isolated from ovalbumin-inhaled 

mice. In addition, administration of 2ME2 (HIF-1α inhibitor) inhibited ovalbumin-induced 

allergic airway inflammation parameters and the levels of VEGF without significant effect on 

expression of sirtuin1. It suggests that sirtuin 1 is the upstream mediator and VEGF is the 

downstream mediator of HIF-1α. Accordingly, it may be proposed that sirtuin 1 may activate an 

HIF-1α transcriptional factor to increase expression of VEGF, which may contribute in the 

development of bronchial asthma by increasing the secretion of proinflammatory cytokines (Kim 

et al., 2010) (Table 2).     

8. Potential Role of Mitochondrial Sirtuins 3,-4 and -5 in Asthma 

 Sirtuins 3, -4 and -5 are the mitochondrial enzymes that regulate the activity of different 

metabolic enzymes to affect glucose and fatty acid oxidation (Hirschey et al., 2010; Zhang et al., 

2015; Tao et al., 2018). Moreover, it is also well documented that there is a close relationship 

between metabolism, bioenergetics and immune response (Ganeshan and Chawla 2014). Since 

sirtuins play an important role in integrating metabolism and immune response; therefore it is 

possible that the disturbances in metabolic homeostasis may lead to the activation of acute and 

chronic inflammation (Vachharajani et al., 2017). Although there is no experimental study 

directly linking the role of mitochondrial sirtuins in the pathogenesis of asthma, yet the close 

association between metabolism, immune system and asthma (Al-Khami et al., 2017) suggests 

that these mitochondrial sirtuins may also serve as key targets in asthma. The other reported 

actions of mitochondrial sirtuins including upregulation of PPAR-γ (Guo et al., 2017); decrease 

in mitochondrial DNA damage in alveolar epithelial cells (Jablonski et al., 2017; Bindu et al., 

2017); decrease in NLRP3 inflammasome activation (Liu et al., 2018); increase in the activation 
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of superoxide dismutase (Traba et al., 2017) and modulation of innate immune response (Qin et 

al., 2017) also suggest that the role of mitochondrial sirtuins may be explored in asthma. 

 There have been evidences documenting the lower levels of sirtuin 4 in obese persons 

(Barrea et al., 2017) and activation of sirtuin 3 during the prolonged fasting conditions (Traba et 

al., 2017). Moreover, due to the well documented metabolism improving functions, it is proposed 

that mitochondrial sirtuins may be potentially exploited to overcome obesity (Newsom et al., 

2013). Since the reduction in body weight helps in improving the symptoms of obesity-

associated asthma (Özbey et al., 2019), therefore, it may be hypothesized that sirtuins may be 

particularly relevant in obesity-associated asthma. Nevertheless, experimental studies are needed 

to verify the key role of mitochondrial sirtuins in asthma.   

9. Discussion  

 Based on the studies performed in the preclinical models of airway inflammation in 

bronchial asthma, it has been described that there is an increase in the levels of sirtuin 2 (Lee et 

al., 2019) and a decrease in the levels of sirtuin 6 in lungs (Jang et al., 2016) (Figure 1). Sirtuin 2 

exerts proinflammatory actions and hence, its blockers are shown to reduce the airway 

inflammation and symptoms of asthma. On the other hand, sirtuin 6 is anti-inflammatory and its 

activators are shown to produce beneficial actions in the preclinical model of asthma. The 

beneficial effects of sirtuin 6 have been attributed to decrease in acetylation of transcriptional 

factor GATA3 in T cells, which is associated with a decrease in the TH2 immune response (Jang 

et al., 2016) (Figure 1). However, there seems to be a dual role of sirtuin 1 in airway 

inflammation as its proinflammatory (Kim et al., 2010; Legutko et al., 2011) as well as anti-

inflammatory actions (Ichikawa et al., 2013; Colley et al., 2016) have been described in the 
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preclinical models of asthma. The anti-inflammatory actions of sirtuin 1 have been attributed to a 

decrease in decrease in acetylation of GATA3 (Colley et al., 2016) and inhibition of Akt/NF-

kappaB signaling (Tang et al., 2017) (Figure 1). On the other hand, proinflammatory actions of 

sirtuin 1 have been attributed to an increase in expression of HIF-1α and VEGF (Kim et al., 

2010) along with repression of PPAR-γ activity (Legutko et al., 2011; Kim et al., 2010). The 

precise mechanisms responsible for the conflicting/dual actions of sirtuin 1 in airway 

inflammation are not clear. The dual role of sirtuin 1 i.e. anti-inflammatory and pro-

inflammatory actions is not limited to bronchial asthma. Indeed, a number of studies have shown 

that sirtuin 1 also exhibits dual role in tumorigenesis (Fang and Nicholl 2014). An interesting 

finding is that both sirtuin 1 activators (Ichikawa et al., 2013) as well as sirtuin 1 blockers 

(Legutko et al., 2011; Ahangari et al., 2015) are shown to attenuate allergen-induced 

inflammatory reactions in asthmatic models. More interestingly, both increase in the sirtuin 1 

expression (Kim et al., 2010; Ahangari et al., 2015) as well as a decrease in sirtuin 1 expression 

(Ichikawa et al., 2013) has been documented by different scientists in ovalbumin model, which 

makes the interpretation of results very difficult. Accordingly, more experimental studies are 

required to validate the previously reported studies documenting the conflicting results of sirtuin 

1 in asthma. 

10. Conclusion 

 The alterations in the levels of sirtuins in lungs may influence the development of airway 

inflammation. The blockers of sirtuin 2 and activators of sirtuin 6 may be potentially useful in 

attenuating the symptoms of bronchial asthma. There may be a dual role of sirtuin 1 in airway 

inflammation as both activators and blockers of sirtuin 1 attenuate allergen-induced 

inflammatory reactions in asthmatic models. There has not been any research study highlighting 
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the dual role of sirtuin 1 in airway inflammation. It might be possible that the effects of sirtuin 1 

modulators (inhibitors/activators) in airway inflammation are dependent on the stage and 

severity of the disease. Nevertheless, there is a need of research studies to explore the 

mechanisms that may contribute in imparting duality to sirtuin 1 in asthma.  
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Figure Legend 

Figure 1: Exposure to allergens may lead to the changes in expression/enzymatic activities of 

sirtuins, possibly through peroxynitrite-mediated increase in NF-kappaB activation (though not 

verified experimentally). The changes in the expression/activity of sirtuins may lead to the 

activation of TH2 immune response through hyperacetylation of GATA3, which is followed by 

increase in the release of type 2 cytokines IL-4, -5 and -13. The precise involvement of sirtuins 

downstream of TH2 cells in airway inflammation is not explored. The cytokines may induce 

multiple changes to trigger inflammatory reactions in the respiratory airways including the 

activation of B cells to increase IgE production, hyper proliferation of smooth muscle cells to 

induce bronchial hyperactivity and recruitment of eosinophils. Moreover, sirtuins-mediated 

changes in the transcriptional activity may induce Akt activation followed by IkB degradation to 

induce activation of NF-kappaB. However, the role of sirtuins in non type 2 asthma phenotypes 

(non-allergic and obesity-associated) is not experimentally verified. 
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Table 1: Summarized description of different molecular phenotypes of asthma  

 

 

 

 

S. No Molecular Phenotypes  Characteristic Features 
1. Type 2 Asthma 

 
• Key role of TH2 immune system 
• Role of eosinophils, mast cells, IgE, ILC2 cells 
• High levels of FeNO  
• Respond to conventional anti-inflammatory therapy 

1a Early onset allergic 
asthma 

• Presence of positive allergy skin tests and 
increased IgE 

• More role of IL-4 and -13 
1b Late (adult)-onset 

eosinophilic asthma 
• Less reactivity to skin allergy test and normal 

to mild increase in IgE 
• More role of IL-5 
• Eosinophilia is more marked  
• Relative resistance to steroid therapy  

1c Most severe with 
component of 
autoimmunity  

• Elevation of eosinophils, neutrophils, IL-4,-5,-
13 

• Increase in type I cytokine (IFN-γ) 
• Very high levels of FeNO 

 
2.  Non-type 2 asthma 

(Non-eosinophilic asthma) 
 
• No role of TH2 immune system 
• Less eosinophils, low IgE; more neutrophils 
• Less type 2 cytokines IL-4,-5,-13; low FeNO  
• More IL-17 and TNF-α 
• Resistant to steroid therapy 

 
3. Obesity-associated asthma 

 
• No role of TH2 immune system 
• Less eosinophils, low IgE 
• Less type 2 cytokines IL-4,-5,-13; low FeNO  
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Table 2: Summarization of different targets modulated in response to change in the expression 

of sirtuins to induce protective and deleterious effects in airway inflammation   

S. 
No 

Sirtuins Targets Effects References 

Sirtuins-mediated protective actions in airway inflammation 
1. Sirtuin 1 

and 6 
GATA3 Overexpression of sirtuin 1 and 6 

produces deacetylation of GATA3 to 
decrease the secretion of cytokines from 
TH2 cells 

Jang et al., 2016; 
Colley et al., 2016 

2. Sirtuin 1 Akt Decrease in sirtuin 1 promotes Akt 
phosphorylation followed by activation 
of NF-kappaB signaling to promote 
inflammation  

Tang et al., 2017 

 
Deleterious effects of sirtuins in airway inflammation 

3. Sirtuin 1 PPAR-γ Increase in sirtuin 1 represses PPAR-γ 
activity to induce TH2 immune response 
and increases secretion of cytokines  

Legutko et al., 
2011 

4. Sirtuin 1 HIF-1α Increase in sirtuin 1 activates HIF-1α to 
increase the expression of VEGF, which 
promotes airway inflammation  

Kim et al., 2010 
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