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Pulmonary fibrosis is a chronic progressive fibrosing interstitial lung disease of unknown cause, characterized by excessive deposition of extracellular matrix, leading to irreversible decline in lung function and ultimately death due to respiratory failure and multiple complications. The Sirtuin family is a group of nicotinamide adenine dinucleotide (NAD+) -dependent histone deacetylases, including SIRT1 to SIRT7. They are involved in various biological processes such as protein synthesis, metabolism, cell stress, inflammation, aging and fibrosis through deacetylation. This article reviews the complex molecular mechanisms of the poorly studied SIRT3, SIRT6, and SIRT7 subtypes in lung fibrosis and the latest research progress in targeting them to treat lung fibrosis.
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1 PULMONARY FIBROSIS
Among the numerous causes of pulmonary fibrosis include autoimmune disorders, industrial or environmental exposures, adverse drug reactions, and numerous other conditions. An underlying cause is unknown for idiopathic pulmonary fibrosis (IPF), a chronic progressive fibrosing interstitial lung disease. It is considered to be the fastest progressing and most lethal of all fibrotic diseases (Lederer and Martinez, 2018; Mei et al., 2021; Qian et al., 2021). Its main feature is the excessive deposition of extracellular matrix (ECM), which leads to irreversible loss of lung function and collapse of lung tissue structure, accompanied by progressive scarring, and ultimately death due to respiratory failure and various complications. IPF mainly affects middle-aged and elderly people. According to statistics, the average survival time of untreated IPF patients after diagnosis is only 3–5 years (Raghu et al., 2018). Globally, the number of people with IPF is estimated to exceed 3 million. According to epidemiological research, the incidence and prevalence of IPF range from 0.09 to 1.30 per 10,000 individuals and are rising annually. The incidence of IPF is comparatively high in the US, South Korea, and Canada as compared to other nations (Schäfer et al., 2020; He et al., 2021; Maher et al., 2021). The pathological mechanism of IPF includes an initial diffuse inflammatory response, proliferation of mesenchymal cells, excessive deposition of ECM and formation of fibrosis. Persistent inflammation and abnormal repair mechanisms are key factors driving the progression of IPF (Quan et al., 2020). Currently, there is still no effective treatment for IPF. While pirfenidone and nintedanib, two medications licensed by the FDA for the treatment of IPF (Shenderov et al., 2021), they can only slow the progression of the disease and the deterioration of lung function, and cannot reverse the lung damage that has already occurred.
Lung transplantation is currently the only clinically proven effective treatment, but due to its high cost, the scarcity of donors, and the risk of rejection after surgery, the clinical application of lung transplantation is very limited (Han et al., 2022). Therefore, the management goals of IPF mainly focus on symptomatic treatment, improving patients’ quality of life, maintaining lung function, and prolonging patients’ survival as much as possible (Olson et al., 2018).
2 SIRTUINS FAMILY
The sirtuin family is a subclass of class III histone deacetylases (HDACs), which are dependent on nicotinamide adenine dinucleotide (NAD+). This family includes seven members, SIRT1 to SIRT7, which are widely involved in various biological activities in the body by deacetylation of multiple substrates (Bordone and Guarente, 2005; Michan and Sinclair, 2007). The deacetylating effect of sirtuins regulates the conformation of proteins and their interactions with other molecules by removing the acetyl group from proteins and changing the surface charge distribution, thereby regulating the conformation of proteins and their interactions with other molecules, and participating in the regulation of multiple cellular processes, including transcriptional regulation, cell proliferation and division, DNA damage repair, metabolic regulation, inflammatory response, apoptosis and aging, oxidative stress, and mitochondrial biogenesis (Chen et al., 2015a; Yan et al., 2017; Chu et al., 2018; Alves-Fernandes and Jasiulionis, 2019; de Gregorio et al., 2020; Prabhakar et al., 2020). The sirtuins family is an important epigenetic regulatory factor. The deacetylation mediated by them is one of the most prominent epigenetic mechanisms. That is, sirtuins reverse the action of acetyltransferases by removing the acetyl group from lysine residues (Imai et al., 2000). Studies have shown that SIRT3 can inhibit FOS transcription by deacetylating histone 3 lysine 27 (H3K27), reducing inflammation and fibrosis (Palomer et al., 2020). SIRT6 can promote the destabilization of the chromatin of the target gene RELA and the termination of NF-κB signaling by deacetylating histone H3 lysine 9 (H3K9), affecting inflammatory and metabolic processes (Kawahara et al., 2009). In addition, SIRT7 regulates the histone H3 lysine 18 site (H3K18) deacetylation of Dicer in the DNA damage response, revealing the role of SIRT7 in DNA damage repair (Zhang et al., 2016). The role of the sirtuin family in fibrotic diseases has attracted much attention. Studies have shown that sirtuins play a role in the onset of fibrosis in many types and organs, and are considered to be endogenous regulators of fibrogenesis during the development of lung fibrosis. It has been confirmed that SIRT1, SIRT2, SIRT3, SIRT6 and SIRT7 significantly inhibit the development of lung fibrosis (Bindu et al., 2017; Wyman et al., 2017; Chu et al., 2018; Zhang et al., 2019b; Gong et al., 2021). Furthermore, numerous carefully planned investigations have demonstrated the significant protective effect sirtuins play in anti-cardiovascular and liver fibrosis. However, compared with cardiovascular and liver fibrosis, studies on Sirtuins in pulmonary fibrosis are still relatively rare, especially those on SIRT3, SIRT6 and SIRT7. This provides a broad research space to explore their functions and mechanisms in pulmonary fibrosis.
This review focuses on the role of SIRT3, SIRT6, and SIRT7 in fibrotic diseases, analyzes their molecular regulatory mechanisms in pulmonary fibrosis, and summarizes the latest research progress for the therapy of IPF using SIRT3, SIRT6, and SIRT7 as targets.
3 MOLECULAR MECHANISM OF SIRTUINS 3/6/7 REGULATING PULMONARY FIBROSIS
ECM protein deposition and lung fibroblast and myofibroblast proliferation are hallmarks of lung fibrosis (Mayr et al., 2024). Damaged alveolar epithelial cells (AECs) can induce the secretion of inflammatory factors by related inflammatory cells, which further stimulate the transformation of AECs into lung fibroblasts, accelerate the process of epithelial-mesenchymal transition (EMT), and promote fibroblast-to-myofibroblast transition (FMT). Myofibroblasts secrete large amounts of collagen, which promotes the progression of pulmonary fibrosis. Increased cross-linking of the extracellular matrix (Burgess et al., 2024), dysregulation of matrix metalloproteinases and resistance of fibroblasts to apoptosis may lead to increased alveolar septum thickness, fibrotic destruction of normal lung structure, loss of gas exchange, and ultimately severe respiratory failure and death (Islam et al., 2023; Chen et al., 2024c).
SIRT7 is one of the least studied members of the Sirtuins family. SIRT7 is located in the nucleolus and has deacetylase, desuccinylase and long-chain deacylase activities, and plays a key role in various cellular activities (Chen et al., 2016; Li et al., 2016; Tong et al., 2017). Studies have shown that compared with healthy control groups, the expression levels of all Sirtuins in fibroblasts from patients with pulmonary fibrosis tend to decrease, with the most significant decrease in SIRT7 expression. SIRT7 overexpression can decrease TGF-β-induced fibroblast production of collagen and α-smooth muscle actin (α-SMA) (Wyman et al., 2017). SIRT3 is a major deacetylase and plays a crucial role in controlling mitochondrial activity. As a key regulator of mitochondrial activity, SIRT3 exerts its antioxidant stress and maintains mitochondrial homeostasis by regulating the acetylation levels of proteins such as GSK3β, Smad3, SOD2, and IDH2. Deficiency of SIRT3 may lead to alveolar epithelial cell damage, mitochondrial DNA damage, cell senescence, EMT and FMT. SIRT6 is located in the nucleus and has deacetylase, ADP-ribosyltransferase and long-chain dehydrogenase activities (Van Meter et al., 2014; Wang et al., 2016). SIRT6 plays an essential part in DNA damage repair, telomere maintenance, genome stability, inflammatory response and metabolic homeostasis (Kugel and Mostoslavsky, 2014).
In summary, In the development of pulmonary fibrosis, sirtuins play a key role by modulating several pathogenic processes, such as inflammatory response, oxidative stress, EMT, FMT, cell death, cell senescence and energy metabolism, and play a vital protective role in the prognosis of fibrosis (Figure 1; Table 1).
[image: Figure 1]FIGURE 1 | Sirtuins are involved in the development of pulmonary fibrosis by regulating multiple molecular mechanisms such as inflammatory response, oxidative stress, Epithelial-to-mesenchymal transition (EMT), fibroblast-to-myofibroblast transition (FMT), cell senescence and energy metabolism. “→” represents “activation”; “—|” represents “inhibition”.
TABLE 1 | List of molecular mechanism of SIRT3/6/7 regulating pulmonary fibrosis.
[image: Table 1]3.1 Inflammation
Inflammation is the body’s immune response to infection or injury and usually plays an important role in maintaining tissue homeostasis in response to harmful stimuli. The inflammatory pathway consists of inducers, sensors, inflammatory mediators, and target tissues (Medzhitov, 2010). Tissue damage and the inflammatory response are key triggers of tissue regeneration and fibrosis (Mack, 2018). Injured tissue not only triggers an inflammatory response, but also regulates the type and direction of inflammation by activating different cell types in the innate and adaptive immune systems (Gao et al., 2019; Mekhlef et al., 2023). A controlled inflammatory response helps prevent infection and further tissue damage, while uncontrolled inflammation maintains autoimmune responses and malignant transformation (Singh et al., 2018).
Inflammatory mediators are chemical substances produced during the inflammatory process. After the initiator triggers the inflammatory response, immune cells expressing sensors such as Toll-like receptors (TLRs) act on target tissues by releasing inflammatory mediators, including vasoactive amines, eicosanoids, pro-inflammatory cytokines, and acute phase proteins. These mediators mediate the inflammatory process by preventing further tissue damage, and ultimately promote tissue regeneration and fibrosis (Abdulkhaleq et al., 2018). Pro-inflammatory cytokines include IL-1, IL-6, IL-8, IL-10, TNF-α, etc. These factors bind to their corresponding receptors, activating intracellular pro-inflammatory signal pathways. These signals further activate TGF-β, STAT3, NF-κB, Hippo pathways, arachidonic acid metabolism and epigenetic pathways, promoting the expression of different proteins. These signals can either eliminate inflammation or, if unchecked, lead to chronic injury, tissue fibrosis and malignant transformation (Chen et al., 2018). Among them, NF-κB is considered to be a core regulatory factor in the inflammatory response, which drives the expression of cytokines, chemokines, inflammatory body components and adhesion molecules. NF-κB is mainly involved in immune responses and inflammatory responses, and can induce the expression of downstream inflammatory cytokines (Koch et al., 2014; Swanson et al., 2019). Studies have shown that SIRT3 is lowly expressed in hyperoxia-induced lung tissue and A549 cells, and that overexpression of SIRT3 can improve the hyperoxia-induced inflammatory response, oxidative stress and apoptosis (Zang et al., 2023). Kawahara et al. found that SIRT6 can deacetylate histone H3 lysine 9 (H3K9) on the promoter of the NF-κB subunit p65 and inhibit the expression of pro-inflammatory cytokines (Kawahara et al., 2009). Furthermore, via blocking the NF-κB signaling pathway, SIRT6 prevents TGF β1-induced differentiation of lung fibroblasts, as demonstrated by other research (Zhang et al., 2017; Tao et al., 2023).
Pulmonary fibrosis is characterized by inflammatory secretion and fibrous hyperplasia, including the overproduction of pro-inflammatory cytokines (such as IL-1β and TNF-α) and transcription factors (such as NF-κB) (Wolters et al., 2014). Long-term overexpression of these inflammatory cytokines can lead to fibroblast proliferation, epithelial cell damage, and excessive deposition of ECM proteins, which in turn damage the alveolar structure (Wilson and Wynn, 2009). Li et al. found that SIRT3 deficiency aggravated the inflammatory response and collagen deposition in lung tissue after PM2.5 treatment, while SIRT3 overexpression reduced iron death, inflammation, and cellular senescence in alveolar epithelial cells by deacetylating P53 (Li et al., 2023). In addition, SIRT3 agonists (such as melatonin) can also alleviate PM2.5-induced aging and ferroptosis in mice, and targeting the USP3-SIRT3-P53 axis may provide new strategies for the treatment of pulmonary fibrosis (Li et al., 2023).
3.2 Fibroblast-to-myofibroblast transition
A key step in pulmonary fibrosis is the TGF-β1-mediated FMT. FMT is considered to be the major source of myofibroblast accumulation (Hinz et al., 2012; Tsubouchi et al., 2017). There is mounting evidence that FMT is essential to the beginning and progression of pulmonary fibrosis (Han et al., 2021b; Liu et al., 2021; Wang et al., 2021a). TGF-β1 and other stressors activate lung fibroblasts under pathological situations, raising intracellular ROS levels that promote FMT and eventually result in IPF (El Agha et al., 2017). Consequently, FMT is an essential target for IPF treatment.
Current research shows that members of the Sirtuins family can block the FMT process, thereby reducing lung fibrosis. Rehan et al. found that in a mouse model of bleomycin-induced lung injury, restoring SIRT3 expression with a cDNA overexpression plasmid can significantly reduce established lung fibrosis by attenuating FMT (Rehan et al., 2021). In addition, SIRT3 also regulates the transformation of fibroblasts into myofibroblasts by deacetylating glycogen synthase kinase 3β (GSK3β) at K15 and inhibiting the TGF-β1 signaling pathway, which promotes fibrosis (Sundaresan et al., 2015). Sosulski et al. found in in vivo experiments that SIRT3-deficient mice are more likely to develop lung fibrosis, while in vitro experiments showed that reduced expression of SIRT3 in lung fibroblasts promoted FMT. This may be due to the fact that the reduction of SIRT3 leads to the blockage of the deacetylation and activation of SOD2 (K68) and IDH2 (K143), thereby reducing the efficiency of the oxidative stress response and promoting the occurrence of FMT. In contrast, overexpression of SIRT3 can inhibit TGF-β1-mediated FMT and significantly reduce the level of SMAD3 (Sosulski et al., 2017). In addition, it has been found that SIRT3 inhibits FMT by regulating the acetylation level of OGG1 to reduce mitochondrial DNA damage in fibroblasts (Bindu et al., 2017; Mora et al., 2017). In addition, SIRT6 has been shown to prevent lung fibroblasts from differentiating into myofibroblasts by blocking the NF-κB signaling pathway which is triggered by TGF-β1 (Zhang et al., 2017; Tao et al., 2023). Upon TGF-β1 stimulation, SIRT6 inhibited NF-κB-dependent transcriptional activity by decreasing the phosphorylation level of Smad2 and its nuclear translocation. In addition, SIRT6 interacted with the NF-κB subunit p65, further inhibiting the TGF-β1-induced NF-κB pathway (Zhang et al., 2019b).
In general, SIRT3 inhibits the occurrence of FMT by regulating the acetylation levels of proteins such as GSK3β, Smad3, SOD2, and IDH2, while SIRT6 inhibits TGF-β1-induced related signal pathways by reducing the phosphorylation and nuclear translocation of Smad2.
3.3 Epithelial-to-mesenchymal transition
EMT is a key cellular process in the process of tissue fibrosis (Lamouille et al., 2014). TGF-β1 is a major inducer of ECM production, and its activation accelerates the process of EMT in epithelial cells, promoting the generation of fibroblasts and the accumulation of ECM proteins in tissues (Lamouille et al., 2014). When pulmonary fibrosis develops, EMT is thought to be a reversible process in which epithelial cells eventually lose the epithelial cell adhesion protein E-cadherin (E-cad) and gain mesenchymal traits including the mesenchymal marker α-smooth muscle actin (α-SMA) (Bartis et al., 2014; Qu et al., 2019). Excessive proliferation of cells that produce extracellular matrix results from an imbalance between the alveolar epithelium and the mesenchymal cells that line it (Barkauskas and Noble, 2014, p. 7).
EMT is generally considered to be another major source of myofibroblasts (Lamouille et al., 2014). Chen et al. showed that SIRT6 can inhibit EMT in human bronchial epithelial cells (BEAS-2B) by participating in the TGF-β1 signaling pathway and inhibiting lung fibrosis. Overexpression of SIRT6 can inactivate the TGF-β1/Smad2 signaling pathway (Chen et al., 2019a). In addition, SIRT6 can further inhibit EMT by inhibiting the TGF-β1/Smad3 signaling pathway and the Smad3-Snail1 complex and EMT-related transcription factors. Adeno-associated virus delivery of SIRT6 can significantly reduce bleomycin-induced alveolar epithelial cell damage and lung fibrosis Zhang et al. found that restoring SIRT3 expression enhances its activation of HIF-1α, which in turn suppresses TGF-β1 levels, thereby improving EMT and pulmonary fibrosis (Zhang et al., 2019a).
3.4 Oxidative stress
Oxidative stress is a significant factor in the onset and pathophysiology of IPF and is closely related to the progression of IPF. An imbalance between ROS, reactive nitrogen species (RNS) and antioxidant defenses can lead to oxidative stress, which in turn can cause cell dysfunction and tissue damage (Reddy et al., 2009). Increased oxidative stress appears to induce premature cellular senescence, which prompts fibroblasts to acquire resistance to apoptosis and maintain metabolic activity, ultimately producing high levels of reactive oxygen species (ROS), which contributes to the development of FMT (Toussaint et al., 2000; Dasari et al., 2006; Campisi and d’Adda di Fagagna, 2007). Studies have shown that oxidative stress promotes the transformation and proliferation of lung fibroblasts by releasing a variety of cytokines (Han et al., 2014). Clinical studies have found that compared with the control group, the levels of lipid peroxides and apoptosis of lung epithelial cells in patients with pulmonary fibrosis are significantly higher, and the level of oxidative stress is positively correlated with the degree of fibrosis (Molyneaux and Maher, 2013). Matsuzawa et al. found that there is a general oxidative/antioxidative imbalance and increased oxidative stress in patients with IPF by measuring oxidative stress markers in serum (Huang et al., 2017).
During the process of pulmonary fibrosis, members of the Sirtuins family are involved in regulating oxidative stress. Studies have found that SIRT6 and SIRT3 have a synergistic effect, with the two regulating each other: SIRT3 suppresses oxidative stress, while SIRT6 further activates the expression of SIRT3 through increasing nuclear factor erythroid 2-related factor 2 (Nrf2)-dependent transcription (Kanwal et al., 2019). NOX4-dependent hydrogen peroxide (H2O2) production plays a key role in TGF- β1-induced myofibroblast differentiation, ECM production, and contraction. NOX4 promotes the migration and differentiation of fibroblasts to myofibroblasts through the ALK5/Smad3 upstream signaling pathway by increasing mitochondrial ROS production, promoting alveolar epithelial cell (AEC2) death and impairing mitochondrial function (Hecker et al., 2009). Studies have shown that SIRT3 deficiency is more common in IPF patients, and SIRT3 knockout (SIRT3−/−) mice exhibit significantly exacerbated pulmonary fibrosis. In vitro experiments have shown that SIRT3 detoxifies mitochondrial reactive oxygen species by deacetylating manganese superoxide dismutase (MnSOD) at the K68 site and mitochondrial 8-oxoguanine DNA glycosylase (OGG1) at the K338/341 site, while decreased SIRT3 expression may lead to elevated mitochondrial ROS levels and mitochondrial DNA (mtDNA) damage through the OGG1-MnSOD-SIRT3 axis, thereby exacerbating apoptosis of alveolar epithelial cells (Guo et al., 2017; Jablonski et al., 2017). In contrast, overexpression of SIRT3 can ameliorate oxidant-induced AEC mtDNA damage (Cheresh et al., 2021). In addition, He et al. found that activating the PGC-1α/SIRT3 pathway can exert an anti-oxidative stress effect, thereby inhibiting fibroblast senescence and slowing the progression of pulmonary fibrosis (He et al., 2024a). Zang et al. found that SIRT3 overexpression improves hyperoxia-induced inflammation, oxidative stress and apoptosis by regulating the acetylation level of FOXO1 (Zang et al., 2023).
OGG1 (oxygen-base guanine glycosylase) is involved in the hydrolysis of 8-oxo-dG in DNA. 8-oxo-dG is an oxidized guanine residue in DNA. Defects in OGG1 can lead to mitochondrial DNA damage (de Souza-Pinto et al., 2001). Pillai VB et al. found that SIRT3 as an endogenous negative regulator of pulmonary fibrosis, its overexpression can attenuate TGF-β1-induced mtDNA damage in pulmonary fibroblasts. SIRT3 prevents the degradation of OGG1 by binding to it and deacetylating it, thereby preventing the accumulation of 8-oxo-dG adducts. This mechanism was verified in in vivo experiments. Studies have shown that SIRT3 deficiency exacerbates bleomycin-induced fibrosis in mice, while SIRT3 transgenic mice exhibit significantly reduced fibrosis (Pillai et al., 2016). In addition, According to earlier research, SIRT3-deficient mice are more vulnerable than wild-type mice to asbestos-induced lung fibrosis and mtDNA damage (Cheresh et al., 2021). These results suggest that SIRT3 regulates mtDNA repair, which may be an important mechanism involved in the development of lung fibrosis.
Current research suggests that sirtuins play a key role in oxidative stress, mainly related to the following proteins or genes: NF-κB, Nrf2, the FOXO family, PGC-1α, p53 and AMPK (Wu et al., 2022).
3.5 Cellular senescence and energy metabolism
Cellular senescence contributes to the development of IPF through multiple mechanisms, including the senescence-associated secretory phenotype (SASP) (Blokland et al., 2020), abnormal telomere function (Lee et al., 2021), mitochondrial dysfunction (Sullivan et al., 2021), DNA damage (Schuliga et al., 2020), epigenetic changes (Wang et al., 2021b), inflammatory responses (Tao et al., 2021) and protein homeostasis imbalance (Sellares et al., 2019). Studies have found that the alveolar epithelial cells of IPF patients show significant signs of aging, such as mitochondrial abnormalities, dysfunction, and shortened telomeres (Minagawa et al., 2011; Bueno et al., 2015). The pro-fibrotic mediators secreted by senescent epithelial cells, such as IL-1β, IL-6, and IL-8, encourage fibroblasts to differentiate into myofibroblasts and increase their resistance to apoptosis, which in turn leads to the accumulation of myofibroblasts and extracellular matrix, ultimately forming fibrotic lumps (Minagawa et al., 2011; Chen et al., 2019b; Tian et al., 2019). Among these processes, impaired autophagy, mitochondrial dysfunction and mitochondrial DNA damage are regulated by the Sirtuin family. By regulating these processes, Sirtuins help slow down cellular aging and thus reduce the occurrence of fibrosis.
SIRT3, a mitochondrial deacetylase, can regulate mitochondrial DNA damage in alveolar epithelial cells and lung diseases (Kim et al., 2015; Bindu et al., 2017; Cao et al., 2021). Studies have shown that specific silencing of the Sirt3 gene can inhibit the aging of fibroblasts, and this inhibitory effect is mediated through the PGC1-alpha/Sirt3 pathway (He et al., 2024a). In contrast, activation of Sirt3 can effectively reduce alveolar epithelial cell aging and alleviate mtDNA damage, possibly by activating the antioxidant capacity of SOD2 and the DNA repair function of OGG1 (Zhou et al., 2024). These results suggest that targeting Sirt3, the PGC1-alpha/Sirt3 pathway, SOD2 and OGG1 may be potential strategies for the treatment of pulmonary fibrosis. In addition, it has been found that the expression of senescence markers is increased in IPF lung samples, and that overexpression of SIRT6 can inhibit TGF-β-induced HBE cell senescence by promoting the degradation of the p21 protein (Minagawa et al., 2011). In IPF lungs and the lungs of aged mice, downregulation of zinc transporter ZIP8/SLC39A8 is associated with alveolar epithelial cell senescence and exacerbation of pulmonary fibrosis. Exogenous zinc supplementation and activation of SIRT1 promote the self-renewal and differentiation of AT2 cells in the lungs of IPF patients and aged mice, thereby reducing pulmonary fibrosis (Liang et al., 2022).
In terms of energy metabolism, He et al. found that SIRT6 alleviates bleomycin-induced lipotoxicity by encouraging the breakdown of lipids, which raises the energy supply and decreases lipid peroxide levels, thereby slowing the development of pulmonary fibrosis (He et al., 2024b). Choudhury found that SIRT7 regulates glutamine metabolism through the TGF-β/SIRT7/FOXO4 axis, promotes the deacetylation of FOXO4, thereby inhibiting the expression of GLS1, and thus controls the progression of pulmonary fibrosis (Choudhury et al., 2020, p. 1). In summary, targeting the SIRT6-PPARα-mediated lipolysis and the TGF-β/SIRT7/FOXO4-regulated glutamine metabolic pathway may be a potential strategy for the treatment of pulmonary fibrosis and related diseases.
3.6 Cell death
Programmed cell death plays a critical role in maintaining homeostasis and responding to environmental stimuli. When cells are stimulated by external stimuli or stressed by internal factors, they can initiate a protective suicide process, which is regulated by a variety of cell signaling molecules. A variety of programmed cell death modes have been identified, including apoptosis, pyroptosis, necroptosis, autophagy, ferroptosis, cuproptosis, and PANapoptosis (Lockshin, 2016, p. 50). Among them, pyroptosis is a form of programmed cell death driven by inflammasomes, which is characterized by the release of proinflammatory factors along with cell lysis, thereby triggering a strong inflammatory response (He et al., 2015). There is increasing evidence that pyroptosis plays a critical role in the development and progression of PF (Liang et al., 2020; Wei et al., 2023). In a mouse model of PF, the levels of caspase-1 and IL-1β in bronchoalveolar lavage fluid (BALF) were significantly elevated (Li et al., 2018). Studies of a bleomycin-induced PF model showed that mice lacking NLRP3, ASC, or caspase-1 had reduced IL-1β secretion from the lungs, accompanied by a decrease in the degree of inflammation and fibrosis (Stout-Delgado et al., 2016; Wei et al., 2023). Therefore, inhibiting inflammasome activation may be a potential therapeutic strategy for PF. Studies have shown that upregulation of SIRT3 can inhibit pyroptosis by inhibiting the activation of NLRP3 and caspase-1 (Chen et al., 2013; Tyagi et al., 2018; Kurundkar et al., 2019). In addition, vitamin D3 (VD3) may alleviate PF through SIRT3-mediated pyroptosis inhibition (Tang et al., 2023). It is worth noting that the STING signaling pathway can promote the release of IL-1β and IL-18 by inducing the classical activation mode of NLRP3 inflammasomes through K+ efflux and membrane perturbation, thereby driving aseptic inflammation and pyroptosis (Oduro et al., 2022). Zhou et al. further revealed that SIRT3 enhances the activity of superoxide dismutase 2 (SOD2) by deacetylation, thereby regulating the cGAS/STING and NF-κB signaling pathways, maintaining mitochondrial DNA integrity, and thereby inhibiting the progression of pulmonary fibrosis and mitochondrial damage (Zhou et al., 2024). These studies suggest that SIRT3 may play a role in pyroptosis regulation by targeting the NLRP3, caspase-1, cGAS/STING, and NF-κB signaling pathways, providing new potential intervention targets for the treatment of PF.
Apoptosis, a form of irreversible cell death, was proposed by Kerr and colleagues in 1972 and is characterized by a cascade of events triggered by the activation of cysteine aspartate-specific proteases (caspases) (Kerr et al., 1972). Morphologically, apoptotic cells show cell shrinkage, volume reduction, nuclear condensation and nuclear fragmentation, but the cell membrane remains intact (Medina et al., 2020). Studies have shown that oxidative stress-induced mitochondrial DNA (mtDNA) damage promotes apoptosis of AEC cells and lung fibrosis (Kim et al., 2015). Renea P Jablonski et al. found that SIRT3 deficiency can exacerbate mtDNA damage and apoptosis of alveolar epithelial cells, thereby promoting the progression of lung fibrosis (Jablonski et al., 2017). In addition, airway delivery of SIRT3 cDNA significantly improved pulmonary fibrosis in aged mice. This effect was associated with activation of the forkhead transcription factor FoxO3a in fibroblasts, which in turn regulated the expression of Bcl-2 family pro-apoptotic proteins and enhanced the sensitivity of fibroblasts to apoptosis (Rehan et al., 2021). These studies suggest that SIRT3 may play an important regulatory role in the process of apoptosis by reducing oxidative stress levels and protecting mtDNA integrity. Necroptosis is a novel type of programmed cell death that was first reported by Vercammen and colleagues in 1998. It has a typical necrotic morphology, but its upstream molecular regulatory mechanism is similar to that of apoptosis (Vercammen et al., 1998). Among them, receptor-interacting protein kinase 1 (RIPK1), RIPK3 and mixed lineage kinase domain-like protein (MLKL) are key regulatory factors (Samson et al., 2020). In various disease models, SIRT3 deficiency is closely related to the activation of necroptosis. Studies have shown that SIRT3 deficiency can significantly upregulate necroptosis-related proteins, including RIPK1, RIPK3, and caspase-3, and increase the expression of the inflammation-related proteins NLRP3, caspase-1, and IL-1β, thereby exacerbating mitochondrial damage and oxidative stress, and ultimately promoting necroptosis (Yang et al., 2020; Song et al., 2021). These findings suggest that SIRT3 may be involved in the regulation of necroptosis by regulating the expression of RIPK1, RIPK3 and caspase-3, providing a new potential target for intervention in related diseases.
PANoptosis is a novel form of inflammatory cell death regulated by the PANoptosome complex, which combines key features of pyroptosis, apoptosis and necroptosis (Samir et al., 2020). This mode of cell death is typically associated with the assembly of the PANoptosome, a multiprotein complex that is essential for the induction of pathogen-associated molecular patterns (PAMPs), damage-associated molecular patterns (DAMPs) and other risk factors. The components of the PANoptosome vary depending on the stimulus, but typically include Z-DNA binding protein 1 (ZBP1), receptor-interacting protein kinase 3 (RIPK3), receptor-interacting protein kinase 1 (RIPK1), apoptosis-related speck-like protein containing a caspase recruitment domain (ASC), Fas-associated protein with death domain (FADD), and caspase-8 (CASP8) (Zhu et al., 2023) In addition, the PANoptosome also contains key molecules that mediate pyroptosis, apoptosis and necroptosis, and is a core entry point for studying the mechanism and regulatory strategies of PANoptosis (Zhu et al., 2023). Recent studies have shown that SIRT1 may play a protective role in the regulation of PANoptosis. For example, lycopene can inhibit monensin B1-induced mitochondrial damage and PANoptosis through a SIRT1-dependent mechanism, suggesting a key regulatory role of SIRT1 in cell survival and energy metabolism (Wang et al., 2025). Similarly, it was found that vagal nerve stimulation (VNS) can inhibit chemotherapy-induced PANoptosis and promote neurological recovery through a SIRT1-dependent pathway (Tang et al., 2025). These studies further suggest that SIRT1 may be a potential target for intervention in diseases related to PANoptosis, providing new ideas for the development of subsequent treatment strategies (Figure 2).
[image: Figure 2]FIGURE 2 | Sirtuins are involved in the regulation of programmed cell death, such as pyroptosis, apoptosis, necroptosis, and PANoptosis. “→” represents “activation”; “—|” represents “inhibition”.
4 TARGETING SIRT3/6/7 IN THERAPEUTIC STRATEGIES FOR PULMONARY FIBROSIS
Since the Sirtuins family was identified as a potential drug target, many pharmacological and pharmaceutical studies have focused on the development of natural and synthetic Sirtuin regulators. Among these studies, honokiol (HNK), a novel lignin active ingredient, has been shown to be a natural inducer of SIRT3. Zhou et al. showed that HNK significantly alleviates the aging of alveolar type II epithelial cells (ATII cells) by activating SIRT3, which in turn enhances the activity of SOD2 activity, regulated the cGAS/STING and NF-κB signaling pathways, significantly alleviated the aging of ATII cells, protected mitochondrial DNA integrity, and thus effectively prevented pulmonary fibrosis and mitochondrial damage (Zhou et al., 2024). In addition, resveratrol, a polyphenolic compound, has been found to inhibit the differentiation of myofibroblasts and promote the transcriptional expression of SIRT3 (Olson et al., 2005; Zhou et al., 2014; Chen et al., 2015b). Sosulski et al. showed that resveratrol improved the acetylation changes of SOD2 and IDH2 induced by TGF-β1 by promoting the expression of SIRT3 (Sosulski et al., 2017). Similarly, cryptotanshinone is also considered an effective drug for the treatment of pulmonary fibrosis because it can regulate the TGF-β1/Smad3, STAT3 and SIRT3 signaling pathways (Wang et al., 2022).
Research on other natural compounds has also provided strong evidence for the treatment of IPF. For example, Ji-Hong et al. found that baicalein can inhibit the downregulation of Sirt3 expression induced by bleomycin in the lung, thereby inhibiting the TGF-β1/Smad signaling pathway and lung fibrosis, providing a novel experimental basis for the treatment of IPF (Ji-Hong et al., 2023). Similarly, Fu et al. found that mangiferin effectively alleviates diabetes-induced pulmonary fibrosis by enhancing AMPK activity, promoting the phosphorylation of FoxO3 and the expression of SIRT3(Fu et al., 2024). Tang et al. showed that vitamin D3 (VD3) intervention may inhibit the activation of the caspase-1/GSDMD-N and caspase-3/GSDME-N pathways by increasing SIRT3 expression, thereby inhibiting pyroptosis and alleviating pulmonary fibrosis (Tang et al., 2023). In addition, some scholars have found that Hirudin can inhibit fibroblast senescence by promoting the expression of PGC1-α and SIRT3 in fibroblasts, activate the PGC1-α/SIRT3 pathway, and effectively reduce the levels of ROS and oxidative stress markers, thereby exerting an anti-pulmonary fibrosis effect (He et al., 2024a). Zhang et al. found that Probusco can restore the expression level of SIRT3, reduce the production of TGF-β1 and EMT induced by bleomycin, and at the same time inhibit oxidative stress, thereby alleviating pulmonary fibrosis (Zhang et al., 2019a).
In addition, natural products such as fisetin, quercetin, kaempferol, punicalagin, taxifolin and caffeic acid may also act as Sirtuins activators. These compounds may be involved in physiological processes such as mitochondrial energy metabolism, oxidative stress regulation and anti-aging by activating the expression of the SIRT3/6 gene (Grozinger et al., 2001; Houtkooper et al., 2010; Hubbard and Sinclair, 2014) (Table 2).
TABLE 2 | List of SIRT3/6/7 regulators in pulmonary fibrosis.
[image: Table 2]Understanding the upstream regulatory mechanisms of sirtuin expression and activity is crucial for revealing their role in physiological and pathological processes and developing therapeutic strategies targeting SIRT3/6/7. The expression and activity of sirtuins are regulated at multiple levels, among which microRNAs (miRNAs) act as key post-transcriptional regulatory factors that affect the mRNA stability and protein expression levels of sirtuins. For example, miR-23b-3p, miR-494-3p, miR-224 and miR-421 reduce SIRT3 expression by inhibiting mRNA translation or promoting mRNA degradation (Kadota et al., 2020; Chen and Dai, 2023; Chen et al., 2024a); transcription factors SNAI1 and ZEB1 inhibit SIRT3 promoter activity (Zhang et al., 2020); and ZMAT1 promotes transcription by binding to the SIRT3 promoter (Ma et al., 2022). Similarly, miR-34a-5p, miR-486-3p, miR-122 and miR-26a target SIRT6 and inhibit its expression (Kaitsuka et al., 2021; Chen et al., 2024b; Li et al., 2024b; Mal et al., 2024); the transcription factor FOXO3a binds to the SIRT6 promoter and enhances its expression (Dong et al., 2020). In addition, studies have shown that miR-21-5p promotes tumor progression by regulating the ubiquitination of SIRT7 (Hu et al., 2023); while miR-148b-3p, miR-770 and PYCR1 protein target SIRT7 to inhibit its expression or transcription (Sun et al., 2018; Zheng et al., 2023; Li et al., 2024a). These regulatory factors not only affect the transcription and translation of Sirtuin, but also may regulate its function in metabolism, inflammatory response and fibrotic diseases. Further research into these mechanisms will provide a theoretical basis for the development of Sirtuin-related therapeutic strategies and enhance its application potential in disease intervention.
5 CLINICAL EVIDENCE AND CHALLENGES
We found 36 clinical trials on SIRT3, SIRT6 and SIRT7 in databases such as PubMed, ClinicalTrials.gov, the WHO International Clinical Trials Registry Platform (ICTRP), the Chinese Clinical Trial Registry (ChiCTR) and the ISRCTN Registry. Among these, 31 studies focused on the effects of different interventions on the expression of SIRT3, SIRT6 and SIRT7 proteins in human samples, while five studies evaluated the effects of SIRT activators (such as resveratrol, curcumin, SP-624 and IMU-856) and SIRT inhibitors (nicotinamide) on the physiological functions of subjects (Table 3). In a retrospective randomized controlled clinical trial, the researchers analyzed blood samples from 30 patients with acute coronary syndrome (ACS) to detect the levels of the inflammatory factors IL-1β, IL-18, TnI, and CK-MB and the expression of SIRT6. The results showed that Sirt6 can prevent or inhibit the development of ACS (Tian and Zhang, 2024). In addition, IMU-856, a small molecule SIRT6 regulator, was shown to be safe and well tolerated in a clinical trial in celiac disease patients, supporting once-daily dosing, and to improve relevant pharmacodynamic parameters during gluten exposure, suggesting that SIRT6 may be a potential therapeutic target (Daveson et al., 2025). Similarly, two phase I studies evaluated the pharmacokinetics and safety of SIRT6 activator SP-624 in healthy adults. The results showed that single and multiple doses of SP-624 were safe and well tolerated. A daily dose of 20 mg is currently being used in a phase II clinical trial to treat major depressive disorder (MDD) (Rigdon et al., 2025). In addition, a study by Javier Traba et al. found that 24-h fasting activates SIRT3 and may improve the body’s tolerance to NLRP3 inflammasome activation by reducing mitochondrial ROS levels (Traba et al., 2015). A retrospective study of 127 Chinese patients with colon cancer found that high expression of SIRT3 in the cytoplasm was significantly associated with high tumor grade, positive lymph node status, and poor prognosis, suggesting that SIRT3 may support tumor cell survival by promoting cell proliferation, migration, and invasion. Therefore, protein therapy targeting SIRT3 may be used as a complementary or alternative strategy to existing colon cancer chemotherapy (Liu et al., 2014). In summary, existing studies support the feasibility of clinical trials and treatment strategies targeting SIRT3 and SIRT6, providing a theoretical basis for the further development of Sirtuin-targeted therapies for pulmonary fibrosis.
TABLE 3 | List of clinical trials on SIRT3/6/7.
[image: Table 3]As research on SIRT regulators intensifies, more and more of these drugs are entering the clinical trial stage, but at the same time, they face many challenges. These challenges mainly involve target specificity, drug delivery, pharmacokinetic properties, the complexity of biological functions, and the limitations of preclinical research. The Sirtuins family has a total of seven members (SIRT1-7), and their highly similar structures make it extremely challenging to develop drugs that specifically target SIRT3, SIRT6, or SIRT7. Non-specific effects may affect efficacy and increase side effects (Han et al., 2021a; Zhang et al., 2022). In addition, since these proteins are mainly located in the nucleus or mitochondria, how to accurately deliver drugs to the corresponding subcellular structures while optimizing pharmacokinetic properties to improve efficacy and reduce side effects remains a key issue to be solved (Han et al., 2021a). SIRT3, SIRT6 and SIRT7 have diverse biological functions in different tissues and cell types. Therefore, a deeper understanding of their mechanisms of action in different physiological and pathological states is critical to ensure the safety and efficacy of targeted therapies. However, current research is mostly at an early stage, and there is a lack of large-scale preclinical and clinical data, which limits the comprehensive evaluation and clinical translation of SIRT proteins as therapeutic targets. There are still many limitations, such as the differences between animal models and human diseases, the differences in the functions of SIRT proteins in different species, individual differences, the complex pathophysiological mechanisms of PF diseases, and long-term effects. For example, commonly used animal models (such as the bleomycin-induced pulmonary fibrosis model) cannot completely reproduce the complex pathological characteristics of human pulmonary fibrosis, which may lead to poor efficacy of therapeutic strategies that perform well in animal models in human trials (Song et al., 2022). In addition, the differences in the functions of SIRT proteins in different species may affect the feasibility of their clinical application.
Currently, specific agonists or inhibitors targeting SIRT3, SIRT6 and SIRT7 are still limited, and most studies are short-term observations. There is a lack of systematic evaluation of the long-term effects and potential side effects of their use. Their safety and efficacy have not been fully verified in humans, which limits the advancement from preclinical studies to clinical trials. In the future, long-term clinical trials will need to be conducted to systematically evaluate the long-term safety and efficacy of Sirtuin modulators. In addition, the occurrence and development of pulmonary fibrosis are affected by multiple factors such as genetic background, environmental exposure and coexisting diseases (King et al., 2011), and current preclinical studies have difficulty comprehensively simulating these complex factors, which may lead to results in human trials that do not match expectations. Therefore, in future research, animal models need to be optimized to improve the specificity and delivery efficiency of Sirtuin-targeted drugs, while combining genetics, omics analysis and precision medicine strategies to promote the clinical application of SIRT3, SIRT6 and SIRT7 targeted therapies.
Although clinical therapies targeting SIRT3, SIRT6 and SIRT7 still face challenges in terms of drug specificity, pharmacokinetics and the complexity of biological functions, the development of new compounds and in-depth research on their mechanisms give them good prospects for future application. However, in the process of translation into human clinical trials, limitations such as safety and toxicity assessment, differences between animal models and human diseases, individual variation and long-term efficacy still need to be overcome. Therefore, clinical trial protocols should be designed carefully, taking these potential factors into full consideration, and systematic safety and toxicity studies should be carried out to ensure that the therapy will not adversely affect healthy tissues.
6 CONCLUSION AND OUTLOOK
The sirtuin family is an important class of deacetylases that are widely involved in the regulation of cellular metabolism, stress response, aging, and various diseases. The sirtuin family, especially the subtypes SIRT1, SIRT3, SIRT6, and SIRT7, plays a key role in the study of IPF. These sirtuin subtypes exhibit significant antifibrotic effects by regulating oxidative stress, inflammatory response, apoptosis, EMT, and fibrosis-related signaling pathways. Although a large number of studies have revealed the potential protective effects of Sirtuins in pulmonary fibrosis, the precise regulation of Sirtuins activity to achieve the desired therapeutic effect remains an important challenge.
Natural compounds, synthetic small molecules, and gene editing strategies provide potential therapeutic approaches for the treatment of pulmonary fibrosis. In particular, the specific activation or inhibition of SIRT3, SIRT6, and SIRT7 may open up new directions for the treatment of pulmonary fibrosis. This article reviews the role of SIRT3, SIRT6 and SIRT7 in lung fibrosis, which are relatively understudied in the Sirtuins family. It analyzes their mechanisms of action in detail and discusses therapeutic strategies targeting SIRT3, SIRT6 and SIRT7 and their related molecular pathways, providing useful clues for the future search for new IPF treatment targets and the development of new therapies. Future treatment strategies may no longer rely on the regulation of a single target, but rather through the combined intervention of multiple pathways to regulate multiple key mechanisms of lung fibrosis. In addition, further optimizing the safety, efficacy and precision of Sirtuins targeted therapies and exploring the specific mechanisms of action of different subtypes will provide more options and strategies for clinical treatment.
In short, the Sirtuins family has shown great potential for the treatment of pulmonary fibrosis. As research progresses, our understanding of its mechanism will be further deepened in the future, which will promote Sirtuins as a new and effective treatment. Although there are still some challenges, by overcoming the limitations of existing research and promoting the clinical application of Sirtuins targeted therapy, it will surely bring new treatment hope to IPF patients. Combined with multi-target therapy and early diagnosis, Sirtuins targeted therapy is expected to become an effective weapon against pulmonary fibrosis.
AUTHOR CONTRIBUTIONS
PH: Conceptualization, Visualization, Writing – original draft, Writing – review and editing. DQ: Conceptualization, Writing – original draft, Writing – review and editing. YQ: Visualization, Writing – review and editing. ST: Visualization, Writing – review and editing. GL: Funding acquisition, Supervision, Writing – original draft, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. The authors disclosed receipt of the following financial support for the research, authorship, and/or publication of this article: This research was funded by the Guangxi Science and Technology Base and Talent Project (Guike AD22035221) and the National Natural Science Foundation of China (No. 82360026).
ACKNOWLEDGMENTS
We thank figure draw for Medpeer and BioRender.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abdulkhaleq, L. A., Assi, M. A., Abdullah, R., Zamri-Saad, M., Taufiq-Yap, Y. H., and Hezmee, M. N. M. (2018). The crucial roles of inflammatory mediators in inflammation: a review. Vet. World 11, 627–635. doi:10.14202/vetworld.2018.627-635
 Alves-Fernandes, D. K., and Jasiulionis, M. G. (2019). The role of SIRT1 on DNA damage response and epigenetic alterations in cancer. Int. J. Mol. Sci. 20, 3153. doi:10.3390/ijms20133153
 Bańkowski, S., Petr, M., Rozpara, M., and Sadowska-Krępa, E. (2022). Effect of 6-week curcumin supplementation on aerobic capacity, antioxidant status and sirtuin 3 level in middle-aged amateur long-distance runners. Redox Rep. 27, 186–192. doi:10.1080/13510002.2022.2123882
 Barkauskas, C. E., and Noble, P. W. (2014). Cellular mechanisms of tissue fibrosis. 7. New insights into the cellular mechanisms of pulmonary fibrosis. Am. J. Physiol. Cell Physiol. 306, C987–C996. doi:10.1152/ajpcell.00321.2013
 Bartis, D., Mise, N., Mahida, R. Y., Eickelberg, O., and Thickett, D. R. (2014). Epithelial-mesenchymal transition in lung development and disease: does it exist and is it important?Thorax 69, 760–765. doi:10.1136/thoraxjnl-2013-204608
 Bindu, S., Pillai, V. B., Kanwal, A., Samant, S., Mutlu, G. M., Verdin, E., et al. (2017). SIRT3 blocks myofibroblast differentiation and pulmonary fibrosis by preventing mitochondrial DNA damage. Am. J. Physiol. Lung Cell Mol. Physiol. 312, L68-L78–L78. doi:10.1152/ajplung.00188.2016
 Blokland, K. E. C., Waters, D. W., Schuliga, M., Read, J., Pouwels, S. D., Grainge, C. L., et al. (2020). Senescence of IPF lung fibroblasts disrupt alveolar epithelial cell proliferation and promote migration in wound healing. Pharmaceutics 12, 389. doi:10.3390/pharmaceutics12040389
 Bordone, L., and Guarente, L. (2005). Calorie restriction, SIRT1 and metabolism: understanding longevity. Nat. Rev. Mol. Cell Biol. 6, 298–305. doi:10.1038/nrm1616
 Bueno, M., Lai, Y.-C., Romero, Y., Brands, J., St Croix, C. M., Kamga, C., et al. (2015). PINK1 deficiency impairs mitochondrial homeostasis and promotes lung fibrosis. J. Clin. Invest 125, 521–538. doi:10.1172/JCI74942
 Burgess, J. K., Weiss, D. J., Westergren-Thorsson, G., Wigen, J., Dean, C. H., Mumby, S., et al. (2024). Extracellular matrix as a driver of chronic lung diseases. Am. J. Respir. Cell Mol. Biol. 70, 239–246. doi:10.1165/rcmb.2023-0176PS
 Campisi, J., and d’Adda di Fagagna, F. (2007). Cellular senescence: when bad things happen to good cells. Nat. Rev. Mol. Cell Biol. 8, 729–740. doi:10.1038/nrm2233
 Cao, K., Chen, Y., Zhao, S., Huang, Y., Liu, T., Liu, H., et al. (2021). Sirt3 promoted DNA damage repair and radioresistance through ATM-chk2 in non-small cell lung cancer cells. J. Cancer 12, 5464–5472. doi:10.7150/jca.53173
 Chen, B., Zang, W., Wang, J., Huang, Y., He, Y., Yan, L., et al. (2015a). The chemical biology of sirtuins. Chem. Soc. Rev. 44, 5246–5264. doi:10.1039/c4cs00373j
 Chen, C.-J., Fu, Y.-C., Yu, W., and Wang, W. (2013). SIRT3 protects cardiomyocytes from oxidative stress-mediated cell death by activating NF-κB. Biochem. Biophys. Res. Commun. 430, 798–803. doi:10.1016/j.bbrc.2012.11.066
 Chen, L., Deng, H., Cui, H., Fang, J., Zuo, Z., Deng, J., et al. (2018). Inflammatory responses and inflammation-associated diseases in organs. Oncotarget 9, 7204–7218. doi:10.18632/oncotarget.23208
 Chen, P., Tian, K., Tu, W., Zhang, Q., Han, L., and Zhou, X. (2019a). Sirtuin 6 inhibits MWCNTs-induced epithelial-mesenchymal transition in human bronchial epithelial cells via inactivating TGF-β1/Smad2 signaling pathway. Toxicol. Appl. Pharmacol. 374, 1–10. doi:10.1016/j.taap.2019.04.013
 Chen, S., Blank, M. F., Iyer, A., Huang, B., Wang, L., Grummt, I., et al. (2016). SIRT7-dependent deacetylation of the U3-55k protein controls pre-rRNA processing. Nat. Commun. 7, 10734. doi:10.1038/ncomms10734
 Chen, S., Chen, W., Li, Z., Yue, J., Yung, K. K. L., and Li, R. (2024a). Regulation of PM2.5 on mitochondrial damage in H9c2 cells through miR-421/SIRT3 pathway and protective effect of miR-421 inhibitor and resveratrol. J. Environ. Sci. 138, 288–300. doi:10.1016/j.jes.2023.03.016
 Chen, S., and Dai, M. (2023). The miR-224-5p/SIRT3/AMPK/mTOR axis is involved in the melatonin-mediated inhibition of glucocorticoid-induced osteoporosis by activating autophagy. Hum. Cell 36, 1965–1977. doi:10.1007/s13577-023-00929-z
 Chen, S., Yuan, M., Chen, H., Wu, T., Wu, T., Zhang, D., et al. (2024b). MiR-34a-5p suppresses cutaneous squamous cell carcinoma progression by targeting SIRT6. Arch. Dermatol Res. 316, 299. doi:10.1007/s00403-024-03106-w
 Chen, S., Zhao, T., Xie, S., and Wan, X. (2024c). Epithelial IL5RA promotes epithelial-mesenchymal transition in pulmonary fibrosis via Jak2/STAT3 cascade. Pulm. Pharmacol. Ther. 84, 102286. doi:10.1016/j.pupt.2024.102286
 Chen, T., Li, J., Liu, J., Li, N., Wang, S., Liu, H., et al. (2015b). Activation of SIRT3 by resveratrol ameliorates cardiac fibrosis and improves cardiac function via the TGF-β/Smad3 pathway. Am. J. Physiol. Heart Circ. Physiol. 308, H424–H434. doi:10.1152/ajpheart.00454.2014
 Chen, X., Xu, H., Hou, J., Wang, H., Zheng, Y., Li, H., et al. (2019b). Epithelial cell senescence induces pulmonary fibrosis through Nanog-mediated fibroblast activation. Aging (Albany NY) 12, 242–259. doi:10.18632/aging.102613
 Cheresh, P., Kim, S.-J., Jablonski, R., Watanabe, S., Lu, Z., Chi, M., et al. (2021). SIRT3 overexpression ameliorates asbestos-induced pulmonary fibrosis, mt-DNA damage, and lung fibrogenic monocyte recruitment. Int. J. Mol. Sci. 22, 6856. doi:10.3390/ijms22136856
 Cho, S.-Y., Chung, Y.-S., Yoon, H.-K., and Roh, H.-T. (2022). Impact of exercise intensity on systemic oxidative stress, inflammatory responses, and sirtuin levels in healthy male volunteers. IJERPH 19, 11292. doi:10.3390/ijerph191811292
 Choudhury, M., Yin, X., Schaefbauer, K. J., Kang, J.-H., Roy, B., Kottom, T. J., et al. (2020). SIRT7-mediated modulation of glutaminase 1 regulates TGF-β-induced pulmonary fibrosis. FASEB J. 34, 8920–8940. doi:10.1096/fj.202000564R
 Chu, H., Jiang, S., Liu, Q., Ma, Y., Zhu, X., Liang, M., et al. (2018). Sirtuin1 protects against systemic sclerosis-related pulmonary fibrosis by decreasing proinflammatory and profibrotic processes. Am. J. Respir. Cell Mol. Biol. 58, 28–39. doi:10.1165/rcmb.2016-0192OC
 Dasari, A., Bartholomew, J. N., Volonte, D., and Galbiati, F. (2006). Oxidative stress induces premature senescence by stimulating caveolin-1 gene transcription through p38 mitogen-activated protein kinase/Sp1-mediated activation of two GC-rich promoter elements. Cancer Res. 66, 10805–10814. doi:10.1158/0008-5472.CAN-06-1236
 Daveson, A. J. M., Stubbs, R., Polasek, T. M., Isola, J., Anderson, R., Tye-Din, J. A., et al. (2025). Safety, clinical activity, pharmacodynamics, and pharmacokinetics of IMU-856, a SIRT6 modulator, in coeliac disease: a first-in-human, randomised, double-blind, placebo-controlled, phase 1 trial. Lancet Gastroenterology and Hepatology 10, 44–54. doi:10.1016/S2468-1253(24)00248-6
 de Gregorio, E., Colell, A., Morales, A., and Marí, M. (2020). Relevance of SIRT1-NF-κB Axis as therapeutic target to ameliorate inflammation in liver disease. Int. J. Mol. Sci. 21, 3858. doi:10.3390/ijms21113858
 de Souza-Pinto, N. C., Eide, L., Hogue, B. A., Thybo, T., Stevnsner, T., Seeberg, E., et al. (2001). Repair of 8-oxodeoxyguanosine lesions in mitochondrial dna depends on the oxoguanine dna glycosylase (OGG1) gene and 8-oxoguanine accumulates in the mitochondrial dna of OGG1-defective mice. Cancer Res. 61, 5378–5381.
 Dong, Z., Yang, J., Li, L., Tan, L., Shi, P., Zhang, J., et al. (2020). FOXO3a-SIRT6 axis suppresses aerobic glycolysis in melanoma. Int. J. Oncol. 56, 728–742. doi:10.3892/ijo.2020.4964
 El Agha, E., Kramann, R., Schneider, R. K., Li, X., Seeger, W., Humphreys, B. D., et al. (2017). Mesenchymal stem cells in fibrotic disease. Cell Stem Cell 21, 166–177. doi:10.1016/j.stem.2017.07.011
 Fu, T.-L., Li, G.-R., Li, D.-H., He, R.-Y., Liu, B.-H., Xiong, R., et al. (2024). Mangiferin alleviates diabetic pulmonary fibrosis in mice via inhibiting endothelial-mesenchymal transition through AMPK/FoxO3/SIRT3 axis. Acta Pharmacol. Sin. 45, 1002–1018. doi:10.1038/s41401-023-01202-7
 Gao, J., Peng, S., Shan, X., Deng, G., Shen, L., Sun, J., et al. (2019). Inhibition of AIM2 inflammasome-mediated pyroptosis by Andrographolide contributes to amelioration of radiation-induced lung inflammation and fibrosis. Cell Death Dis. 10, 957. doi:10.1038/s41419-019-2195-8
 Gong, H., Zheng, C., Lyu, X., Dong, L., Tan, S., and Zhang, X. (2021). Inhibition of Sirt2 alleviates fibroblasts activation and pulmonary fibrosis via smad2/3 pathway. Front. Pharmacol. 12, 756131. doi:10.3389/fphar.2021.756131
 González-Fernández, R., Martín-Ramírez, R., Rotoli, D., Hernández, J., Naftolin, F., Martín-Vasallo, P., et al. (2019). Granulosa-lutein cell sirtuin gene expression profiles differ between normal donors and infertile women. IJMS 21, 295. doi:10.3390/ijms21010295
 Grozinger, C. M., Chao, E. D., Blackwell, H. E., Moazed, D., and Schreiber, S. L. (2001). Identification of a class of small molecule inhibitors of the sirtuin family of NAD-dependent deacetylases by phenotypic screening. J. Biol. Chem. 276, 38837–38843. doi:10.1074/jbc.M106779200
 Guo, W., Saito, S., Sanchez, C. G., Zhuang, Y., Gongora Rosero, R. E., Shan, B., et al. (2017). TGF-β1 stimulates HDAC4 nucleus-to-cytoplasm translocation and NADPH oxidase 4-derived reactive oxygen species in normal human lung fibroblasts. Am. J. Physiol. Lung Cell Mol. Physiol. 312, L936-L944–L944. doi:10.1152/ajplung.00256.2016
 Han, M., Song, Y., Liu, S., Lu, X., Su, L., Liu, M., et al. (2022). Engineering of stimulus-responsive pirfenidone liposomes for pulmonary delivery during treatment of idiopathic pulmonary fibrosis. Front. Pharmacol. 13, 882678. doi:10.3389/fphar.2022.882678
 Han, M. K., Zhou, Y., Murray, S., Tayob, N., Noth, I., Lama, V. N., et al. (2014). Lung microbiome and disease progression in idiopathic pulmonary fibrosis: an analysis of the COMET study. Lancet Respir. Med. 2, 548–556. doi:10.1016/S2213-2600(14)70069-4
 Han, Q., Xie, Q. R., Li, F., Cheng, Y., Wu, T., Zhang, Y., et al. (2021a). Targeted inhibition of SIRT6 via engineered exosomes impairs tumorigenesis and metastasis in prostate cancer. Theranostics 11, 6526–6541. doi:10.7150/thno.53886
 Han, Y.-Y., Gu, X., Yang, C.-Y., Ji, H.-M., Lan, Y.-J., Bi, Y.-Q., et al. (2021b). Protective effect of dimethyl itaconate against fibroblast-myofibroblast differentiation during pulmonary fibrosis by inhibiting TXNIP. J. Cell Physiol. 236, 7734–7744. doi:10.1002/jcp.30456
 He, B., Zeng, Q., Tian, Y., Luo, Y., Liao, M., Huang, W., et al. (2024a). PGC1-Alpha/Sirt3 signaling pathway mediates the anti-pulmonary fibrosis effect of Hirudin by inhibiting fibroblast senescence. Biomedicines 12, 1436. doi:10.3390/biomedicines12071436
 He, J., Li, X., and Yu, M. (2021). Bioinformatics analysis identifies potential ferroptosis key genes in the pathogenesis of pulmonary fibrosis. Front. Genet. 12, 788417. doi:10.3389/fgene.2021.788417
 He, J., Yu, C., Shen, Y., Huang, J., Zhou, Y., Gu, J., et al. (2024b). Sirtuin 6 ameliorates bleomycin-induced pulmonary fibrosis via activation of lipid catabolism. J. Cell Physiol. 239, e31027. doi:10.1002/jcp.31027
 He, W., Wan, H., Hu, L., Chen, P., Wang, X., Huang, Z., et al. (2015). Gasdermin D is an executor of pyroptosis and required for interleukin-1β secretion. Cell Res. 25, 1285–1298. doi:10.1038/cr.2015.139
 Hecker, L., Vittal, R., Jones, T., Jagirdar, R., Luckhardt, T. R., Horowitz, J. C., et al. (2009). NADPH oxidase-4 mediates myofibroblast activation and fibrogenic responses to lung injury. Nat. Med. 15, 1077–1081. doi:10.1038/nm.2005
 Hinz, B., Phan, S. H., Thannickal, V. J., Prunotto, M., Desmoulière, A., Varga, J., et al. (2012). Recent developments in myofibroblast biology: paradigms for connective tissue remodeling. Am. J. Pathol. 180, 1340–1355. doi:10.1016/j.ajpath.2012.02.004
 Hooshmand-Moghadam, B., Eskandari, M., Golestani, F., Rezae, S., Mahmoudi, N., and Gaeini, A. A. (2020). The effect of 12-week resistance exercise training on serum levels of cellular aging process parameters in elderly men. Exp. Gerontol. 141, 111090. doi:10.1016/j.exger.2020.111090
 Houtkooper, R. H., Cantó, C., Wanders, R. J., and Auwerx, J. (2010). The secret life of NAD+: an old metabolite controlling new metabolic signaling pathways. Endocr. Rev. 31, 194–223. doi:10.1210/er.2009-0026
 Hu, Z., Zhao, Y., Mang, Y., Zhu, J., Yu, L., Li, L., et al. (2023). MiR-21-5p promotes sorafenib resistance and hepatocellular carcinoma progression by regulating SIRT7 ubiquitination through USP24. Life Sci. 325, 121773. doi:10.1016/j.lfs.2023.121773
 Huang, Y., Ma, S.-F., Espindola, M. S., Vij, R., Oldham, J. M., Huffnagle, G. B., et al. (2017). Microbes are associated with host innate immune response in idiopathic pulmonary fibrosis. Am. J. Respir. Crit. Care Med. 196, 208–219. doi:10.1164/rccm.201607-1525OC
 Hubbard, B. P., and Sinclair, D. A. (2014). Small molecule SIRT1 activators for the treatment of aging and age-related diseases. Trends Pharmacol. Sci. 35, 146–154. doi:10.1016/j.tips.2013.12.004
 Imai, S., Armstrong, C. M., Kaeberlein, M., and Guarente, L. (2000). Transcriptional silencing and longevity protein Sir2 is an NAD-dependent histone deacetylase. Nature 403, 795–800. doi:10.1038/35001622
 Islam, M. A., Getz, M., Macklin, P., and Ford Versypt, A. N. (2023). An agent-based modeling approach for lung fibrosis in response to COVID-19. PLoS Comput. Biol. 19, e1011741. doi:10.1371/journal.pcbi.1011741
 Jablonski, R. P., Kim, S.-J., Cheresh, P., Williams, D. B., Morales-Nebreda, L., Cheng, Y., et al. (2017). SIRT3 deficiency promotes lung fibrosis by augmenting alveolar epithelial cell mitochondrial DNA damage and apoptosis. FASEB J. 31, 2520–2532. doi:10.1096/fj.201601077R
 Ji-Hong, Y., Yu, M., Ling-Hong, Y., Jing-Jing, G., Ling-Li, X., Lv, W., et al. (2023). Baicalein attenuates bleomycin-induced lung fibroblast senescence and lung fibrosis through restoration of Sirt3 expression. Pharm. Biol. 61, 288–297. doi:10.1080/13880209.2022.2160767
 Kadota, T., Yoshioka, Y., Fujita, Y., Araya, J., Minagawa, S., Hara, H., et al. (2020). Extracellular vesicles from fibroblasts induce epithelial-cell senescence in pulmonary fibrosis. Am. J. Respir. Cell Mol. Biol. 63, 623–636. doi:10.1165/rcmb.2020-0002OC
 Kaitsuka, T., Matsushita, M., and Matsushita, N. (2021). Regulation of hypoxic signaling and oxidative stress via the MicroRNA–SIRT2 Axis and its relationship with aging-related diseases. Cells 10, 3316. doi:10.3390/cells10123316
 Kanwal, A., Pillai, V. B., Samant, S., Gupta, M., and Gupta, M. P. (2019). The nuclear and mitochondrial sirtuins, Sirt6 and Sirt3, regulate each other’s activity and protect the heart from developing obesity-mediated diabetic cardiomyopathy. FASEB J. 33, 10872–10888. doi:10.1096/fj.201900767R
 Kawahara, T. L. A., Michishita, E., Adler, A. S., Damian, M., Berber, E., Lin, M., et al. (2009). SIRT6 links histone H3 lysine 9 deacetylation to NF-kappaB-dependent gene expression and organismal life span. Cell 136, 62–74. doi:10.1016/j.cell.2008.10.052
 Kerr, J. F. R., Wyllie, A. H., and Currie, A. R. (1972). Apoptosis: a basic biological phenomenon with wideranging implications in tissue kinetics. Br. J. Cancer 26, 239–257. doi:10.1038/bjc.1972.33
 Kim, S.-J., Cheresh, P., Jablonski, R. P., Williams, D. B., and Kamp, D. W. (2015). The role of mitochondrial DNA in mediating alveolar epithelial cell apoptosis and pulmonary fibrosis. Int. J. Mol. Sci. 16, 21486–21519. doi:10.3390/ijms160921486
 King, T. E., Pardo, A., and Selman, M. (2011). Idiopathic pulmonary fibrosis. Lancet 378, 1949–1961. doi:10.1016/S0140-6736(11)60052-4
 Koch, L., Frommhold, D., Buschmann, K., Kuss, N., Poeschl, J., and Ruef, P. (2014). LPS- and LTA-induced expression of IL-6 and TNF-α in neonatal and adult blood: role of MAPKs and NF-κB. Mediat. Inflamm. 2014, 283126. doi:10.1155/2014/283126
 Kugel, S., and Mostoslavsky, R. (2014). Chromatin and beyond: the multitasking roles for SIRT6. Trends Biochem. Sci. 39, 72–81. doi:10.1016/j.tibs.2013.12.002
 Kurundkar, D., Kurundkar, A. R., Bone, N. B., Becker, E. J., Liu, W., Chacko, B., et al. (2019). SIRT3 diminishes inflammation and mitigates endotoxin-induced acute lung injury. JCI Insight 4, e120722. doi:10.1172/jci.insight.120722
 Lamouille, S., Xu, J., and Derynck, R. (2014). Molecular mechanisms of epithelial-mesenchymal transition. Nat. Rev. Mol. Cell Biol. 15, 178–196. doi:10.1038/nrm3758
 Lederer, D. J., and Martinez, F. J. (2018). Idiopathic pulmonary fibrosis. N. Engl. J. Med. 378, 1811–1823. doi:10.1056/NEJMra1705751
 Lee, J. S., La, J., Aziz, S., Dobrinskikh, E., Brownell, R., Jones, K. D., et al. (2021). Molecular markers of telomere dysfunction and senescence are common findings in the usual interstitial pneumonia pattern of lung fibrosis. Histopathology 79, 67–76. doi:10.1111/his.14334
 Li, H., Yuan, Z., Wu, J., Lu, J., Wang, Y., and Zhang, L. (2024a). Unraveling the multifaceted role of SIRT7 and its therapeutic potential in human diseases. Int. J. Biol. Macromol. 279, 135210. doi:10.1016/j.ijbiomac.2024.135210
 Li, L., Shi, L., Yang, S., Yan, R., Zhang, D., Yang, J., et al. (2016). SIRT7 is a histone desuccinylase that functionally links to chromatin compaction and genome stability. Nat. Commun. 7, 12235. doi:10.1038/ncomms12235
 Li, N., Xiong, R., Li, G., Wang, B., and Geng, Q. (2023). PM2.5 contributed to pulmonary epithelial senescence and ferroptosis by regulating USP3-SIRT3-P53 axis. Free Radic. Biol. Med. 205, 291–304. doi:10.1016/j.freeradbiomed.2023.06.017
 Li, Y., Li, H., Liu, S., Pan, P., Su, X., Tan, H., et al. (2018). Pirfenidone ameliorates lipopolysaccharide-induced pulmonary inflammation and fibrosis by blocking NLRP3 inflammasome activation. Mol. Immunol. 99, 134–144. doi:10.1016/j.molimm.2018.05.003
 Li, Y., Xiao, Y., Shang, Y., Xu, C., Han, C., Hu, D., et al. (2024b). Exosomes derived from adipose tissue-derived stem cells alleviated H2O2-induced oxidative stress and endothelial-to-mesenchymal transition in human umbilical vein endothelial cells by inhibition of the mir-486-3p/Sirt6/Smad signaling pathway. Cell Biol. Toxicol. 40, 39. doi:10.1007/s10565-024-09881-6
 Liang, J., Huang, G., Liu, X., Taghavifar, F., Liu, N., Wang, Y., et al. (2022). The ZIP8/SIRT1 axis regulates alveolar progenitor cell renewal in aging and idiopathic pulmonary fibrosis. J. Clin. Invest 132, e157338. doi:10.1172/JCI157338
 Liang, Q., Cai, W., Zhao, Y., Xu, H., Tang, H., Chen, D., et al. (2020). Lycorine ameliorates bleomycin-induced pulmonary fibrosis via inhibiting NLRP3 inflammasome activation and pyroptosis. Pharmacol. Res. 158, 104884. doi:10.1016/j.phrs.2020.104884
 Lilja, S., Stoll, C., Krammer, U., Hippe, B., Duszka, K., Debebe, T., et al. (2021). Five days periodic fasting elevates levels of longevity related christensenella and sirtuin expression in humans. IJMS 22, 2331. doi:10.3390/ijms22052331
 Liu, C., Huang, Z., Jiang, H., and Shi, F. (2014). The sirtuin 3 expression profile is associated with pathological and clinical outcomes in colon cancer patients. BioMed Res. Int. 2014, 871263–871269. doi:10.1155/2014/871263
 Liu, S.-S., Liu, C., Lv, X.-X., Cui, B., Yan, J., Li, Y.-X., et al. (2021). The chemokine CCL1 triggers an AMFR-SPRY1 pathway that promotes differentiation of lung fibroblasts into myofibroblasts and drives pulmonary fibrosis. Immunity 54, 2042–2056.e8. doi:10.1016/j.immuni.2021.06.008
 Lockshin, R. A. (2016). Programmed cell death 50 (and beyond). Cell Death Differ. 23, 10–17. doi:10.1038/cdd.2015.126
 Ma, Z., Li, Z., Wang, S., Zhou, Z., Liu, C., Zhuang, H., et al. (2022). ZMAT1 acts as a tumor suppressor in pancreatic ductal adenocarcinoma by inducing SIRT3/p53 signaling pathway. J. Exp. Clin. Cancer Res. 41, 130. doi:10.1186/s13046-022-02310-8
 Mack, M. (2018). Inflammation and fibrosis. Matrix Biol. 68–69, 106–121. doi:10.1016/j.matbio.2017.11.010
 Maher, T. M., Bendstrup, E., Dron, L., Langley, J., Smith, G., Khalid, J. M., et al. (2021). Global incidence and prevalence of idiopathic pulmonary fibrosis. Respir. Res. 22, 197. doi:10.1186/s12931-021-01791-z
 Mal, S., Majumder, D., Birari, P., Sharma, A. K., Gupta, U., Jana, K., et al. (2024). The miR -26a/SIRT6/HIF -1α axis regulates glycolysis and inflammatory responses in host macrophages during Mycobacterium tuberculosis infection. FEBS Lett. 598, 2592–2614. doi:10.1002/1873-3468.15001
 Mayr, C. H., Sengupta, A., Asgharpour, S., Ansari, M., Pestoni, J. C., Ogar, P., et al. (2024). Sfrp1 inhibits lung fibroblast invasion during transition to injury-induced myofibroblasts. Eur. Respir. J. 63, 2301326. doi:10.1183/13993003.01326-2023
 Medina, C. B., Mehrotra, P., Arandjelovic, S., Perry, J. S. A., Guo, Y., Morioka, S., et al. (2020). Metabolites released from apoptotic cells act as tissue messengers. Nature 580, 130–135. doi:10.1038/s41586-020-2121-3
 Medzhitov, R. (2010). Inflammation 2010: new adventures of an old flame. Cell 140, 771–776. doi:10.1016/j.cell.2010.03.006
 Mei, Q., Liu, Z., Zuo, H., Yang, Z., and Qu, J. (2021). Idiopathic pulmonary fibrosis: an update on pathogenesis. Front. Pharmacol. 12, 797292. doi:10.3389/fphar.2021.797292
 Mekhlef, Y. O., AboulMagd, A. M., and Gouda, A. M. (2023). Design, Synthesis, Molecular docking, and biological evaluation of novel 2,3-diaryl-1,3-thiazolidine-4-one derivatives as potential anti-inflammatory and cytotoxic agents. Bioorg Chem. 133, 106411. doi:10.1016/j.bioorg.2023.106411
 Michan, S., and Sinclair, D. (2007). Sirtuins in mammals: insights into their biological function. Biochem. J. 404, 1–13. doi:10.1042/BJ20070140
 Minagawa, S., Araya, J., Numata, T., Nojiri, S., Hara, H., Yumino, Y., et al. (2011). Accelerated epithelial cell senescence in IPF and the inhibitory role of SIRT6 in TGF-β-induced senescence of human bronchial epithelial cells. Am. J. Physiol. Lung Cell Mol. Physiol. 300, L391–L401. doi:10.1152/ajplung.00097.2010
 Molyneaux, P. L., and Maher, T. M. (2013). The role of infection in the pathogenesis of idiopathic pulmonary fibrosis. Eur. Respir. Rev. 22, 376–381. doi:10.1183/09059180.00000713
 Mora, A. L., Bueno, M., and Rojas, M. (2017). Mitochondria in the spotlight of aging and idiopathic pulmonary fibrosis. J. Clin. Invest 127, 405–414. doi:10.1172/JCI87440
 Nikooyeh, B., Hollis, B. W., and Neyestani, T. R. (2021). The effect of daily intake of vitamin D-fortified yogurt drink, with and without added calcium, on serum adiponectin and sirtuins 1 and 6 in adult subjects with type 2 diabetes. Nutr. Diabetes 11, 26. doi:10.1038/s41387-021-00168-x
 Oduro, P. K., Zheng, X., Wei, J., Yang, Y., Wang, Y., Zhang, H., et al. (2022). The cGAS–STING signaling in cardiovascular and metabolic diseases: future novel target option for pharmacotherapy. Acta Pharm. Sin. B 12, 50–75. doi:10.1016/j.apsb.2021.05.011
 Oh, H.-J., Bae, S.-C., Oh, I.-J., Park, C.-K., Jung, K.-M., Kim, D.-M., et al. (2024). Nicotinamide in combination with EGFR-TKIs for the treatment of stage IV lung adenocarcinoma with egfr mutations: a randomized double-blind (phase IIb) trial. Clin. Cancer Res. 30, 1478–1487. doi:10.1158/1078-0432.CCR-23-3059
 Olson, A. L., Gifford, A. H., Inase, N., Fernández Pérez, E. R., and Suda, T. (2018). The epidemiology of idiopathic pulmonary fibrosis and interstitial lung diseases at risk of a progressive-fibrosing phenotype. Eur. Respir. Rev. 27, 180077. doi:10.1183/16000617.0077-2018
 Olson, E. R., Naugle, J. E., Zhang, X., Bomser, J. A., and Meszaros, J. G. (2005). Inhibition of cardiac fibroblast proliferation and myofibroblast differentiation by resveratrol. Am. J. Physiol. Heart Circ. Physiol. 288, H1131–H1138. doi:10.1152/ajpheart.00763.2004
 Palomer, X., Román-Azcona, M. S., Pizarro-Delgado, J., Planavila, A., Villarroya, F., Valenzuela-Alcaraz, B., et al. (2020). SIRT3-mediated inhibition of FOS through histone H3 deacetylation prevents cardiac fibrosis and inflammation. Sig Transduct. Target Ther. 5, 14. doi:10.1038/s41392-020-0114-1
 Pillai, V. B., Bindu, S., Sharp, W., Fang, Y. H., Kim, G., Gupta, M., et al. (2016). Sirt3 protects mitochondrial DNA damage and blocks the development of doxorubicin-induced cardiomyopathy in mice. Am. J. Physiol. Heart Circ. Physiol. 310, H962–H972. doi:10.1152/ajpheart.00832.2015
 Prabhakar, P. K., Singh, K., Kabra, D., and Gupta, J. (2020). Natural SIRT1 modifiers as promising therapeutic agents for improving diabetic wound healing. Phytomedicine 76, 153252. doi:10.1016/j.phymed.2020.153252
 Qian, W., Cai, X., Qian, Q., and Zhang, X. (2021). Identification and validation of potential biomarkers and pathways for idiopathic pulmonary fibrosis by comprehensive bioinformatics analysis. Biomed. Res. Int. 2021, 5545312. doi:10.1155/2021/5545312
 Qu, J., Zhang, Z., Zhang, P., Zheng, C., Zhou, W., Cui, W., et al. (2019). Downregulation of HMGB1 is required for the protective role of Nrf2 in EMT-mediated PF. J. Cell Physiol. 234, 8862–8872. doi:10.1002/jcp.27548
 Quan, Y., Park, W., Jin, J., Kim, W., Park, S. K., and Kang, K. P. (2020). Sirtuin 3 activation by honokiol decreases unilateral ureteral obstruction-induced renal inflammation and fibrosis via regulation of mitochondrial dynamics and the renal NF-κBTGF-β1/Smad signaling pathway. Int. J. Mol. Sci. 21, 402. doi:10.3390/ijms21020402
 Raghu, G., Remy-Jardin, M., Myers, J. L., Richeldi, L., Ryerson, C. J., Lederer, D. J., et al. (2018). Diagnosis of idiopathic pulmonary fibrosis. An official ATS/ERS/JRS/ALAT clinical practice guideline. Am. J. Respir. Crit. Care Med. 198, e44–e68. doi:10.1164/rccm.201807-1255ST
 Reddy, V. P., Zhu, X., Perry, G., and Smith, M. A. (2009). Oxidative stress in diabetes and Alzheimer’s disease. J. Alzheimers Dis. 16, 763–774. doi:10.3233/JAD-2009-1013
 Rehan, M., Kurundkar, D., Kurundkar, A. R., Logsdon, N. J., Smith, S. R., Chanda, D., et al. (2021). Restoration of SIRT3 gene expression by airway delivery resolves age-associated persistent lung fibrosis in mice. Nat. Aging 1, 205–217. doi:10.1038/s43587-021-00027-5
 Rigdon, G., Prescott, Y., Hall, J., Abernathy, K., Raskin, J., and Wargin, W. (2025). Phase 1, single-center, double-blind, randomized, placebo-controlled studies of the safety, tolerability, and pharmacokinetics of single and multiple ascending oral doses of the sirtuin 6 activator SP-624 in healthy adults. Clin. Pharm Drug Dev 14, 18–25. doi:10.1002/cpdd.1488
 Samir, P., Malireddi, R. K. S., and Kanneganti, T.-D. (2020). The PANoptosome: a deadly protein complex driving pyroptosis, apoptosis, and necroptosis (PANoptosis). Front. Cell. Infect. Microbiol. 10, 238. doi:10.3389/fcimb.2020.00238
 Samson, A. L., Zhang, Y., Geoghegan, N. D., Gavin, X. J., Davies, K. A., Mlodzianoski, M. J., et al. (2020). MLKL trafficking and accumulation at the plasma membrane control the kinetics and threshold for necroptosis. Nat. Commun. 11, 3151. doi:10.1038/s41467-020-16887-1
 Schäfer, S. C., Funke-Chambour, M., and Berezowska, S. (2020). Idiopathic pulmonary fibrosis-epidemiology, causes, and clinical course. Pathologe 41, 46–51. doi:10.1007/s00292-019-00747-x
 Schuliga, M., Read, J., Blokland, K. E. C., Waters, D. W., Burgess, J., Prêle, C., et al. (2020). Self DNA perpetuates IPF lung fibroblast senescence in a cGAS-dependent manner. Clin. Sci. (Lond) 134, 889–905. doi:10.1042/CS20191160
 Sellares, J., Veraldi, K. L., Thiel, K. J., Cárdenes, N., Alvarez, D., Schneider, F., et al. (2019). Intracellular heat shock protein 70 deficiency in pulmonary fibrosis. Am. J. Respir. Cell Mol. Biol. 60, 629–636. doi:10.1165/rcmb.2017-0268OC
 Shenderov, K., Collins, S. L., Powell, J. D., and Horton, M. R. (2021). Immune dysregulation as a driver of idiopathic pulmonary fibrosis. J. Clin. Invest 131, e143226. doi:10.1172/JCI143226
 Singh, A. K., Khare, P., Obaid, A., Conlon, K. P., Basrur, V., DePinho, R. A., et al. (2018). SUMOylation of ROR-γt inhibits IL-17 expression and inflammation via HDAC2. Nat. Commun. 9, 4515. doi:10.1038/s41467-018-06924-5
 Song, S., Ding, Y., Dai, G., Zhang, Y., Xu, M., Shen, J., et al. (2021). Sirtuin 3 deficiency exacerbates diabetic cardiomyopathy via necroptosis enhancement and NLRP3 activation. Acta Pharmacol. Sin. 42, 230–241. doi:10.1038/s41401-020-0490-7
 Song, S., Fu, Z., Guan, R., Zhao, J., Yang, P., Li, Y., et al. (2022). Intracellular hydroxyproline imprinting following resolution of bleomycin-induced pulmonary fibrosis. Eur. Respir. J. 59, 2100864. doi:10.1183/13993003.00864-2021
 Sosulski, M. L., Gongora, R., Feghali-Bostwick, C., Lasky, J. A., and Sanchez, C. G. (2017). Sirtuin 3 deregulation promotes pulmonary fibrosis. J. Gerontol. A Biol. Sci. Med. Sci. 72, 595–602. doi:10.1093/gerona/glw151
 Stout-Delgado, H. W., Cho, S. J., Chu, S. G., Mitzel, D. N., Villalba, J., El-Chemaly, S., et al. (2016). Age-dependent susceptibility to pulmonary fibrosis is associated with NLRP3 inflammasome activation. Am. J. Respir. Cell Mol. Biol. 55, 252–263. doi:10.1165/rcmb.2015-0222OC
 Sullivan, D. I., Jiang, M., Hinchie, A. M., Roth, M. G., Bahudhanapati, H., Nouraie, M., et al. (2021). Transcriptional and proteomic characterization of telomere-induced senescence in a human alveolar epithelial cell line. Front. Med. (Lausanne) 8, 600626. doi:10.3389/fmed.2021.600626
 Sun, M., Zhai, M., Zhang, N., Wang, R., Liang, H., Han, Q., et al. (2018). MicroRNA-148b-3p is involved in regulating hypoxia/reoxygenation-induced injury of cardiomyocytes in vitro through modulating SIRT7/p53 signaling. Chemico-Biological Interact. 296, 211–219. doi:10.1016/j.cbi.2018.10.003
 Sundaresan, N. R., Bindu, S., Pillai, V. B., Samant, S., Pan, Y., Huang, J.-Y., et al. (2015). SIRT3 blocks aging-associated tissue fibrosis in mice by deacetylating and activating glycogen synthase kinase 3β. Mol. Cell Biol. 36, 678–692. doi:10.1128/MCB.00586-15
 Swanson, K. V., Deng, M., and Ting, J. P.-Y. (2019). The NLRP3 inflammasome: molecular activation and regulation to therapeutics. Nat. Rev. Immunol. 19, 477–489. doi:10.1038/s41577-019-0165-0
 Tang, H., Wen, J., Wang, L., Yang, Q., Qin, T., Ren, Y., et al. (2025). Vagus nerve stimulation inhibits PANoptosis and promotes neurofunctional recovery of cerebral ischemic stroke in a Sirt1-dependent manner. Neurochem. Int. 184, 105950. doi:10.1016/j.neuint.2025.105950
 Tang, L., Zhang, D., Zhang, Y., Peng, Y., Li, M., Song, H., et al. (2023). Vitamin D3 alleviates lung fibrosis of type 2 diabetic rats via SIRT3 mediated suppression of pyroptosis. Apoptosis 28, 1618–1627. doi:10.1007/s10495-023-01878-6
 Tao, N., Li, K., Liu, J., Fan, G., and Sun, T. (2021). Liproxstatin-1 alleviates bleomycin-induced alveolar epithelial cells injury and mice pulmonary fibrosis via attenuating inflammation, reshaping redox equilibrium, and suppressing ROS/p53/α-SMA pathway. Biochem. Biophys. Res. Commun. 551, 133–139. doi:10.1016/j.bbrc.2021.02.127
 Tao, Z., Jin, Z., Wu, J., Cai, G., and Yu, X. (2023). Sirtuin family in autoimmune diseases. Front. Immunol. 14, 1186231. doi:10.3389/fimmu.2023.1186231
 Tian, G., and Zhang, C. (2024). Dynamic changes and clinical value of Sirt6 in acute coronary syndrome (ACS)patients. Cell Mol. Biol. (Noisy-le-grand) 70, 178–182. doi:10.14715/cmb/2024.70.2.26
 Tian, K., Chen, P., Liu, Z., Si, S., Zhang, Q., Mou, Y., et al. (2017). Sirtuin 6 inhibits epithelial to mesenchymal transition during idiopathic pulmonary fibrosis via inactivating TGF-β1/Smad3 signaling. Oncotarget 8, 61011–61024. doi:10.18632/oncotarget.17723
 Tian, Y., Li, H., Qiu, T., Dai, J., Zhang, Y., Chen, J., et al. (2019). Loss of PTEN induces lung fibrosis via alveolar epithelial cell senescence depending on NF-κB activation. Aging Cell 18, e12858. doi:10.1111/acel.12858
 Tong, Z., Wang, M., Wang, Y., Kim, D. D., Grenier, J. K., Cao, J., et al. (2017). SIRT7 is an RNA-activated protein lysine deacylase. ACS Chem. Biol. 12, 300–310. doi:10.1021/acschembio.6b00954
 Toussaint, O., Medrano, E. E., and von Zglinicki, T. (2000). Cellular and molecular mechanisms of stress-induced premature senescence (SIPS) of human diploid fibroblasts and melanocytes. Exp. Gerontol. 35, 927–945. doi:10.1016/s0531-5565(00)00180-7
 Traba, J., Kwarteng-Siaw, M., Okoli, T. C., Li, J., Huffstutler, R. D., Bray, A., et al. (2015). Fasting and refeeding differentially regulate NLRP3 inflammasome activation in human subjects. J. Clin. Investigation 125, 4592–4600. doi:10.1172/JCI83260
 Tsubouchi, K., Araya, J., Minagawa, S., Hara, H., Ichikawa, A., Saito, N., et al. (2017). Azithromycin attenuates myofibroblast differentiation and lung fibrosis development through proteasomal degradation of NOX4. Autophagy 13, 1420–1434. doi:10.1080/15548627.2017.1328348
 Tyagi, A., Nguyen, C. U., Chong, T., Michel, C. R., Fritz, K. S., Reisdorph, N., et al. (2018). SIRT3 deficiency-induced mitochondrial dysfunction and inflammasome formation in the brain. Sci. Rep. 8, 17547. doi:10.1038/s41598-018-35890-7
 Van Meter, M., Kashyap, M., Rezazadeh, S., Geneva, A. J., Morello, T. D., Seluanov, A., et al. (2014). SIRT6 represses LINE1 retrotransposons by ribosylating KAP1 but this repression fails with stress and age. Nat. Commun. 5, 5011. doi:10.1038/ncomms6011
 Vercammen, D., Beyaert, R., Denecker, G., Goossens, V., Van Loo, G., Declercq, W., et al. (1998). Inhibition of caspases increases the sensitivity of L929 cells to necrosis mediated by tumor necrosis factor. J. Exp. Med. 187, 1477–1485. doi:10.1084/jem.187.9.1477
 Wang, Q., Liu, J., Hu, Y., Pan, T., Xu, Y., Yu, J., et al. (2021a). Local administration of liposomal-based Srpx2 gene therapy reverses pulmonary fibrosis by blockading fibroblast-to-myofibroblast transition. Theranostics 11, 7110–7125. doi:10.7150/thno.61085
 Wang, W. W., Zeng, Y., Wu, B., Deiters, A., and Liu, W. R. (2016). A chemical biology approach to reveal sirt6-targeted histone H3 sites in nucleosomes. ACS Chem. Biol. 11, 1973–1981. doi:10.1021/acschembio.6b00243
 Wang, X., Wan, W., Lu, J., Zhang, Y., Quan, G., Pan, X., et al. (2022). Inhalable cryptotanshinone spray-dried swellable microparticles for pulmonary fibrosis therapy by regulating TGF-β1/Smad3, STAT3 and SIRT3 pathways. Eur. J. Pharm. Biopharm. 172, 177–192. doi:10.1016/j.ejpb.2022.02.012
 Wang, X.-Q., Chang, Y.-H., Wang, X.-C., Liu, R.-Q., Yang, S.-J., Hu, Z.-Y., et al. (2025). SIRT1 regulates fumonisin B1-induced LMH cell PANoptosis and antagonism of lycopene. J. Agric. Food Chem. 73, 4923–4935. doi:10.1021/acs.jafc.4c11658
 Wang, Y., Gao, J., Wu, F., Lai, C., Li, Y., Zhang, G., et al. (2021b). Biological and epigenetic alterations of mitochondria involved in cellular replicative and hydrogen peroxide-induced premature senescence of human embryonic lung fibroblasts. Ecotoxicol. Environ. Saf. 216, 112204. doi:10.1016/j.ecoenv.2021.112204
 Wasserfurth, P., Nebl, J., Rühling, M. R., Shammas, H., Bednarczyk, J., Koehler, K., et al. (2021). Impact of dietary modifications on plasma sirtuins 1, 3 and 5 in older overweight individuals undergoing 12-weeks of circuit training. Nutrients 13, 3824. doi:10.3390/nu13113824
 Wei, Y., You, Y., Zhang, J., Ban, J., Min, H., Li, C., et al. (2023). Crystalline silica-induced macrophage pyroptosis interacting with mitophagy contributes to pulmonary fibrosis via modulating mitochondria homeostasis. J. Hazard. Mater. 454, 131562. doi:10.1016/j.jhazmat.2023.131562
 Wilson, M. S., and Wynn, T. A. (2009). Pulmonary fibrosis: pathogenesis, etiology and regulation. Mucosal Immunol. 2, 103–121. doi:10.1038/mi.2008.85
 Wolters, P. J., Collard, H. R., and Jones, K. D. (2014). Pathogenesis of idiopathic pulmonary fibrosis. Annu. Rev. Pathol. 9, 157–179. doi:10.1146/annurev-pathol-012513-104706
 Wu, Q.-J., Zhang, T.-N., Chen, H.-H., Yu, X.-F., Lv, J.-L., Liu, Y.-Y., et al. (2022). The sirtuin family in health and disease. Signal Transduct. Target Ther. 7, 402. doi:10.1038/s41392-022-01257-8
 Wyman, A. E., Noor, Z., Fishelevich, R., Lockatell, V., Shah, N. G., Todd, N. W., et al. (2017). Sirtuin 7 is decreased in pulmonary fibrosis and regulates the fibrotic phenotype of lung fibroblasts. Am. J. Physiol. Lung Cell Mol. Physiol. 312, L945-L958–L958. doi:10.1152/ajplung.00473.2016
 Yan, P., Bai, L., Lu, W., Gao, Y., Bi, Y., and Lv, G. (2017). Regulation of autophagy by AMP-activated protein kinase/sirtuin 1 pathway reduces spinal cord neurons damage. Iran. J. Basic Med. Sci. 20, 1029–1036. doi:10.22038/IJBMS.2017.9272
 Yang, S., Xu, M., Meng, G., and Lu, Y. (2020). SIRT3 deficiency delays diabetic skin wound healing via oxidative stress and necroptosis enhancement. J. Cell. Mol. Medi 24, 4415–4427. doi:10.1111/jcmm.15100
 Zang, L., Chi, J., Bi, S., Tao, Y., Wang, R., and Li, L. (2023). SIRT3 improves alveolar epithelial cell damage caused by bronchopulmonary dysplasia through deacetylation of FOXO1. Allergol. Immunopathol. Madr. 51, 191–204. doi:10.15586/aei.v51i2.710
 Zhang, C., Li, Y., Liu, B., Ning, C., Li, Y., Wang, Y., et al. (2022). Discovery of SIRT7 inhibitor as new therapeutic options against liver cancer. Front. Cell Dev. Biol. 9, 813233. doi:10.3389/fcell.2021.813233
 Zhang, H.-X., Li, Y.-N., Wang, X.-L., Ye, C.-L., Zhu, X.-Y., Li, H.-P., et al. (2019a). Probucol ameliorates EMT and lung fibrosis through restoration of SIRT3 expression. Pulm. Pharmacol. Ther. 57, 101803. doi:10.1016/j.pupt.2019.101803
 Zhang, J., Xiang, H., Liu, J., Chen, Y., He, R.-R., and Liu, B. (2020). Mitochondrial Sirtuin 3: new emerging biological function and therapeutic target. Theranostics 10, 8315–8342. doi:10.7150/thno.45922
 Zhang, P.-Y., Li, G., Deng, Z.-J., Liu, L.-Y., Chen, L., Tang, J.-Z., et al. (2016). Dicer interacts with SIRT7 and regulates H3K18 deacetylation in response to DNA damaging agents. Nucleic Acids Res. 44, 3629–3642. doi:10.1093/nar/gkv1504
 Zhang, Q., Tu, W., Tian, K., Han, L., Wang, Q., Chen, P., et al. (2019b). Sirtuin 6 inhibits myofibroblast differentiation via inactivating transforming growth factor-β1/Smad2 and nuclear factor-κB signaling pathways in human fetal lung fibroblasts. J. Cell Biochem. 120, 93–104. doi:10.1002/jcb.27128
 Zhang, Z.-Z., Cheng, Y.-W., Jin, H.-Y., Chang, Q., Shang, Q.-H., Xu, Y.-L., et al. (2017). The sirtuin 6 prevents angiotensin II-mediated myocardial fibrosis and injury by targeting AMPK-ACE2 signaling. Oncotarget 8, 72302–72314. doi:10.18632/oncotarget.20305
 Zheng, K., Sha, N., Hou, G., Leng, Z., Zhao, Q., Zhang, L., et al. (2023). IGF1R-phosphorylated PYCR1 facilitates ELK4 transcriptional activity and sustains tumor growth under hypoxia. Nat. Commun. 14, 6117. doi:10.1038/s41467-023-41658-z
 Zhou, Q., Yi, G., Chang, M., Li, N., Bai, Y., Li, H., et al. (2024). Activation of Sirtuin3 by honokiol ameliorates alveolar epithelial cell senescence in experimental silicosis via the cGAS-STING pathway. Redox Biol. 74, 103224. doi:10.1016/j.redox.2024.103224
 Zhou, X., Chen, M., Zeng, X., Yang, J., Deng, H., Yi, L., et al. (2014). Resveratrol regulates mitochondrial reactive oxygen species homeostasis through Sirt3 signaling pathway in human vascular endothelial cells. Cell Death Dis. 5, e1576. doi:10.1038/cddis.2014.530
 Zhu, P., Ke, Z.-R., Chen, J.-X., Li, S.-J., Ma, T.-L., and Fan, X.-L. (2023). Advances in mechanism and regulation of PANoptosis: prospects in disease treatment. Front. Immunol. 14, 1120034. doi:10.3389/fimmu.2023.1120034
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Huang, Qin, Qin, Tao and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fcell-13-1557384-t003.jpg
ID Moleculai

NCT06617988 SIRT3 2024
ChiCTR2300074357 SIRT3 2024
NCT05249309 SIRT3 2021
CTRI/2021/05/033,485 SIRT3 2021
ChiCTR2000033555 SIRT3 2020
ITMCTR1900002787 SIRT3 2019
ChiCTR1800016122 SIRT3 2018
ChiCTR-COC-15007025 SIRT3 2015
NCT05808387 SIRT3 2023
NCT02812238 SIRT3 2019
ChiCTR1900027798 SIRT3 2019
NCT06337227 SIRTG 2024
NCT05417061 SIRTG 2023
NCT01508091 SIRTG 2012
NCT02011906 SIRT3, 6 2013
JPRN-jRCT1012240016 SIRTG 2024
JPRN-UMIN000049014 SIRTG 2022
ChiCTR2000039808 SIRTG 2020
IRCT20180912041018N2 SIRTG 2019
NCT01567176 SIRTG 2012
NCT04303208 SIRT7, 3 2022
ChiCTR1800017278 SIRT7 2018
ChiCTR1800017244 SIRT7 2018
Wasserfurth et al. (2021) SIRT3 2021
Ohetal. (2024) Sirtuins 2024
Cho etal. (2022) SIRT3 2022
Barikowski etal. (2022) SIRT3 2022
Traba et al. (2015) SIRT3 2015
Lilja etal. (2021) SIRT3 2021
Liuetal. (2014) SIRT3 2014
Hooshmand-Moghadam et al. (2020) SIRT3, 6 2020
Nikooyeh etal. (2021) SIRTG 2021
Daveson et al. (2025) SIRTG 2025
Tian and Zhang (2024) SIRTG 2024
Gonzdlez-Fernandez et al. (2019) SIRT3,6,7 2019
Rigdon et al. (2025) SIRTG 2025






OPS/images/fcell-13-1557384-t001.jpg
Phenotype Molecular = Target Experimental model = Reference

SIRT3 FOXO1 A549 cells Zanget al. (2023)
Inflammation SIRT6 P65 Primary human keratinocytes | (Kawahara et al.,, 2009, p. 9)
SIRT3 NLRP3, caspase-1 | Mouse macrophages Tyagi etal. (2018) and Kurundkar et al. (2019)
Inflammation, ferroptosis, cellular senescence | SIRT3 P53 ATII cells Lietal. (2023)
SIRT3 FOXO3a IMR-90 cells Rehan etal. (2021)
SIRT3 GSK3p Primary fibroblasts Sundaresan et al. (2015)
EMT SIRT3 Smad3 Human lung fibroblasts Sosulski et al. (2017)
SIRT3 0GG1 IMR-90 cells Bindu etal. (2017)
SIRT6 Smad2, P65 Human fetal lung fibroblasts | Zhang et al. (2019b)
SIRT6 Smad2 BEAS-2B cells Chen etal. (20192)
EMT SIRT6 Smad3 A549 cells Tian et al. (2017)
SIRT3 HIF-la Mice Zhang et al. (2019a)
SIRT3 SOD2, IDH2 human lung fibroblasts Sosulski et al. (2017)
SIRT6 Nrf2 Hoc2 Kanwal etal. (2019)
SIRT3 MnSOD A549 cells Guo et al. (2017) and Jablonski et al. (2017)
Oxidative stress
SIRT3 PGCl-a Mouse lung fibroblasts He et al. (2024a)
SIRT3 FOXO1 A549 cells Zangetal. (2023)
SIRT3 0GG1 Cardiac myocytes Pillai et al. (2016)
SIRT3 PGCl-a Mouse lung fibroblasts He et al. (2024a)
Cellular senescence SIRT3 SOD2, 0GG1 A549 cells Zhou et al. (2024)
SIRT6 P21 HBE cells
lipid metabolism SIRT6 PPARa A549 cells He etal. (2024b)
Glutamine metabolism SIRT7 FOXO4 AKR-2B cell (Choudhury et al., 2020, p. 1)






OPS/images/fcell-13-1557384-t002.jpg
Compound
Cryptotanshinone

Resveratrol

Scutellarin

Mangiferin

Probucol

VD3
Hirudin

Honokiol

SIRT3

SIRT3, AMPK, FOX03

SIRT3

SIRT3

PGCl-a, SIRT3

SIRT3

Action Pat|

Regulation of TGF-B1/Smad3, STAT3 and SIRT3 pathways

Promoting SIRT3 expression and ameliorating TGF-p1-induced changes in SOD2 and IDH2
acetylation

Restoration of SIRT3 expression, thereby inhibiting the TGF-B1/Smad pathway

Directly enhanced AMPK activity and upregulated FoxO3 phosphorylation and SIRT3
expression level

Restoration of SIRT3 expression, reduction of its HIF-1a activation and TGF-B1 release to
improve EMT

Increased SIRT3 expression to inhibit cellular pyroptosis
Activation of the PGC1-alpha/Sirt3 pathway inhibits fibroblast senescence

Regulates cGAS/STING, NF-kB signaling pathways and effectively attenuates senescence and
mtDNA damage in ATII cells

Reference
‘Wang et al. (2022)

Sosulski et al. (2017)

Ji-Hong et al. (2023)

Fuetal. (2024)

Zhang etal. (20192)

(Tang etal,, 2023, p. 2)
Heetal. (2024a)

Zhou etal. (2024)






OPS/xhtml/nav.xhtml
Contents

		Cover

		SIRT3/6/7: promising therapeutic targets for pulmonary fibrosis		1 Pulmonary fibrosis

		2 Sirtuins family

		3 Molecular mechanism of sirtuins 3/6/7 regulating pulmonary fibrosis		3.1 Inflammation

		3.2 Fibroblast-to-myofibroblast transition

		3.3 Epithelial-to-mesenchymal transition

		3.4 Oxidative stress

		3.5 Cellular senescence and energy metabolism

		3.6 Cell death





		4 Targeting Sirt3/6/7 in therapeutic strategies for pulmonary fibrosis

		5 Clinical evidence and challenges

		6 Conclusion and outlook

		Author contributions

		Funding

		Acknowledgments

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Cell and Developmental Biology






OPS/images/fcell-13-1557384-g001.gif





OPS/images/fcell-13-1557384-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Cell and Developmental Biology





