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11
Sirtuins in inflammation and 
autoimmunity 

Mirunalini Gobinath1, Parikshit Roychowdhury2, Sagarika Mukherjee1,  
Mohd Aftab Siddiqui3

1DEPARTMENT OF PHARMACOGNOSY AND PHYTOPHARMACY, JSS COLLEGE OF PHARMACY, JSS ACADEMY 
OF HIGHER EDUCATION AND RESEARCH, OOTY, TAMIL NADU, INDIA 2DEPARTMENT OF PHARMACEUTICS, 

JSS COLLEGE OF PHARMACY, JSS ACADEMY OF HIGHER EDUCATION AND RESEARCH, OOTY, TAMIL NADU, 
INDIA 3FACULTY OF PHARMACY, INTEGRAL UNIVERSITY, LUCKNOW, UTTAR PRADESH, INDIA

11.1 Introduction
Sirtuins are nicotinamide adenine dinucleotide (NAD+)-dependent enzyme that plays a key 
role in various biological and metabolic processes. They also act as energy sensors, correlate 
with NAD+ cofactor, and perform crucial activities in intracellular energetics (Finkel et al., 
2009). In earlier research, scientists have highlighted that sirtuins have a crucial role in 
lifespan regulation (especially in lower organisms), caloric restriction, and act as broad 
regulators of cellular physiology and longevity. In addition, sirtuins have major functions in 
higher organisms, especially mammals, which regulate cellular stress resistance, energy 
metabolism, genomic stability, epigenetics, cancer biology, and many more. This has 
motivated researchers in recent decades to discover the role of sirtuins in several diseases 
and health (Wu et al., 2022).

Sirtuins are also classified as histone deacetylases (HDACs) class III and require NAD+ as a 
cosubstrate for their catalytic mechanism, while HDACs remove acetyl groups on histone and 
nonhistone proteins of lysine residues (Jin et al., 2024). This encompasses activities such as 
DNA damage repair, mitochondrial homeostasis, several types of apoptosis mechanisms, 
autophagy, and inflammatory and immune pathways. This is the reason why it connects with 
the pathogenesis of various age-related chronic inflammatory disorders (Wątroba et al., 2017). 
Formerly, sirtuins were classified as silent information regulator 2 (Sir2) proteins, which were 
discovered in yeast species (Saccharomyces cerevisiae) as a gene silencing factor that increases 
longevity. Later, it was discovered in Drosophila melanogaster and Caenorhabditis elegans. 
Sir2 depends mainly on NAD+ and acts on histones as a deacetylase, with the enzyme mono- 
ADP-ribosyltransferase. Later, the role of NAD-dependent deacetylation in calorie restriction/ 
starvation and ageing was associated with several species, which highlighted many 
researchers to correlate the role of sirtuins in cellular senescence and age-related disorders 
(Sebastián, Satterstrom, et al., 2012).
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The sirtuin family consists of seven homolog members, from SIRT1 to SIRT7, which are 
present in subcellular localization in mammalian cells and allow them to regulate cellular 
metabolic processes (Table 11–1). Some are distributed in both cytoplasmic and nuclear 
localizations; for example, SIRT1 plays a role in autophagy, apoptosis, oncogenesis, and 
differentiation of cells. SIRT2 is located to a large extent in the cytoplasm, where it functions 
in α-tubulin deacetylation, and also translocates between the cytoplasm and the nucleus to 
assist as a checkpoint protein in mitosis (North et al., 2003). When all SIRT family members 
have deacetylase activity, some of them, like SIRT 4 and 6, have mono-ADP-ribosyltransferase 
activity. SIRT 3–5 are distributed in mitochondria and have different enzymatic activities like 
NAD-dependent desuccinylase, demalonylase, and weak deacetylase action, whereas SIRT 6 
is in the nucleus, which is a chromatin-associated nuclear protein with poor deacetylase 
activity, and SIRT 7 in the nucleolus with deacetylase action (Grootaert & Bennett, 2022).

Structurally, sirtuins are distinguished from other zinc-dependent classical HDACs, such 
as classes I, II, and IV. The uniqueness of sirtuins is that they depend on the stoichiometric 
cosubstrate, NAD+, for deacetylase activities, whereas traditional HDACs are dependent on 
zinc ion-water catalytic mechanisms. Subsequently, the dependency on NAD+ in sirtuins has 
established a direct link between cellular energy metabolism, bioenergetics, and epigenetics. 
This is due to the role of NAD+ as a cofactor in various biochemical processes (glycolysis, 
oxidative phosphorylation, TCA cycle) and redox reactions (Katsyuba et al., 2020). In the 
perspective of chemical biology, apart from deacetylase properties, sirtuins also perform 
deacylase activity, which modifies acyl groups, enabling them to regulate posttranslational 
modifications. In addition to catalytic regions, which are a conserved core region, C and N 
terminal regions are located in sirtuins, which differ in chemical composition, length, and 
sensitivity to posttranslational modifications, and change the binding site in some sirtuin 
families (B. Chen et al., 2015).

Autoimmune disorders are a group of conditions that generate autoantibodies and attack 
specific cells or tissues, mistaking them as a foreign substance. The link between inflamma
tion and autoimmunity also connects with sirtuins, as they play a major role in innate and 
adaptive immune responses. Thus this chapter comprehensively explains the role of sirtuins 
in inflammatory signaling pathways, autoimmune responses, and various aspects of 
immunology and sirtuin biology. Thus understanding more about sirtuins at the cellular 
and molecular levels could assist in correlating with health and disease pathology.

11.1.1 Cellular and molecular biology of sirtuins in inflammation and 
autoimmunity

Inflammation is a foundational biological response to stimuli such as cellular injury, tissue 
damage, or invasion of pathogens. These events cause recruitment of immune cells like 
inflammatory mediators, cytokines, interleukins, neutrophils, macrophages, etc., and initiate 
tissue repair mechanisms. Inflammation occurs in two phases, that is, acute and chronic; 
however, improper regulation of these inflammatory pathways could lead to chronic 
inflammation and persistent illness. The link between sirtuins and inflammation is crucial 
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