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Depression is a psychiatric disorder that has a significant health burden on patients and their families.
Unfortunately, the current antidepressant medications that mainly target monoamine neurotransmitters have limited
efficacy. Recent evidence has indicated that neuroinflammation participates in the genesis and development of
depression, and interacts with other factors involved in depression. Therefore, exploring effective anti-inflammatory
medications could be beneficial for the development of new treatment options for depression. Sirtuins are a unique
class of nicotinamide adenine dinucleotide (NAD*)-dependent deacetylases, which have seven members that can

affect multiple downstream targets by deacetylation activity.

depression inflammation SIRT1 SIRT2 clinical study polymorphism

| 1. Background

Depression is one of the leading causes of disability (1. According to the data published by the World Health
Organisation, over 264 million people of all ages suffer from depression, and approximately 800,000 people die
from suicide every year 2. The main theories of the underlying pathophysiology of depression include deficiency of
monoamine neurotransmitters such as serotonin, noradrenaline and dopamine in the central nervous system,
dysregulation of the hypothalamic—pituitary—adrenal (HPA) axis, and reduction in brain-derived neurotrophic factor
(BDNF). However, there is strong evidence suggesting an intimate linkage between chronic neuroinflammation and
the development of depression and associated somatic manifestations, such as disturbed sleep and a loss of
appetite BB, There are no apparent infectious insults in the initiation of depression, but depressed patients
without physical diseases do show an increased level of inflammatory markers 8. TNF-q, IL-6 and C-reactive
protein are all higher than normal in major depressive disorders 7. Excessive inflammatory cytokines can influence
other mechanisms of depression by decreasing the production of serotonin and BDNF, fueling glutamate
excitotoxicity and disrupting the HPA axis and hormone balance B, However, there are no medication options that

target the inflammatory process applied in the clinical treatment of depression.

1.1. Current Medication Treatments for Depression and Their Limitations

Current commercially available antidepressants are designed to increase levels of monoamine neurotransmitters
via different mechanisms . First-generation antidepressants, including tricyclic antidepressants (TCAs) and
monoamine oxidase inhibitors (MAOIs), are frequently accompanied by undesirable side-effects and toxic effects in

overdose, limiting their application 2. Newer-generation antidepressants, including the selective serotonin reuptake
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inhibitors (SSRIs), are more selective and offer improved safety and tolerability. However, their therapeutic efficacy

is still limited and can be delayed in depression patients without lower levels of neurotransmitters £,

The National Institute of Mental Health (NIMH)-funded sequenced treatment alternatives to relieve depression
(STAR*D) study was conducted to assess the effectiveness of various antidepressants for people with major
depression who had not responded to initial treatment with a current antidepressant (29, The overall remission
rates for the present medication options, including citalopram, bupropion, venlafaxine, sertraline and mirtazapine,
were less than 30% [LUL2JISI4IIS|AGIITI18] |n addition, even after four sequential pharmacotherapies, 19% of

patients still had disease that was resistant to treatment 1,

1.2. SIRT1 and SIRT2’s Role in Inflammation

The sirtuin family is a unique class of nicotinamide adenine dinucleotide (NAD")-dependent deacetylases. There
are seven enzyme members that differ in their subcellular localization, enzymatic activities, physiological functions
and pathological roles. Sirtuins accomplish their primary enzymatic activities through NAD*-nicotinamide exchange
reaction, in which lysines on histones are catalyzed through deacetylation 2924 Two important members, SIRT1
and SIRT2, have been found to participate in the pathophysiology of depression. SIRT1 has several potential roles
in depression through effects on inflammation, neurogenesis, circadian rhythm and other stress-related
extracellular signal-regulated kinase pathways [22. Importantly, inflammation appears to be either a vital mediator
or an important downstream effect of these various contributory factors [23l. Furthermore, SIRT1 has been
considered to suppress inflammatory gene expression via the deacetylation in post-translational modification and
associated transcription factors such as nuclear histone, NF-kB, activator protein-1, tumor suppressor p53 and
peroxisome proliferator-activated receptor-y (PPARYy) [24l. SIRT1 activation can also exert protection in neurons by
improving mitochondrial biogenesis and antagonizing apoptosis via multiple mechanisms, which might augment
SIRT1’s potential anti-inflammatory effects [22l. Current evidence suggests that SIRT2 exerts the opposite effect to
SIRT1 in neurological studies 28], SIRT2 also has been reported to be involved in inflammation-related conditions,
such as sepsis, brain injury and insulin resistance 221281291 However, whether the role of SIRT2 in inflammation is

related to suppression or protection remains controversial.

SIRT1 and SIRT2 modulators have been studied in numerous conditions including cancer, diabetes, cardiovascular
and neurodegenerative diseases, and have been found to have a positive effect on cell survival and longevity 29
[BL32](33]  Although very limited data can be obtained from existing clinical trials of SIRT modulators in depression,
some evidence supporting the anti-inflammatory effects of the SIRT1 activators can be found in clinical trials of
other inflammation-associated conditions. SRT2104 is a selective SIRT1 activator assessed in multiple trials. A
randomized, double-blind, placebo-controlled study in healthy subjects (n = 24) was conducted to assess the anti-
inflammatory effect of SRT2104 pretreatment against acute stimulation by LPS intravenous injection 4. The
results showed that there was a reduction in IL-6 and IL-8 and the plasma level of C reactive protein by SRT2104
oral administration with single (2 g) or multiple doses (2 g/d for 7 days) 24, However, the levels of TNF-a and IL-10
were not significantly altered by SRT2104, and IL-1B was not detectable in LPS-induced subjects 4. Meanwhile,

leucocyte counts and gene expression remained unaltered with pre-treatment of SRT2104, which indicates that
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SRT2104 did not affect the activities of intravascular leukocytes 4 h after LPS stimulation and extravascular
mechanisms may be involved [34] |n a randomized, double-blind, placebo-controlled, phase lla clinical trial of
psoriasis (n = 40), subjects were administered SRT2104 capsules with doses of 250, 500 or 1000 mg/day for
eighty-four days 2. The outcome of skin biopsies showed that SRT2104 significantly reduced the epidermal
thickness to a normal level, normalized keratinocyte differentiation and suppressed the expression of keratinocyte
hyperproliferation gene marker 2. Furthermore, the expression of inflammatory cytokine (TNF-a and IL-17)-
responsive genes, including serine protease inhibitors and L-kynureninase (KYNU), was also shown to be reduced
by SRT2104 treatment 23],

2. Association of SIRT1, SIRT2 Polymorphisms and
Depression

The etiology of depression has been extensively studied in relation to pathophysiologic activities, such as a
deficiency of monoamine neurotransmitters, HPA axis dysregulation and inflammation, but genetic influences also
need to be considered B8E7, For instance, polymorphisms in key genes encoding serotonin transporters, hormone
receptors, neurotrophin protein and cytokines lead to alterations in transcription and, subsequently, a lower or

higher expression of these functional proteins 7.

Furthermore, polymorphisms or genetic variation in SIRT1 and SIRT2 in the normal and depression populations
have also been studied to investigate the genetic association of SIRT1 and SIRT2 and the susceptibility, onset and
course of depression. A genome-wide association study (GWAS) with more than 9000 cases conducted on
Chinese women with major depressive disorder (MDD) identified that single-nucleotide polymorphism (SNP)
rs12415800, a gene locus near SIRT1 on chromosome 10, might contribute to the risk of MDD [28l. Another GWAS
study carried on the Chinese Han population has investigated the subsequent effect of the risk allele rs12415800
39 |t has been found that rs12415800 is associated with the reduction in cerebellar grey matter volume and lower
SIRT1 mRNA expression in amygdala tissue, contributing to the abnormal emotion processing in MDD B9, This
SNP, along with rs4746720, which is located in the 3'-untranslated region of SIRT1, were both found to have a
significant association with suicide in Japanese women (778 suicide completers and 760 controls) 49, This study
also examined the SIRT1 mRNA expression only in the dorsolateral prefrontal cortex and found no association
between the expression and suicide 49, Besides, a case-control study of SIRT1 SNPs and major depressive
disorder patients (455 MDD patients and 766 controls) in the Japanese population also suggested a significant
association between SIRT1 rs10997875 polymorphism and depression 41, SIRT2 gene rs10410544 polymorphism
has also been reported to associate with depressive symptomatology in Alzheimer’s disease in two independent
European populations “2, |t was also indicated that the SIRT2 T/T genotype might exert protection against
depression 2. Another case study of SIRT polymorphisms and postpartum depressive symptoms (PDSs)
identified significant correlations between SIRT2 SNPs at rs2873703 (T/T) and rs4801933 (T/T) and the
occurrence of PDSs 43, Nonetheless, more studies are needed to verify the effects of these SNPs on the
expression and biological function of SIRT1 and SIRT2. A summary of these polymorphism studies is shown in
Table 1.
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Table 1. A summary of single-nucleotide polymorphism (SNP) studies of SIRT1 and SIRT2 in the depression

population.
Single-
nucleotide ) Subject
) Population Study Type Impact
polymorphism Number
(SNP)
Chinese women ]
) ) Genome-wide ]
rs1245800 with major o SNP rs1245800 contributes to the
] association study 9000 )
(SIRT1) depressive risk of MDD. (38l
] (GWAS)
disorder (MDD)
_ SNP rs1245800 contributes to
Chinese Han )
rs1245800 ) GWAS 4855 reduced SIRT1 expression and
population
cerebellar grey matter volume. (22
SNP rs1245800 and rs4746720
rs1245800 and associate with suicide. No
Japanese o _ _
rs4746720 GWAS 1538 association with SIRT1 expression
women
(SIRT1) in the dorsolateral prefrontal
cortex. 49
rs10997875 Japanese SNP rs10997875 associates with
) Case-control study 1221
(SIRT1) population MDD. [41]
Alzheimer’s
disease (AD T/T SNP genotype might exert
rs10410544 _ ( ) . J -yp J _
(SIRT2) patients in Case-control study 1172 protection against depressive
European symptoms in AD. 2]
populations
rs2873703, Chinese women  Case-control study 368 T/T genotype SNPs are correlated
rs4801933 undergoing with the onset of postpartum
(SIRT2) caesarean depressive symptoms. [43]
section
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3. SIRT1 and SIRT2 Modulators in In Vitro Studies of
Inflammation

While the direct relationship between inflammatory mediators and the pathology of depression has not been fully
elucidated, the evidence of the elevation of cytokines in depression provided by clinical studies is considerable “4],
However, high variations were found in the serum level of the inflammatory mediators in depression patients [44],
Thus, it is not feasible to clearly define the characteristics that an in vitro model should have to accurately
represent the inflammatory components of depression. Hence, the evidence of the anti-inflammatory effects of

SIRT1 and SIRT2 modulators can be found in studies applying different neurological in vitro models.

For SIRT1 activators, resveratrol has been proven to have anti-inflammatory effects in multiple neurological
disease models including LPS-induced microglia and neurotoxin-induced models of Parkinson’s or Alzheimer’s
disease 43, SRT2104 is a well-tolerated SIRT1 activator, which has already been assessed in clinical trials 48, Its
anti-inflammatory effects have been tested in psoriasis clinical trials and studies of LPS-injected healthy human
subjects, as discussed above. However, there have been no reported in vitro studies investigating SRT2104’s
effects on neuroinflammation to date. Regarding SIRT2 inhibitors, SIRT2 is often reported to exert the opposing
effect to SIRT1 in neurodegeneration studies (471 However, based on available in vitro studies of inflammation,
different reports using various in vitro models and stimuli have reported contradictory findings, suggesting that the
effect of SIRT2 modulators needs to be interpreted based on the biochemical conditions of different models. For
example, an in vitro study of brain injury showed that the SIRT2 inhibitor AK-7 can increase the expression of pro-
inflammatory cytokines in primary microglia after stretch-induced injury 8 and a similar pro-inflammatory effect of
AK7 was reported in a cell culture system that investigated spinal cord injury #2. However, in a study of allergic
asthmatic inflammation, SIRT2 inhibitor AGK2 diminished inflammatory manifestations, including the activation of
lung macrophages and expression of chemokine CCL17 B9, Sirtinol, as a dual inhibitor of SIRT1 and SIRT2, was

also shown to reduce inflammation in primary dermal microvascular endothelial cells B,
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