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Abstract. Non‑small cell lung cancer (NSCLC) is one of the 
most devastating cancer types, accounting for >80% of lung 
cancer cases. The median relative survival time of patients with 
NSCLC is <1 year. Lysine acetylation is a major post‑trans‑
lational modification that is required for various biological 
processes, and abnormal protein acetylation is associated with 
various diseases, including NSCLC. Protein deacetylases are 
currently considered cancer permissive partly due to malig‑
nant cells being sensitive to deacetylase inhibition. Sirtuin 2 
(SIRT2), a primarily cytosolic nicotinamide adenine dinucle‑
otide‑dependent class III protein deacetylase, has been shown 
to catalyze the removal of acetyl groups from a wide range of 
proteins, including tubulin, ribonucleotide reductase regula‑
tory subunit M2 and glucose‑6‑phosphate dehydrogenase. In 
addition, SIRT2 is also known to possess lysine fatty deacyla‑
tion activity. Physiologically, SIRT2 serves as a regulator of 
the cell cycle and of cellular metabolism. It has been shown to 
play important roles in proliferation, migration and invasion 
during carcinogenesis. It is notable that both oncogenic and 
tumor suppressive functions of SIRT2 have been described in 
NSCLC and other cancer types, suggesting a context‑specific 
role of SIRT2 in cancer progression. In addition, inhibition of 
SIRT2 exhibits a broad anticancer effect, indicating its poten‑
tial as a therapeutic for NSCLC tumors with high expression 
of SIRT2. However, due to the diverse molecular and genetic 

characteristics of NSCLC, the context‑specific function of 
SIRT2 remains to be determined. The current review investi‑
gated the functions of SIRT2 during NSCLC progression with 
regard to its regulation of metabolism, stem cell‑like features 
and autophagy.
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1. Introduction

The Sirtuin 2 (SIRT2) gene was initially identified as ribonu‑
clease mar1, which acted by preventing the expression of mating 
genes in yeast (1). The yeast silent information regulator 2 
(SIR2) was shown to be involved in transcriptional silencing, 
ribosomal DNA recombination, life span and other physiolog‑
ical functions (2‑4). It was initially hypothesized that SIR2 
possessed an adenosine diphosphate (ADP)‑ribosyltransferase 
activity that could transfer ADP‑ribose from nicotinamide 
adenine dinucleotide (NAD) to histones (5). This activity was 
subsequently shown to be a low efficiency side reaction (6). It 
is well accepted that SIR2 is a NAD‑dependent lysine deacety‑
lase. The SIRT enzymes are highly conserved from bacteria to 
humans. Bacteria and archaea only express one or two SIRT, 
while mammals have seven SIRT homologs (SIRT1‑7) (7,8). 
The seven mammalian SIRT have different subcellular local‑
ization patterns, including cytoplasmic (SIRT1 and 2), nuclear 
(SIRT1, 2, 3, 6 and 7) and mitochondrial (SIRT3, 4 and 5). 
Among them, SIRT1‑3 belong to class I SIRTs and have higher 
homology to the yeast silent information regulator 2 (Sir2), 
histone deacetylase (Hst)1 and Hst2. All these enzymes exhibit 
potent deacetylase activity (7).

 SIRT2 is a member of the SIRT family and is also known as 
SIR2, SIRT type 2 or Sir2‑related protein type 2; it belongs to 
the classic type III deacetylases and acts in a NAD+ dependent 
manner (9). SIRT2 is unique amongst SIRTs as it is the only 
primary cytoplasmic enzyme with robust deacetylase activity. 
Recently, SIRT2 has been shown to catalyze the removal of 
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lysine fatty acylation, including hexanoylation, decanoylation 
and myristoylation (10). The newly characterized de‑acylation 
activities of SIRT2 have improved the current knowledge on 
the function of this enzyme and have provided novel oppor‑
tunities to study the physiological and pathological role of 
SIRT2.

2. SIRT2 gene and protein

The human SIRT2 gene is located on chromosome 19 with 
16 exons spanning 21 kilobases of the genomic DNA. The 
SIRT2 transcript undergoes alternative splicing and produces 
three isoforms with different cellular and tissue distributions, 
and different functions  (11,12). The full‑length isoform 1 
is abundant in the skeletal muscle, while isoform 2, which 
lacks the N‑terminal 37 residue, accumulates in the brain. 
Both isoforms 1 and 2 are enzymatically active and are able 
to shuttle between the nucleus and the cytoplasm. In contrast 
to these findings, isoform 5 lacks a nuclear export signal that 
contains the entire nuclear export signal (NES) and a short 
fragment of the catalytic domain, resulting in the nuclear 
enrichment and loss of catalytic activity (12).

X‑ray crystallographic studies have revealed that the 
human SIRT family enzymes contain two major functional 
domains: A small domain that binds to zinc ions and a large 
domain that is responsible for NAD+ binding. A conserved 
large substrate binding groove is also presented at the interface 
of the two domains (13). The longest SIRT2 isoform contains 
389 amino acids, of which the 65‑340 amino acid sequence is 
the NAD‑dependent catalytic domain (14). The 41‑51 amino 
acid sequence at the N‑terminal of SIRT2 is a NES, which 
is responsible for guiding the cytoplasmic localization of the 
protein (15). The detailed schematic diagram of each domain 
of the SIRTs family is shown in Fig. 1. Despite their conserved 
structural features, human SIRTs diverge significantly in 
their subcellular distribution, substrate targets and enzymatic 
activity characteristics. For example, the lipoamidase activity 
of SIRT4 is superior to its deacetylase activity (16). SIRT6 
exhibits preferential activity for the removal of long chain fatty 
acyls (10). SIRT7 employs nuclear acid oligos (double‑stranded 
DNA, ribosomal RNA and transfer RNA) as co‑factors for 
catalysis  (17). SIRT1, SIRT2 and SIRT3 possess a robust 
deacetylase activity.

3. SIRT2 biological functions

Although SIRT2 is predominantly cytoplasmic, it shuttles into 
the nucleus under certain circumstances, such as mitosis or 
bacterial infection (18). SIRT2 predominantly regulates cellular 
processes through its enzymatic activity  (18‑23). Previous 
studies indicated a conserved role of SIR2 in extending the 
lifespan of yeast, flies and worms in a deacetylase‑dependent 
manner  (24‑26). In mammals, the significant longevity 
gene BUB1 mitotic checkpoint serine/threonine kinase B 
(BubR1) was shown to be deacetylated by SIRT2. The latter 
deacetylates BubR1 at the K668 site, thereby stabilizing the 
BubR1 protein. As a consequence, the lifespan of progeroid 
hypomorphic BubR1 mice was largely increased by SIRT2 
overexpression (27). In general, the anti‑aging effect of SIRT2 
seems to be conservative from yeast to mammals.

Mammalian SIRT2 has been shown to restrain cell cycle 
progression in a deacetylase activity‑dependent manner (28). 
SIRT2 is associated with chromatin during mitosis and 
facilitates chromatin condensation by deacetylating Histone 
H4 lysine (H4K) 16 (29). The deacetylation of H4K16 is in 
turn essential for the mitotic deposition of H4K20 methyla‑
tion (30). The upregulation of the level of mitotic regulators 
in SIRT2‑knockout mice confirmed the cell cycle regulatory 
function of SIRT2 (31). It was proposed that SIRT2 regulates 
mitosis by deacetylating cadherin‑1 and cell division cycle 
protein 20 homolog, which are two adenomatous polyposis 
coli/C coactivators (31). In addition to its action as a mitotic 
regulator, SIRT2 also deacetylates ribonucleotide reductase 
regulatory subunit M2 at the K95 site during the S phase of the 
cell cycle. This deacetylation increases the dNTP pool size and 
accelerates DNA replication fork progression by enhancing 
ribonucleotide reductase activity, which ultimately results in 
an increased cancer cell proliferative rate (32).

A number of previous studies have shown that SIRT2 
also plays a role in regulating cell metabolism (33,34). SIRT2 
can promote the metastasis of gastric cancer through the 
RAS/ERK/JNK/matrix metalloproteinase‑9 pathway by 
increasing phosphoenolpyruvate carboxykinase 1‑associ‑
ated metabolism (35). SIRT2 promotes glycolysis and tumor 
growth by deacetylating the K305 site of pyruvate kinase M2, 
a hallmark enzyme that bridges metabolism and immu‑
nity (36). A comprehensive understanding of the function and 
mechanism of SIRT2 in the progression of various cancer 
types is imminent. Clinical data and mechanisms of action for 
SIRT2 in cancer are shown in Table I. Glucose‑6‑phosphate 
dehydrogenase (G6PD) is a key enzyme that is involved 
in the pentose phosphate pathway and is responsible for 
producing NADPH. Deacetylation of the residue K403 of 
G6PD by SIRT2 increases its activity and enhances NADPH 
production (37). It is important to note that SIRT2 can inhibit 
glycolysis and metabolic reprogramming of induced pluripo‑
tent stem cells (iPSCs) by deacetylating the following four 
key glycolytic enzymes: Aldolase, phosphoglycerate kinase 1, 
enolase and GAPDH (19). A recent study demonstrated that 
SIRT2 is a master organizer of T‑cell metabolism, since it 
inhibits T‑cell glycolysis and impairs T‑cell effector functions 
by deacetylating a number of metabolic enzymes, such as 
phosphofructokinase, α‑ketoglutarate dehydrogenase, succi‑
nate dehydrogenase complex, subunit A, flavoprotein variant 
and succinyl‑CoA ligase (GDP‑forming) subunit α mitochon‑
drial (38).

In addition to its classical deacetylase activity, SIRT2 has 
also been shown to catalyze the removal of long chain fatty acyls 
from Kras4a and Ras like proto‑oncogene B (RalB) (39,40). 
Furthermore, the de‑myristoylation activity of SIRT2 towards 
ADP‑ribosylation factor 6 lysine 3 was recently identified (41). 
The diverse functions of SIRT2 in the nervous system, mitosis, 
genome integrity, cell differentiation, cell homeostasis, aging, 
infection, inflammation, oxidative stress and autophagy have 
been previously reviewed (42‑44).

4. SIRT2 function in various tumor types

Dysregulation of SIRT2 in cases of gene amplification 
and mutation, protein overexpression and mislocalization 
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has been associated with the progression of various 
cancer types. Cross‑cancer analysis of The Cancer 
Genome Atlas database indicates that the SIRT2 gene 
is amplified in ~9% (52 out of 584  cases) of ovarian 
epithelial tumors and 4% (41 out of 1,053  cases) of 
NSCLCs (https://www.cancer.gov/about‑nci/organiza‑
tion/ccg/research/structural‑genomics/tcga). The gene locus of 
SIRT2 is known to be frequently deleted in human oligoden‑
drogliomas (45). In addition, a number of somatic mutations 
within SIRT2 are found in endometrial carcinoma, melanoma, 
leukemia and NSCLC (cbioportal website) (http://www.
cbioportal.org/). Particularly, multiple cancer‑associated 
SIRT2 mutations at evolutionarily conserved sites have been 
reported as functionally significant  (46). For example, the 
R42L mutation found in lung cancer decreased the protein 
levels of SIRT2, while the P128L mutation found in both colon 
and uterine cancer types abrogated the enzymatic activity of 
SIRT2 (46).

Due to tumor heterogeneity, the SIRT2 expression pattern 
is not always consistent. According to two recent review arti‑
cles, SIRT2 expression was elevated in neuroblastoma, uveal 
melanoma, renal cell carcinoma and acute myeloid leukemia, 
while it was decreased in glioma, neck squamous cell carci‑
noma, breast cancer, prostate cancer and liver cancer (47,48). 
In addition, dual SIRT2 expression patterns have been noted 
in NSCLC. Li et al (49) demonstrated that SIRT2 mRNA and 
protein expression levels were downregulated in NSCLC. 
Grbesa et al (50) demonstrated that the expression levels of 
the SIRT2 proteins were significantly higher in lung primary 
tumors than those noted in normal tissues. It is notable that 
Gao et al (51) demonstrated patients with NSCLC with low 
SIRT2 expression had longer overall survival (OS) compared 
with those with high SIRT2 expression, according to a survival 
analysis of 1,926 patients and SIRT2 expression levels were 
significantly related to the survival time of patients with lung 
adenocarcinoma (ADC) but not squamous cell carcinoma 
(SCC). Despite nuclear and cytoplasmic shuttling, SIRT2 is 
in fact a primary cytoplasmic protein. High levels of mislo‑
calized nuclear SIRT2 protein were associated with shorter 
disease‑free survival time in ER‑negative breast cancer (52). 
Gong et al (53) revealed that the combination of SIRT1 and 

SIRT2 was an improved recurrence‑free survival prediction 
model for NSCLC. It is also notable that SIRT2 has been 
identified as a candidate plasma biomarker in invasive cervical 
cancer (54).

The role of SIRT2 in cancer is controversial. SIRT2 has 
been reported to exert either tumor suppressor or oncogenic 
functions. It was initially proposed as a tumor suppressor due 
to its regulatory role on the mitotic checkpoint and due to its 
deacetylase activity on histone H3K56, which is a frequent 
modification noted in cancer cells (55,56). The tumor suppres‑
sive role of SIRT2 was supported by genetic experiments 
demonstrating that Sirt2‑deficient mice exhibited increased 
tumor incidence (30). In contrast to these observations, the 
tumor promoting activity of SIRT2 was supported by its 
ability to deacetylate p53 and downregulate its transcriptional 
activity  (57). Moreover, SIRT2 deacetylates K5 of lactate 
dehydrogenase A and increases its activity and protein levels, 
thereby accelerating glycolysis and lactate production, which 
in turn leads to increased cancer cell proliferation and migra‑
tion (58). Moreover, SIRT2 inhibitors have been shown to have 
broad anticancer activity (38,59), suggesting their therapeutic 
potential in cancer cells.

These seemingly opposite observations may reflect 
a context‑specific role of SIRT2 in cancer progression. 
Researchers are therefore encouraged to appropriately assess 
the clinical and molecular features in order to determine 
SIRT2 protein abnormalities in NSCLC.

5. Emerging roles of SIRT2 in NSCLC

Cancer‑promoting effect of SIRT2 in NSCLC. Kras and 
epidermal growth factor receptor (EGFR) mutations, and Myc 
amplification are among the most common molecular abnor‑
malities in NSCLC. SIRT2 positively regulates Kras activity by 
catalyzing deacetylation of Kras‑K104 or fatty deacylation of 
K‑Ras4a (39,60). The SIRT2 inhibitor JH‑T4 has been described 
as a potent anticancer agent. The mode of action of JH‑T4 
possibly involves increased fatty acylation of K‑Ras4a (61). In 
contrast to this evidence, in previous studies, SIRT2 stabilized 
Myc oncoprotein by repressing neuronally expressed devel‑
opmentally downregulated 4 (NEDD4) E3 ubiquitin‑protein 
ligase gene expression (62). In addition, Kras‑mutant NSCLC 
cells were sensitive to loss of SIRT2 expression (60). This is 
consistent with the fact that degradation of SIRT2 is positively 
correlated with NSCLC cell proliferation (63).

In addition, SIRT2 can participate in cancer progression by 
regulating physiological processes, including metabolism and 
autophagy. Enhanced glycolysis is a distinctive and prominent 
feature of cancer cells. Phosphoglycerate mutase (PGAM) is a 
glycolytic enzyme that catalyzes the reversible conversion of 
3‑phosphoglycerate to 2‑phosphoglycerate. PGAM is consid‑
ered oncogenic, while its inhibition attenuates tumor growth 
in NSCLC cells (64). SIRT2 deacetylates the K100 residue 
of PGAM and facilitates its activation, resulting in enhanced 
NADPH production and accelerated tumor growth (64). The 
autophagic pathway is associated with tumor suppression. 
Forkhead box protein O1 (FoxO1) is involved in the induction 
of autophagy and serves as a tumor suppressor, ectopically 
expressed FoxO1 interacts with SIRT2 and is deacetylated by 
SIRT2 in H1299 NSCLC cells (65). In either lung or colon 

Figure 1. Detailed schematic diagram of each domain of the SIRTs family. 
SIRTs 1‑7 have numerous types of isoforms, but only the longest isoforms are 
shown in this figure. SIRT, sirtuin.
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cancer cells, inhibition of SIRT2 increases FoxO1 acetylation 
and promotes the interaction between FoxO1 and autophagy 
related 7, which is required for the induction of autophagy, 
a process that is negatively correlated to tumor develop‑
ment (65). Tang et al (66) revealed that the high expression of 

SIRT2 contributes to induce the protective autophagy mecha‑
nism of HL‑60/A cells, which is closely related with the drug 
resistance of patients.

 In addition, a clinical survival analysis of 1,926 patients 
with NSCLC demonstrated that the median survival time of 

Table I. Clinical data and mechanisms of action of SIRT2 in cancer.

Cancer type				  
or cell line	 Clinical data	 Effect of SIRT2	 Mechanisms of action	 Authors (Refs.)

NSCLC	 Poor prognosis	 Protumorigenic role in	 Combination of highly expressed SIRT1	 Grbesa et al (50)
	 shorter	 lung cancer SIRT2	 and predict shorter RFS or OS times in	
	 RFS or OS times	 proteins can	 patients with NSCLC	
Gastric		  Promotes migrationand	 Regulates PEPCK1‑related metabolism	 Li et al (35)
cancer		  invasion of gastric cancer		
Mammary		  Regulates tumor growth	 Deacetylates the K305 site of PKM2	 Park et al (36)
tumor cells		  and glycolysis		
Colorectal	 Poor prognosis	 Promotes tumorigenesis	 Activating the STAT3/VEGFA signaling	 Hu et al (80)
cancer			   pathway	
HEK293T		  Promotes tumorigenesis	 Sirt2 interacts with 14‑3‑3 β/γ and	 Jin et al (57)
			   downregulates transcriptional activity of p53	
Pancreatic		  Promote proliferation and	 Accelerates glycolysis and lactate	 Zhao et al (58)
cancer		  migration	 production by deacetylating K5 of LDH‑A	
			   to increases its activity and protein level	
Neuroblast		  Pro‑cancer effect	 Stabilizes Myc oncoproteins by repressing	 Liu et al (62)
oma cell			   NEDD4 expression	
pancreatic				  
cancer				  
NSCLC		  Pro‑cancer effect	 SPOP inhibits NSCLC cell growth by	 Luo et al (63)
			   promoting SIRT2 degradation	
NSCLC	 Poor prognosis,	 Pro‑cancer effect	 OS time of NSCLC patients with low SIRT2	 Gao et al (51)
	 shorter OS times		  expression levels was significantly higher	
			   compared with high SIRT2 expression levels	
NSCLC		  Suppresses metastasis of	 Inhibits transcriptional activity of Stat3 by	 Zhu et al (68)
		  NSCLC	 abrogating AKR1C1‑Stat3 binding	
NSCLC		  Anticancer effect	 Attenuates the oncogenic activity of ACLY	 Lin et al (69)
			   by acting as the primary deacetylase of	
			   ACLY in NSCLC cells	
Lung		  Anticancer effect	 Inhibits migration of lung cancer A549	 Spiegelman et al (40)
cancer			   cells by the removal of long chain fatty	
			   acyls from RalB protein	
NSCLC		  Anticancer effect	 Overexpression of SIRT2 in lung cancer	 Li et al (49)
			   cell lines induces cell apoptosis induction,	
			   cell cycle arrest and cell proliferation	
			   inhibition by deacetylating Skp2 degraded	
NSCLC		  Anticancer effect	 SIRT2 is readily in NSCLC through HRD‑	 Liu et al (67)
			   mediated ubiquitination	
Breast	 Poor prognosis	 Promote differentiation	 NOTCH signaling pathway induces	 Zhao et al (75)
cancer	 of breast CSCs		  SIRT2 to deacetylate ALDH1A1	

SIRT, sirtuin; NSCLC, non‑small cell lung cancer; OS, overall survival; CSC, cancer stem cell; RalB, Ras like proto‑oncogene B; ACLY, 
ATP‑citrate lyase; AKR1C1, aldo‑keto reductase family 1 member C1; SPOP, speckle type BTB/POZ protein; RFS, recurrence‑free survival; 
PEPCK1, phosphoenolpyruvate carboxykinase 1; PKM2, pyruvate kinase M2 isoform; LDH‑A, lactate dehydrogenase A; NEDD4, neuronally 
expressed developmentally downregulated 4; Skp2, S phase kinase‑associated protein 2.
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patients with low SIRT2 expression levels was significantly 
higher than that of patients with high SIRT2 expression 
levels (15.0 versus 14.0 months, P=0.029) (51). This evidence 
supports an oncogenic role of SIRT2 in NSCLC.

Anticancer effects of SIRT2 in NSCLC. Conflicting studies have 
nevertheless shown that SIRT2 expression is downregulated 
in NSCLC and that SIRT2 can inhibit tumor growth (49,67). 
Zhu et al (68) reported that deacetylation of aldo‑keto reduc‑
tase family 1 member C1 (AKR1C1) by SIRT2 inhibited 
the binding of AKR1C1 to STAT3, therefore decreasing the 
transcriptional activity of STAT3 and inhibiting migration of 
NSCLC cells. SIRT2 was shown to inhibit migration of A549 
lung cancer cell by the removal of fatty acyls from the RalB 
protein (40). Similarly, overexpression of SIRT2 in A549 and 
H1299 cells caused inhibition of cell proliferation, induction 
of cell apoptosis and cell cycle arrest by deacetylating S‑phase 
kinase‑associated protein 2 (49).

Increased lipogenesis plays a critical role in tumor growth. 
ATP‑citrate lyase (ACLY) exhibits an oncogenic function in 
NSCLC. Acetylation of K540, K546 and K554 (3K) residues 
on ACLY inhibits its ubiquitylation and degradation, ACLY is 
a key enzyme that catalyzes the ATP‑dependent conversion of 
citrate and coenzyme A (CoA) to oxaloacetate and acetyl‑CoA, 
SIRT2 deacetylates ACLY and promotes its degradation, 
leading to decreased fatty acid synthesis, as well as delayed 

tumor growth in NSCLC cells  (69). SIRT2 attenuates the 
oncogenic activity of ACLY by acting as its primary deacety‑
lase in NSCLC cells (69). In addition, Mu et al (70) revealed 
that SIRT1/2 inhibition triggers pro‑survival autophagy by 
increasing acetylation of HSPA5 and upregulating expression 
levels of ATF4 and DDIT4 to obstruct the mTOR signaling 
pathway in human NSCLC cells. SIRT2 directly binds to 
transcription factor EB, to regulate acute shear stress‑induced 
cell apoptosis by regulating the release of autophagy compo‑
nents and exosomes, which contributes to the suppression of 
tumorigenesis and the metastasis of NSCLC (71). A recent 
study demonstrated that SIRT2 was readily degraded via 
homologous recombination repair‑mediated ubiquitination in 
NSCLC (67), supporting the anticancer function of SIRT2 in 
this disease.

Taken together, the data demonstrate that SIRT2 can 
participate in the occurrence and development of various 
cancer types by regulating a variety of physiological processes; 
it has different mechanisms of action in various cancer types, 
and a schematic diagram of its mechanism of action in NSCLC 
is shown in Fig. 2.

6. SIRT2 targeting therapeutic strategy

SIRT2 and drug resistance. EGFR‑activating mutations are 
noted in ~20% patients with NSCLC. EGFR tyrosine kinase 

Figure 2. Schematic diagram of the mechanism of action of SIRT2 in NSCLC. RalB lysine fatty acylation promotes membrane localization and A549 cell 
migration. SIRT2 can significantly inhibit the formation and plasma membrane localization of the RalB‑Sec5‑Exo84 exocyst complex by regulating RalB8K 
lysine fatty acylation. Therefore, SIRT2 suppresses migration of A549 lung cancer cells by downregulating RalB8K lysine fatty acylation. SPOP can bind 
to SIRT2 and mediate its degradation by the proteasome. Subsequently, it inhibits the growth of NSCLC. By deacetylating the RRM2 K95 subunit of RNR, 
SIRT2 contributes to dNTP synthesis and DNA replication, thereby promoting the growth of lung cancer cells. The E3 ubiquitin ligase HRD1 binds to SIRT2 
and promotes its degradation, which hinders the anticancer effect of SIRT2. By deacetylating AKR1C1, SIRT2 attenuates AKR1C1‑STAT3 binding and 
STAT3 phosphorylation, thereby inhibiting the transcriptional activity of STAT3 target genes. SIRT2, sirtuin 2; NSCLC, non‑small cell lung cancer; RalB, 
Ras‑like proto‑oncogene B; SPOP, speckle type BTB/POZ protein; RRM2, ribonucleotide reductase regulatory subunit M2; RNR, ribonucleotide reductase; 
HRD1, E3‑ubiquitin protein ligase HRD1; AKR1C1, aldo‑keto reductase family 1 member C1.
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inhibitors are currently the standard treatment for patients with 
NSCLC and EGFR mutations. However, drug resistance is a 
major factor affecting the efficacy of anticancer therapy. Using 
large‑scale screening, Bajpe et al (72) demonstrated that loss 
of SIRT2 conferred resistance to EGFR inhibitors in NSCLC 
and colon cancer. SIRT2 deacetylates MEK1 and inhibits its 
activation. Since loss of SIRT2 results in increased levels of 
MEK1 acetylation and phosphorylation, the increase in MEK1 
activation and downstream ERK phosphorylation may lead to 
cancer recurrence. Similarly, SIRT2 loss conferred resistance 
to the effects of BRAF and MEK inhibitors in BRAF‑mutant 
melanoma and Kras‑mutant colon cancer, respectively (72). 
In contrast to these findings, an increase in SIRT2 expression 
levels may cause multidrug resistance in acute myelogenous 
leukemia by activating the ERK1/2 signaling pathway (73). In 
addition, SIRT2 exhibited protective effects against chemo‑
therapy‑induced peripheral neuropathy in a subcutaneous lung 
cancer mouse model. This condition is one of the most common 
causes of chemotherapy dose reduction and discontinuation. 
Cisplatin induces SIRT2 nuclear accumulation in dorsal root 
ganglia neurons, allowing SIRT2 to participate in the repair of 
cisplatin‑generated DNA damage (74). Multiple studies have 
shown that SIRT2 contributes to the stemness of cancer stem 
cells (CSCs), which provides a further link between SIRT2 
and chemoresistance in NSCLC (75,76).

SIRT2 and cancer stem cells. CSCs are considered the ‘seeds’ 
of cancer cells, with self‑renewal ability and multilineage 
differentiation potential. CSCs are resistant to radiotherapy and 
chemotherapy, and are closely associated with tumor recurrence 
and metastasis (77). It has been shown that SIRT2 is involved 
in regulating the stemness of embryonic stem cells (ESCs) and 
CSCs. SIRT2 expression is significantly downregulated in both 
human ESCs and human pluripotent stem cells, while its upreg‑
ulation is noted during mouse ESC differentiation. In addition, 
a study showed that depletion of SIRT2 prominently increased 
iPSC generation, while overexpression of SIRT2 significantly 
reduced this process (19). These effects are mainly attributed 
to the deacetylation and inactivation of glycolytic enzymes by 
SIRT2; Cha et al (19) reported that downregulation of SIRT2 
by miR‑200c promotes glycolysis and acetylation of glycolytic 
enzymes, which contributes to cellular reprogramming of 
human PSCs. Aldehyde dehydrogenase 1A1 (ALDH1A1) serves 
as a marker of CSCs in NSCLC and participates in their mainte‑
nance (78). ALDH1A1 activity is inhibited by K353 acetylation, 
which can be further deacetylated by SIRT2. Activation of the 
NOTCH signaling pathway induces deacetylation of ALDH1A1, 
which is catalyzed by SIRT2. This leads to activation of 
ALDH1A1 and increased self‑renewal properties of CSCs (75). 
Similar pro‑self‑renewal effects of SIRT2 have been demon‑
strated in renal cell carcinoma CSCs; Wei et al (76) reported 
that SIRT2 may be highly expressed in the RCC stem‑like cells 
and that it contributes to cancer metastasis. In addition, it was 
reported that the SIRT2‑selective inhibitor 2‑cyano‑3‑(5‑(2,
5‑dichlorophenyl)‑2‑furanyl)-N‑5-quinolinyl‑2‑propenamide 
(AGK2) showed the most potent antiproliferative effect in glio‑
blastoma multiforme CSCs (79).

SIRT2 in cancer immunotherapy. Tumor infiltrating lympho‑
cyte (TIL) therapy is considered a promising option for treating 

patients with metastatic NSCLC, whereas loss of T‑cell effector 
functions within the tumor microenvironment can limit the 
clinical efficacy of this therapeutic method. SIRT2 has been 
suggested as a master regulator of T‑cell metabolism and an 
immune checkpoint in TILs (38). By utilizing sirt2‑knockout 
mice and SIRT2 inhibitors, one study concluded that SIRT2 
inhibited T‑cell metabolism and impaired T‑cell effector func‑
tions by deacetylating a number of metabolic enzymes. This 
conclusion was supported by the fact that SIRT2 was only 
increased in TILs from patients with NSCLC that responded 
partially to TIL therapy (38).

SIRT2 inhibitors. Recent studies have shown that inhibi‑
tion of SIRT2 exhibits broad anticancer activity  (59,80). 
High expression of SIRT2 in NSCLC samples can be 
used to ensure the efficacy of SIRT2 inhibitors in NSCLC 
treatment. The existing SIRT2 inhibitors (AEM1 and 
AEM2) have shown p53‑dependent proapoptotic activity in 
NSCLC (81). In addition, combination chemotherapy is a 
potentially promising approach used to enhance anticancer 
activity. The combination of SIRT2 inhibitors (AGK2 and 
Sirtinol) and the pyruvate dehydrogenase kinase inhibitor 
(dichloroacetic acid) was highly effective for inhibiting the 
proliferation of NSCLC cells (82). Bisnaphthalimidopropyl 
diaminodicyclohexylmethane is a polyamine derivative 
that inhibits growth and induces the apoptosis of NSCLC 
cancer cells. This anticancer effect is possibly mediated by 
SIRT2 inhibition (83). Moreover, inhibition of SIRT1 and 
SIRT2 by salermide, a reverse amide compound, leads to 
the upregulation of death receptor 5 through the activating 
transcription factor (ATF)4/ATF3/DNA damage inducible 
transcript 3 pathway in NSCLC, resulting in the apoptosis 
of human lung cancer cells (84). The anticancer effect of 
SIRT2 inhibitors in NSCLC provides a rational therapeutic 
strategy for NSCLC tumors with high expression of SIRT2. 
A schematic diagram of the biological functions of SIRT2 is 
shown in Fig. 3.

7. Conclusion

As aforementioned, NSCLC is a malignant cancer with a 
complicated etiology and poor prognosis, accounting for ~80% 
of the total incidence of lung cancer. SIRT2 functions either as 
a tumor suppressor or as an oncogene in NSCLC, depending 
on the experimental conditions. It is notable that SIRT2 inhibi‑
tors exhibit a protective effect in patients with lung cancer 

Figure 3. A schematic diagram of the biological functions of SIRT2. SIRT2, 
sirtuin 2.
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and high SIRT2 expression, providing a theoretical basis for 
successful cancer therapy.

SIRT2 is mainly localized in the cytoplasm. However, it 
is also found in the nucleus and mitochondria. A secretome 
study performed in mouse macrophages revealed 775 proteins 
including SIRT2, which were reproducibly detected in the 
culture medium following lipopolysaccharide stimulation (85), 
suggesting a potential role of SIRT2 in the extracellular 
compartment. The applications of high‑throughput liquid 
chromatography tandem mass spectrometry analysis have 
resulted in the identification of a large number of extracellular 
matrix and peripheral proteins that are acetylated in both 
healthy and diseased tissues  (86‑88). However, additional 
studies are required to assess whether the SIRT2 deacetylase 
activity in the extracellular tumor microenvironment can regu‑
late tumorigenesis.

In conclusion, SIRT2 is implicated in a wide range of 
physiological and pathological processes via deacetylation 
or fatty deacylation of specific substrates. Dysregulation of 
SIRT2 is closely associated with NSCLC progression. SIRT2 
exhibits both oncogenic and tumor suppressive functions 
depending on the cancer stage, cell molecular characteristics 
and experimental conditions. Therefore, despite the broad 
anticancer activity of SIRT2 inhibitors, extensive research is 
still required to validate the potential of SIRT2 as a target for 
NSCLC treatment.
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