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Abstract

Acetylation regulation plays an important role in vatious kinds of physiological processes, dysregulation of which leads to
pathological progression and setious diseases. SIRTuin family, a class III HDACs, has drawn more and more attention due
to its increasing vital biological functions. In case of cancer progression, some of which has been demonstrated to serve as
either tumor suppressor or oncogene ot both, which depends on context and/or cell type. Here we summarized the roles
of SIRT7 in cancer progression and discussed its therapeutic potential in cancer treatment.
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Introduction

Acetylation plays an important role in different types of physi-
ological processes including aging, metabolism, apoptosis and
neurogenesis, and has been linked to many pathological processes
such as cancer, inflammatory and autoimmune diseases. In mam-
mals, acetylation is regulated by histone acetyltransferases (HATS)
and histone deacetylases (HDACs). There are four classes of
HDAGs. Class I HDACs (HDACT, 2, 3, and 8) consist mainly of
a catalytic domain and are widely expressed in mammalian tissues.
Class II HDACs ate divided into two subclasses, IIa (HDAC4,
5, 7, and 9) and IIb (HDACG and 10). Class IV currently con-
tains only HDAC11. SIRTuins belong to the class III histone
deacetylases and are nicotinamide adenine dinucleotide (NAD+)-
dependent [1]. Mammals have seven SIRTuin members (SIRT1-
SIRT7), with the function of SIRT1 being mostly studied in the
past decade 2] and others less well studied but attracted more and
more attention recently.

All the SIRTuin proteins share a highly conserved NAD+-bind-

ing and catalytic core domain, and have deacetylase activity [3],
but their subcellular localizations are quite different ([4], table 1).
SIRT1, SIRTG, and SIRT7 are predominantly nuclear proteins (|5,
0], table 1). SIRT1 can also shuttle between cytosol and nuclear
in various tissues [7]. SIRT2 is mainly a cytoplasmic protein while
SIRT3, SIRT4, and SIRTS, are primarily found in mitochondria
and can regulate mitochondrial activity [8-10].

In the SIRTuin family, SIRT1 was the pioneer member and had
drawn most attention in cancer development in the past decade
due to its diverse biological functions. However, controversy re-
garding SIRTuins and cancer exists and is under debate since
they could act as either a tumor suppressor or tumor promoter
in different contexts [2]. Recently, SIRT7 has been increasingly
identified as crucial regulators for a variety of signaling pathways
and has joined the debate [11]. Here we summarized the roles of
SIRT7 in tumorigenesis and discussed its therapeutic potential in
cancer treatment.

SIRT7 as a Metabolic Modulator

SIRTuins (SIRT1-7) have attracted considerable attention as regu-
lators of metabolism over the past decade. A finely tuned regula-
tory and evolutionarily conserved switches control and maintain
metabolic homeostasis which maintains a delicate balance among
energy intake, utilization and storage [12]. A lot of signaling medi-
ators including insulin, insulin growth factor 1 (IGF1) and target
of rapamycin (TOR; mTOR in mammals), AMP-activated pro-
tein kinase (AMPK) and SIRTuins involved this pathway [12-16].

Previously, SIRTuins (SIRT1-4) have been suggested to modulate
glucose homeostasis in various kind of tissues such as muscle,
WAT, liver and pancreas. Strikingly, SIRT1 has a controversial role
in the control of gluconeogenesis by deacetylating different tar-
gets. On one hand, SIRT1 can inhibit hepatic glucose production
by downregulating CRTC2 (CREB-regulated transcription co-
activator 2) acetylation, leading to its degradation and target genes
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Table 1. Summary of mammalian SIRTuins
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SIRTuin Location Interactions Activity Biological effects
Nucleus (primary), Cy- Histone, p53, FOXO, Metabolism, stress, cell
SIRT1 toplasm PGCla NF-KB, USP22, etc Deacetylase survival
tubulin, H4, H3K18, FOXO,
SIRT2 | Cytoplasm, Nucleus ACLY Deacetylase cell cycle, Lipid synthesis
Mitochondria (primary), [ AceCS2, GDH complex I, Thermogenesis, ATP pro-
SIRT3 nucleus OPA1 Deacetylase duction
Mitochondria (primary) , Deacetylase ADP-ribosyl- | Insulin secretion, metabo-
SIRT4 Cytoplasm GDH, IDE, ANT transferase lism

Mitochondria (primary),

Deacetylase, desuccinylase,

SIRT5 | Cytoplasm and nucleus [CPS1, SOD1, HMGCS2, etc demalonylase Urea cycle, metabolism
metabolism, DNA repair,
Nucleus (primary), Cy- | H3, NF-KB, P53, USP10, | Deacetylase, ADP-ribosyl- | longevity, chromosome
SIRTG6 toplasm PARP1, CtIP, c-myc, etc transferase stability
rDNA transcription, ER
SIRT7 | Nucleolus, Cytoplasm | Pol I, H3K18, PAF53, P53 Deacetylase stress, cell death

transcription. On the other hand, SIRT1 can also deacetylate
FOXOT1 [17, 18] and PGCla, thus activating the gluconeogenic
transcriptional programme. In contrast to SIRT1, other SIRTuins
such as SIRT?2, SIRT3 and SIRT4 are thought to maintain gluco-
neogenesis during times of energy limitation [12]. In addition to
glucose metabolic regulator, SIRT1 and SIRT6 have been sug-
gested as mediators of fatty acid synthesis and fatty acid oxidation
[12]. Interestingly, SIRT7 also joined the team.

Recently, SIRT7 has also been shown to regulate hepatic lipid
metabolism by targeting the ubiquitin-proteasome pathway [19].
Yoshizawa and colleagues elegantly demonstrated that SIRT7
knockout mice were resistant to high-fat diet-induced fatty liver,
obesity, and glucose intolerance, and that hepatic triglyceride ac-
cumulation was also attenuated in liver-specific SIRT7 knockout
mice [19]. Hepatic SIRT7 upregulated the protein level of TR4/
TAK1 and activated TR4 target genes to increase fatty acid uptake
and triglyceride synthesis/ storage. Biochemically, they revealed
that the DDB1-CUL4-associated factor 1 (DCAF1)/damagespe-
cific DNA binding protein 1 (DDB1)/cullin 4B (CUL4B) E3
ubiquitin ligase complex interacted with TR4, leading to its deg-
radation, while binding of SIRT7 to the DCAF1/DDB1/CUL4B
complex inhibited the degradation of TR4 [19]. Their data thus
suggested a role of SIRT7 in metabolic regulation. However,
whether these SIRTuins use same tatget(s)/mechanism to regu-
late metabolism is still unknown.

SIRT7 as a Deacetylase: Histone and non-Histone
Substrates

In addition to its role as a metabolic regulator, SIRT7 also in-
volved in other signaling pathways by targeting histone or non-
histone proteins as its deacetylation substrates.

It was previously reported that selective hypoacetylation of
H3K18Ac has been linked to oncogenic transformation, and is
associated with aggressive tumor phenotypes and poor prognosis
in patients [20-23]. Through genome-wide screening, Matthew I
Batber et.al. revealed that SIRT7 binds to promoters of a specific
set of target genes, where it deacetylates H3K18Ac and promotes

transcriptional repression. The spectrum of SIRT7 target genes
was defined by its interaction with ELK4, and comprises numet-
ous genes with links to tumor suppression. The deacetylation of
H3K18Ac by SIRT7 help human cancer cells maintain anchor-
age-independent growth and escape from contact inhibition, thus
suggesting a oncogenic role of SIRT7 in cancer progression (24).

Not only histone but non-histone proteins can also be deacety-
lated by SIRT7. Olesya Vakhrusheva et. al. found that SIRT7 in-
teracts with p53 and efficiently deacetylates p53 in vitro, which
corresponds to hyperacetylation of p53 in vivo and an increased
rate of apoptosis in the myocardium of mutant mice. SIRT7-
deficient mice undergo a reduction in lifespan and develop heart
hypertrophy and inflammatory cardiomyopathy. SIRT7-deficient
primary cardiomyocytes show a 200% increase in basal apoptosis
and a significantly diminished resistance to oxidative and geno-
toxic stress, suggesting a critical role of SIRT7 in the regulation
of stress responses and cell death in the heart. This supposed
that enhanced p53 activity contributes to the heart phenotype in
SIRT7 mutant mice [25].

In addition to histone deacetylation, SIRT7 can also directly af-
fects transcription. It was reported that SIRT7 is an activator of
RNA polymerase I transcription by interaction with RNA poly-
merase I (Pol I) as well as with histones [6]. Overexpression of
SIRT7 increases Pol I-mediated transcription, whereas knock-
down of SIRT7 reverse the phenomenon. Depletion of SIRT7
inhibits cell proliferation and triggers apoptosis. This suggested
that SIRT7 is a positive regulator of Pol I transcription and is
required for cell viability in mammals. Interestingly, activation of
RNA polymerase I transcription by SIRT7 is associated with its
deacetylase activity, since inhibition of the catalytic activity results
in decreased association of Pol I with tDNA and a reduction of
Pol I transcription [6]. However, the direct deacetylation target in
this study was not identified.

Recently, SIRT7 was also reported to target PAF53, a subunit of
RNA polymerase I (Pol I), for deacetylation [26]. Acetylation of
PAF53 at lysine 373 by CBP and deacetylation by SIRT7 modu-
late the association of Pol I with DNA, hypoacetylation correlat-
ing with increased tDNA occupancy of Pol I and transcription
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activation. SIRT7 is released from nucleoli in response to differ-
ent stress conditions, leading to hyperacetylation of PAF53 and
decreased Pol I transcription. Nucleolar detention requires bind-
ing of SIRT7 to nascent pre-rRNA, linking the spatial distribution
of SIRT7 and deacetylation of PAF53 to ongoing transcription.
The results identified an RNA-mediated mechanism that adapts
nucleolar transcription to stress signaling [26]. Thus, PAF53 was
identified as the direct deacetylation target of SIRT7 in pol I-
mediated transcription.

The Role of SIRT7 in Tumorigenesis

The role of SIRTuins in tumorigenesis is controversial. They can
serve as either tumor suppressor or oncogene [2]. Recently, SIRT7
joins the debate [11].

SIRT7 as a Tumor Suppressor?

SIRT7 expression has been suggested to be used as a prognos-
tic biomarker in HNSCC. Lai and colleagues [27] used real-time
qRT-PCR to investigate the expressions of the seven SIRT genes
in human HNSCC tissues to assess the changes in cancerous and
noncancerous parts and the correlation with different tumor be-
haviors. They found that the expression levels of SIRT7 as well as
other SIRTuins were significantly downregulated in cancerous tis-
sues compared with noncancerous tissues. The expression levels
of SIRT1, SIRT2, SIRT3, SIRT5, and SIRT7 showed downregula-
tion in advanced stages in respect to early stages. They concluded
that the downregulation of SIRTuins including SIRT7 expression
may contribute to the development of cancer and trigger the neo-
plastic disease to more advanced stages [27]. However, the direct
deacetylation target of SIRT7 in this study was not identified and
the function of SIRT7 as a tumor suppressor was not deeply in-
vestigated. Thus it’s difficult to draw a conclusion that SIRT7 is a

tumor suppressor from this study.

SIRT7 as an Oncogene

SIRTuin family proteins regulate a variety of cellular signaling
events that influence genomic stability, metabolism and ageing,
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dysregulation of which activity may lead to transformation/tum-
origenesis [2]. Recently, SIRT7 has been shown to regulate cancer
progression by functioning as an NAD1-dependent H3K18Ac
deacetylase, which stabilizes the transformation of cancer cells
[24]. Mechanistically, SIRT7 binds to the promoters of a specific
set of target genes, where it deacetylates H3K18Ac and promotes
transcriptional repression. Barber et al. found that the spectrum
of SIRT7 target genes is determined by its interaction with
ELK4. Their data conclusively demonstrated that SIRT7 function
as an oncogene based on the following reasons. Firstly, selective
hypoacetylation of H3K18Ac has been linked to oncogenic trans-
formation, and aggressive tumour phenotypes and poor progno-
sis [20-23]. Their data suggested that deacetylation of H3K18Ac
by SIRT7 is necessary for maintaining anchorage-independent
growth and escape from contact inhibition. In addition, SIRT7
is necessary for a global hypoacetylation of H3K18Ac associated
with cellular transformation by the viral oncoprotein E1A. Lastly,
SIRT7 deficiency significantly reduces the tumor size in xeno-
grafts mice. Taken together, their data suggested that SIRT7 acts
as an oncogene by deacetylating H3AK18Ac [24].

SIRT7 expression and activity has been proposed to be inhibited
by hsa-miR-125b. Han and colleagues demonstrated that the ex-
pression of hsa-miR-125b and SIRT7 were inversely correlated
in bladder cancer. Hsa-miR-125b mimic inhibited, whetreas hsa-
miR-125b inhibitor promoted the expression of SIRT7. Up-reg-
ulation of hsa-miR-125b or down-regulation of SIRT7 inhibited
proliferation, motility and increased apoptosis. These data suggest
that hsa-miR-125b suppresses bladder cancer development via in-
hibiting SIRT?7 [28]

SIRT7 expression was reported to be dysregulated in human
hepatocellular carcinoma (HCC) patients [29]. SIRT7 knockdown
causes impaired G1/S phase transition and supptesses growth
by uptegulating p21WAF1/Cipl and Beclin-1 and downtegulat-
ing cyclin D1. Moreover, SIRT7 suppression reduced the tumor
growth in a mouse xenograft model. Bioinformatics analysis iden-
tified that miR-125a-5p and miR-125b suppressed SIRT7 and cy-
clin D1 exptression and induced p21WAF1/Cipl-dependent G1
cell cycle arrest and treatment of HCC cells with 5-aza-20-deox-
yeytidine or ectopic expression of wildtype but not mutated p53

Figure 1. Schematic summary of SIRT7 targets and functions
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restored miR-125a-5p and miR-125b expression and inhibited
tumor cell growth, suggesting a role of the promoter methyla-
tion and p53 regulation in miRNA activity and SIRT7 expression.
Finally, mutations in the DNA binding domain of p53 and pro-
moter methylation of miR-125b analysis suggested that SIRT7
plays a oncogenic role in hepatocarcinogenesis [29].

SIRTuins was also proposed to play a role in colorectal cancer
development. The SIRT7 protein level significantly correlated
with tumor stage, lymph node metastasis, and poor patient sur-
vival. Ectopic SIRT7 expression promoted colorectal cancer cell
proliferation, colony formation, and motility while SIRT7 knock-
down reversed these phenotypes. In SIRT7-overexpressing cells,
the mesenchymal markers vimentin and fibronectin were upregu-
lated, and the epithelial markers E-cadherin and B-catenin were
downregulated, suggesting an EMT transition in colorectal cells.
Mechanistically, SIRT7 enhanced MAPK pathway activity by p-
ERK and p-MEK upregulation. [30].

Concluding Remarks

SIRT7 can function as a transcriptional regulator by targeting Pol
I [6], however, factors affecting itself transcription are still un-
known. Future investigation need to figure out its upstream regu-
lators which affect its transcription.

Recently researchers spend their effort on inhibitor discoveries
and clinical application. However, few of them can be applied to
clinical trials due to unknown reasons. Since SIRT7 is not only ex-
pressed in normal tissue, but also in tumor tissue, targeting SIRT7
in whole organism will cause problem. Future work may try to
target its upstream regulator or downstream effect proteins which
are uniquely and abnormally expressed in cancer tissue/patients.
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