ONCOLOGY REPORTS 45: 43, 2021

SIRT1 and gynecological malignancies (Review)
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Abstract. Sirtuin 1 (SIRTI1), a member of the sirtuin
protein family, is a nicotinamide adenine dinucleotide
(NAD")-dependent type III histone deacetylase and
mono-ADP-ribosyltransferase. SIRT1 can deacetylate
histones (H1, H3, and H4) and non-histone proteins, and it
is widely involved in various physiological and pathological
processes in the body, including metabolism, aging, transcrip-
tion, DNA damage and repair, apoptosis, cell cycle regulation,
inflammation and cancer. Research has shown that SIRT1
is involved in tumorigenesis, tumor metastasis and chemo-
therapy resistance, but it exerts opposing effects and plays
different roles in different pathogenic processes. Recent
studies have demonstrated that SIRT1 may be implicated in
the pathogenesis, development, treatment and prognosis of
tumors; however, its role in gynecological tumors remains
elusive. The aim of the present review was to summarize the
pathogenic roles of SIRT1 in cancer, and to provide what is, to
the best of our knowledge, the first review of recent advances
involving SIRT1 in cervical cancer, endometrial cancer (EC)
and ovarian cancer (OC). In addition, the critical research gaps
regarding SIRT1, particularly its potential involvement in the
concurrence of EC and cervical cancer and its antagonistic
effect against poly(ADP-ribose) polymerase inhibitors in OC,
were highlighted.
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1. Introduction

Endometrial cancer (EC), cervical cancer and ovarian
cancer (OC) are the three most common gynecological malignan-
cies. EC is the most common gynecological tumor in developed
countries, and its incidence and mortality are increasing (1). By
contrast, the incidence of cervical cancer is decreasing (1) due
to the extensive application of the human papillomavirus (HPV)
vaccine and the standard screening strategy. However, the inci-
dence and mortality of cervical cancer in developing countries
are very different from those in developed countries (2,3). A
study conducted in China revealed that cervical cancer had the
highest incidence and mortality among gynecological tumors
in 2015 (4). OC is the most lethal cancer (1), possibly due to the
lack of efficient early diagnostic methods, its high recurrence
rate, and its extensive chemoresistance.

Persistent HPV infection is the main cause of cervical
cancer (5), but the causes of the other two gynecological
cancers have not yet been clearly determined, despite years
of research. Multiple factors are involved in EC and OC,
among which family history, advanced age, low fertility and
low levels of female hormones are considered as high-risk
factors (6,7). Standard therapy includes surgery and adjuvant
therapy, such as chemotherapy and radiotherapy; furthermore,
an increasing number of active agents, such as bevacizumab
and poly(ADP-ribose) polymerase (PARP) inhibitors (PARP1),
have emerged in recent decades (5-7). However, identifying
characteristic markers is the key to improving the diagnosis,
treatment and prognosis of these tumors.

Sirtuin 1 (SIRT1), a member of the sirtuin protein family,
belongs to the family of type III histone deacetylases and is
mainly localized to the nucleus (8,9). SIRT1 can deacetylate
histone (H1, H3 and H4) and non-histone proteins [p53 and
nuclear factor (NF)-kB] by consuming nicotinamide adenine
dinucleotide (NAD"), causing ADP-ribose to attach to the
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acetyl moiety of the substrate, and releasing nicotinamide
(NAM) and 2'-O-acetyl-adenosine diphosphate-ribose
(O-AcADPR) (10,11). SIRT1 regulates metabolism, aging,
transcription, DNA damage and repair, apoptosis, the cell
cycle, inflammation, and tumor-related processes, and it is
the most extensively investigated sirtuin in mammals (10,12).
SIRT1 has been studied in the context of breast cancer,
colorectal cancer, liver cancer, melanoma and several other
cancers (13), but few studies have reported the involvement of
SIRTI in gynecological malignancies. The aim of the present
review was to summarize the pathogenic roles of SIRTI in
gynecological malignancies and reveal the etiological associa-
tion and therapeutic potential of SIRT1 in EC, cervical cancer
and OC.

2. Pathogenic function of SIRT1 in malignancies

Genetic damage and repair. Recent research has shown that
SIRT1 exerts protective effects on normal cells by preventing
DNA damage and promoting DNA repair; however, SIRT1
may exert the same effects on cancer cells, thereby promoting
their survival, proliferation and metastasis (13). In addition,
SIRT1 exerts carcinogenic effects by deacetylating specific
molecules.

After deacetylating histones, SIRT1 affects the chromatin
topology and densely binds chromatin into heterochromatin,
thereby protecting DNA from the effects of ultraviolet rays
and oxidation and further inhibiting the onset of malignan-
cies (14,15). When damage occurs, SIRT1 binds to damaged
DNA fragments and changes their transcriptional activity
by histone deacetylase and adjacent promoter methylation
mediated by the recruitment of DNA methyltransferases
(DNMTs) (16-18). Histone methylation is coactivated by
complexes consisting of E2H2, DNMTs and yH2AX,
and is involved in transcriptional silencing and protec-
tion. Additionally, a previous review concluded that SIRT1
facilitates DNA damage repair (DDR), including homologous
recombination (HR) repair, non-homologous end-joining
(NHEJ) repair, mismatch repair and base excision repair,
and regulates the cell cycle through key molecules such as
ataxia-telangiectasia mutated (ATM), p53-binding protein 1,
KU70, the FOXO family, MSH2, MSH6 and apurinic/apyrimi-
dinic endonuclease APEX1 (Fig. 1) (13,19).

The dissociation of SIRT1 from a previous binding site
and its subsequent specific binding to a damaged site to assist
in DDR may cause problems. One problem is that separation
may alter the chromatin conformation from heterochromatin
to euchromatin, lifting the transcriptional suppression of genes
that should be transcriptionally silent, which is likely to cause
cancer (18). Furthermore, the binding of SIRT1 to damaged
fragments should be transient, persisting just long enough to
permit repair; otherwise, genes that are supposed to be silent
may be expressed and serve as driving factors of tumors.

The deacetylation of targeted proteins may also be
involved in carcinogenesis. pS3 is a critical tumor suppressor,
and deficiency in its expression exists in a variety of malignan-
cies, whereas its activity is significantly reduced when p53 is
deacylated (20). The functions of the FOXO family members,
which regulate the cell cycle, may be inhibited by SIRTI,
thereby enabling damage repair but arresting apoptosis (21).

As a result, many tumor cells with defects in transcription
have sufficient time to correct these errors, survive and
proliferate.

Metabolism. Tumor cells grow more rapidly compared with
normal cells and, thus, they require more energy and mate-
rials for proliferation. We found reports of several metabolic
changes in the literature, among which glycolipid metabolism
is the most fundamental metabolic change (22-24). The
majority of tumor cells abide by the particular glucose metab-
olism principle known as the “Warburg effect’, which refers
to the reliance of tumor cells on aerobic glycolysis instead of
the tricarboxylic acid cycle to obtain energy (25,26). A likely
explanation for this effect is that the process of glycolysis will
assemble the necessary materials for cancer cell proliferation,
since not all glucose is converted into CO,. Furthermore, the
accumulation of lactic acid (the product of glycolysis) promotes
cell proliferation and stimulates neovascularization (27). Lipid
metabolism also contributes to the proliferation and develop-
ment of cancer cells. Lipid synthesis provides indispensable
materials for cell proliferation, whereas lipolysis offers
energy apart from that of glycolysis; both processes involve
some essential transcriptional factors, such as peroxisome
proliferator-activated receptor (PPAR)y and sterol regulatory
element-binding proteins (SREBPs) (22,24,28). SIRT1 has
broad and opposite functions in the glucose and lipid metabo-
lism of malignant cells (29-31), as shown in Tables I-III. SIRT1
directly regulates the expression, activity and localization of
enzymes involved in glycolysis, and it can also indirectly
adjust glucose metabolism by affecting glycolysis-related
transcriptional factors (Table 1) (32,33). Similarly, the diverse
effects of SIRT1 may also be observed in lipid synthesis and
lipolysis (Tables II and III) (32,33).

3. Role of SIRT1 in non-gynecological malignancies

SIRTI is associated with tumorigenesis, but its role varies
among different organs and tissues; SIRT1 is upregulated
in patients with primary colon cancer, prostatic carcinoma,
acute myelogenous leukemia, cutaneous melanoma and
non-melanoma skin cancer, but it is downregulated in
breast cancer and hepatocellular carcinoma (13). However,
Moore et al (34) revealed that SIRT1 is overexpressed in
estrogen receptor (ER)-positive breast carcinoma, suggesting
suppressive and promoting actions in disparate molecular
types of malignancies. Moreover, Zhong et al (35) demon-
strated that SIRT1 has a negative impact on colorectal
cancer by downregulating the expression of key proteins that
participate in double-strand break repair, such as BRCA2,
RADS50 and FANCA, by impacting the recruitment of hMOF,
which belongs to the histone acetyltransferase family. In
chronic myeloid leukemia, SIRT1 has been shown to induce
BCR-ABL mutations and drug resistance to tyrosine kinase
inhibitors (36,37), although Jeong et al (38) reported that
SIRT1 enhances the NHEJ pathway by deacetylating and
activating KU70.

SIRT1 may also promote tumor invasion and metas-
tasis (39,40). Studies on breast cancer have revealed that SIRT1
can increase epithelial-to-mesenchymal transition (EMT) by
overexpressing related transcriptional factors, such as SNAIL
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Table I. Effects of SIRT1 on glycolysis in various tissues.

Regulation Promoting Inhibiting

Direct In pancreatic cancer, SIRT1 upregulates glucose transporters  In the liver, SIRT1, Forkhead box O3 and
and other critical enzymes; combination with GAPDH nuclear respiratory factor 1 form complexes,
keeps it in the cytoplasm and prevents it from entering increasing the expression of SIRT6, which
the nucleus. would silence glycolysis-associated genes.

Indirect Increases HIF-1a, c-Myc and liver kinase SIRT1 can deacetylate and inhibit the activity

B1-AMP-activated protein kinase-dependent glycolysis

of P300, and further decrease the transcription
of HIF-1a; inhibition of glycolysis by activating
peroxisome proliferator-activated receptor y
coactivator 1o and phosphoglycerate mutase 1

SIRT, sirtuin; HIF, hypoxia-inducible factor.

Table II. Effects of SIRT1 on lipid synthesis.

Regulation Promoting

Inhibiting

Direct

by SIRT1 increases the activity of ACSS1
Indirect -

Acetic acid is transferred into acetyl-CoA, a key enzyme of lipid
synthesis, under the action of ACSS1 and ACSS2. Deacetylation

The complexes of SIRT1 and SIRT6 inhibit
lipid synthesis

Inhibits the expression of sterol regulatory
element-binding proteins, increases
the expression of AMP-activated protein kinase.

SIRT, sirtuin; ACSS, acetyl-CoA synthetase.

Table III. Effects of SIRT1 on lipolysis.

Regulation Promoting Inhibiting

Direct - The complexes of SIRT1 and SIRT6 increase
lipolysis, providing more energy, and decrease
the use of glycolysis.

Indirect Activates peroxisome proliferator-activated receptor y -

coactivator 1a; upregulates the level of Forkhead box O1 and
further increases the activity of adipose triglyceride lipase.

SIRT, sirtuin.

and Twist, to encourage local infiltration and distant metas-
tasis (41-43). In addition, SIRT1 decreases the level of matrix
metalloproteinases (MMPs) through the TGFf pathway,
thereby reducing adhesion and connection among epithelial
cells and further promoting migration (43,44).

Chemotherapy and radiotherapy are widely used as adju-
vant postoperative treatments and they may prognosis. SIRT1
may be involved in resistance to treatment; however, a putative
mechanism has not been proposed. The cytotoxic effects of
platinum involve the formation of cross-links between double
strands of DNA or within a single strand of DNA; the repair

of these misconnections require activation of the nucleotide
excision repair (NER) pathway (45,46). SIRT1 promotes the
phosphorylation of the ATR serine/threonine kinase and
further increases the level of cAMP, which can enhance
NER (47). Therefore, SIRT1 may be associated with platinum
chemoresistance. Additionally, SIRT1 promotes glycolysis to
block the cell apoptosis induced by radiotherapy and promotes
cancer cell survival (48).

With the emergence of immunosuppressants, such
as programmed cell death-1 inhibitors and cytotoxic
T-lymphocyte-associated protein-4 inhibitors, immunotherapy
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Figure 1. Mechanism of PARPI in the treatment of ovarian cancer and the possible role of SIRT1. Synthetic lethality is the principle of PARPi; i.e., PARPi
cause SSB repair defects leading to DSBs. When HRD coexists, a large number of DSBs cannot be repaired or are erroneously repaired, which eventually
leads to cancer cell death. (A) SIRT1 interacts with PARP. SIRT1 reduces the level and function of PARP protein through transcription, post-translational
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tion repair. SIRT1 increases the activity of NBS1, ATM and H2AX through deacetylation and promotes HR. Furthermore, it promotes cell cycle arrest
and inhibits apoptosis, which promotes cell survival. When BRCAL1 is mutated, HR repair defects may be compensated to some extent by increasing the
expression of SIRT1. These findings indicate that SIRT1 may affect the therapeutic efficacy of PARPi. PARPi, poly(ADP-ribose) polymerase inhibitors;
SSBs, single-strand breaks; DSBs, double-strand breaks; HRD, homologous recombination deficiency; NAD*, nicotinamide adenine dinucleotide; XRCCI,
X-ray repair complementing defective repair in Chinese hamster cells 1; H2AX, histone H2AX; POLB, DNA polymerase-f§; ATR, ATR serine/threonine
kinase; ATM, ATM serine/threonine kinase; CHK1, checkpoint kinase 1; CHK?2, checkpoint kinase 2; PALB2, partner and localizer of BRCA2.

has an increasingly important role in the treatment of malig-
nancies (49). The human immune system recognizes and
kills tumor cells by a costimulatory signal, but a coinhibitory
signal may help these cells escape immune surveillance.
Immunosuppressants break inhibitory signals and reactivate
the immune system, enabling cytotoxic T lymphocytes (CTLs)
to recognize and kill tumor cells (50,51). In addition, cancer
cells can expose specific antigens after chemotherapy and
other treatments, triggering the immune response, such as
recruiting dendritic cells (DCs) and promoting their matura-
tion to present these antigens to CTLs (52-54). Moreover,
CTLs can produce a number of inflammatory factors, such
as interferon-y, and mediate the long-term effects of chemo-
therapy (54,55). SIRT1 may undermine the immune system
and indirectly change the effect of antitumor therapy. Research
focused on aging-related diseases has revealed that SIRT1 can
limit NF-xB pathway-mediated inflammation and reduce the
number of monocytes, which are the precursors of DCs and
other cells of the mononuclear phagocytic system (56-58).
Other studies have shown that stress increases SIRT1 expres-
sion and then changes the glucocorticoid level, which inhibits
the body's immune system (34), whereas exogenous adminis-
tration of glucocorticoids counteracts the antitumor effect of
SIRTI (59).

4. Role of SIRT1 in gynecological malignancies

Pathogenic effect

EC. Traditionally, EC is divided into two subtypes based on
its histological characteristics (60). Type I EC is endometrioid
EC (EEC), accounting for ~80% of all EC cases, whereas the
remaining histological patterns, such as serous and clear cell
EC, are classified as type II EC.

Researchers have detected significantly higher expression
of SIRT1 in EC cells (ECCs) compared with that in normal
endometrial cells, indicating that SIRT1 may contribute to the
onset of EC (61,62). However, Bartosch ef al (63) investigated
SIRT1 mRNA and protein expression by quantitative PCR and
immunohistochemistry, respectively, in 76 patients with EC
and 30 non-EC subjects, and found that SIRT1 mRNA was
underexpressed and SIRT1 protein was overexpressed in ECs.
Additionally, significantly lower levels of SIRT1 mRNA were
found in type II ECs compared with type I ECs, but no signifi-
cant associations were found between the SIRT1 protein level
and the histological subtype, grade, stage, or lymphovascular
invasion. These results suggest that the effects of SIRT1 on
the pathogenesis of EC are complex. Although the mechanism
through which SIRT1 promotes EC remains unclear, there are
significant correlations between SIRT1 expression and risk
factors for EC.

EECs are estrogen-dependent, as the exposure to a
continuous estrogen overload unopposed by progesterone
may lead to endometrial hyperplasia, which may evolve into
complex atypical hyperplasia and, eventually, progress into
cancer (6,64). The ER pathway is the traditional pathway for
17B-estradiol (E2) (65), which is activated by the binding of
E2 to ERa; the E2-ER complexes bind to the promoters of
target genes in the nucleus to regulate transcription with the
help of coactivators, such as P300, PPARYy and PPARY coacti-
vator la, leading to cancer onset and progression (66-68).
The ER pathway is also linked to other signaling pathways,
such as the EGFR, PI3K and ERK pathways (69,70). In addi-
tion to participating in the ER pathway, E2 can also bind to
G-protein coupled receptors (GPCRs) to exert similar effects
quickly through a non-classical pathway when ER is not
expressed (71).
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SIRT1 affects the expression of ERa and the secretion
of E2, resulting in the development and maintenance of
estrogen-related cancer: E2-ERa complexes promote the
expression of SIRT1, which is consistent with the observa-
tion that SIRTI is overexpressed in most ERa-positive breast
cancer samples (72). In turn, SIRT1 increases the ERa level to
enhance the carcinogenic effect of estrogen, forming a posi-
tive feedback loop. Similarly, the SIRT1 inhibitor reduces the
levels of ERa and interferes with cellular proliferation (73),
and E2-GPCR complexes have a parallel function (74). Most
importantly, SIRT1 directly facilitates the secretion of E2 by
proliferating the expression and function of aromatase (75).
However, several studies have indicated that SIRT1 may
suppress the function of ERa (34,76,77).

Other risk factors for ECCs are obesity, diabetes and
hypertension (6), and the roles of SIRT1 in these diseases
have been described in the literature. SIRT1 has been shown
to induce mitochondrial-related gene expression and help
maintain a healthy weight in mice (78). In animals fed a
high-fat, high-sugar diet, SIRT1 improves insulin sensitivity,
maintains a normal glucose level in the plasma, and reduces
the complications of diabetes (79,80). Insulin secretion is an
ATP-dependent process (81), while SIRT1 can increase the
level of ATP by inhibiting UCP2 to promote insulin secretion
and activate NeuroD and MafA, two transcription factors that
promote insulin synthesis (82,83). In addition, SIRT1 can
reduce the levels of low-density lipoprotein and cholesterol,
increase high-density lipoprotein, obstruct lipid oxidation,
platelet aggregation and vascular smooth muscle cell prolifera-
tion, and protect cardiovascular cells (84).

Molecular studies have identified PTEN mutation as the
most common gene mutation driving EEC, and the PI3K/AKT
pathway is known to be affected by PTEN (6). SIRT1 has
been shown to inhibit the function of the PTEN protein by
deacetylation, thereby activating the PI3K/AKT pathway (85),
indicating that SIRT1 may directly promote the development
of precancerous lesions.

Type II ECs are usually estrogen-independent, and age is
the main risk factor (6). SIRT1 increases the lifespan and resists
aging in disparate species, as it is involved in the morphology
and function of telomerase (86). p53 acts as a cancer-driving
gene in type II ECs (6), while SIRT1 can limit the expression
and function of p53.

Cervical cancer. Close to 100% of cervical cancer cases
are caused by high-risk HPV, with HPV16 and HPVIS8
being responsible for 70% of the cases (5). HPV is a small
double-stranded DNA virus encoding eight proteins (early
stage: E1, E2 and E4-E7; late-stage: L1 and L2), among which
E6 and E7 are responsible for progression from cervical
intraepithelial neoplasia to cancer (87,88).

SIRT1 is overexpressed in squamous intraepithelial
neoplasia and squamous cell carcinoma (SCC), and its
expression is increased in advanced illness (89,90). Extensive
variation in SIRT1 expression in SCC from low to high
suggests that SIRT1 may be an indicator of early lesions (90).
Possible causes for the facilitating effect of SIRT1 on cervical
cancer are shown in Fig. 2.

SIRT1 cooperates with the E1 and E2 proteins to ensure the
quantity and high fidelity of HPV genome replication (91,92).

When infected with HPV, cervical epithelial cells undergo
DNA damage, leading to the recruitment of DDR-associated
proteins at the E1-E2 binding position in the nucleus and the
initiation of HR-dependent replication (5,87,88). SIRT1 is a
component of the E1-E2 replication complex and a necessary
molecule for initiating replication (91). DDR also stimulates
the transcription of SIRT1, which deacetylates Nbsl and then
activates ATM; these processes are followed by the recruit-
ment of the MRN complex and the enhancement of replication.
Furthermore, deacetylated Werner helicase displays a greater
ability to work with El1 and E2, guaranteeing the fidelity of
viral replication (92).

As the downstream target of E7, SIRT1 protects
HPV-infected cells from aging and apoptosis (93,94). E6 lowers
the level of p53 and further inhibits cell apoptosis, while the
expression of retinoblastoma protein (e.g., pRb) is affected by
E7; these proteins contribute to cell cycle regulation. Both p53
and pRb are essential factors for the survival and proliferation
of cervical cancer cells (87,88). E7 upregulates SIRT1, and the
latter reduces apoptosis by deacetylating target proteins, such
as FOXO3 and p53. By contrast, SIRT1 has been shown to be
significantly downregulated after E7 knockout, and specific
knockout of SIRT1 has been shown to induce tumor cell
death (93,94).

SIRT1 may also help infected cells escape innate antiviral
immune responses in mammals (95). The overexpression of
SIRT1 in tumor cells suppresses the transcription of absent
in melanoma 2 (AIM?2), a key factor of antiviral immunity,
by NF-kB. When SIRT1 is suppressed, the levels of AIM?2
and associated inflammasome genes increase and lead to
infected cell death through the immune response. Of note,
SITR1-knockout cells release vesicles containing AIM2 and
inflammasomes, which can be transferred to adjacent cells and
cause cell death, demonstrating that the role of SIRT1 is not
confined to a single cell.

OC.The function of SIRT1 in epithelial OC displays significant
heterogeneity. Differentially expressed genes and differential
expression network analyses of the ArrayExpress database
have revealed that SIRT1 is a hub gene and pathogenic gene for
OC (96). Studies based on the Hendrix, GEPIA and Bonome
databases show the same expression pattern of SIRT1 (97).
However, Kanda et al (98) reported that SIRT1 is upregulated
in epithelial OC, and peptide analysis of the plasma verified
that the level of SIRT1 precursor is higher in patients with OC
compared with that in healthy participants (99).

This heterogeneity may be attributed to tumor compo-
nents. SIRT1 expression is significantly lower in cancer cells
compared with that in stromal cells (100). In tumor cells,
SIRT1 deacetylates and inhibits high mobility group box 1,
a multifunctional chromosome-related protein that promotes
the occurrence and development of OC, which results in the
inhibition of metastasis and angiogenesis (101).

In addition, different pathological types of OC may also
express varying levels of SIRT1. A study demonstrated that
SIRT1 was significantly increased in serous OC (SOC),
but its level was not associated with disease stage or grade,
suggesting that SIRT1 may facilitate tumorigenesis rather
than progression (98). However, another study demonstrated
that SOC exhibited the same level of SIRT1 as normal tissues,
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and that this pattern was due to the high mutation frequency
of p53 in SOC, which limits the effect of p53 deacetylation
on tumor promotion (102). In addition, SIRT1 may be associ-
ated with malignant transformation in endometriosis, given
its high expression in endometriosis, endometrioid OC and
clear cell OC (102). Ovarian sex cord-stromal tumors may also
be associated with SIRT1. In granulosa cell tumors, SIRT1
deacylates and inhibits FOXL2, causing cell cycle arrest and
DDR, which promotes tumorigenesis, whereas nicotinamide,
a SIRT suppressor, inhibits tumor cell proliferation (103).
Furthermore, SIRT1 has been shown to be overexpressed in
yolk sac cell tumors, which promotes tumor cell proliferation
and differentiation and maintains the germ cell state, which
may cause recurrence, whereas SIRT1 inhibitors have been
shown to inhibit differentiation and invasiveness (104).

Tumor development

EC. SIRT1 overexpression promotes EC progression, which
is inhibited by specific SIRT1 inhibitors (61). As a synthetic
inhibitor of histone deacetylase, MHY?2256 can significantly
decrease SIRT1 levels, thereby increasing the levels and activi-
ties of p53, p21 and other cell cycle proteins, which induce
autophagy and apoptosis (105). The cancer-promoting effect
of SIRT1 may also stem from metabolic changes. SIRT1 can

increase the expression of SREBP-1, a nuclear lipogenic tran-
scription factor, and promote the biosynthesis of fatty acids
and triglycerides (62). However, miR-29c can bind to the 3'
untranslated region of SIRT1 and inhibit its expression, causing
cell death (106); by contrast, OGFRP1, a long non-coding (Inc)
RNA, has the capacity to reduce the production of miR-124-3p
and further increase the level of SIRT1 in cancer cells, thereby
promoting invasion and metastasis of ECs (107).

Cervical cancer. SIRT1 promotes the metastasis of cervical
cancer. A decrease in miR-29 in malignant cells can reduce
SIRT1 transcriptional suppression; the resulting increased
levels of SIRT1 can promote EMT by increasing the expres-
sion and activity of MMP9 and enhancing cell migration and
invasion (108,109). The IncRNA TUGI, which is upregulated
in cancer cells and may act as a molecular sponge, can bind to
miR-138-5p and amplify SIRT1, leading to cell proliferation
via the Wnt/B-catenin pathway (110), whereas the overexpres-
sion of miR-138-5p can inhibit the transcription of SIRT1
and further arrest cells in the GO/G1 phase, thereby inducing
apoptosis (111). However, it has been shown that, when pyru-
vate augments the binding between the histone gene promoter
and SIRT]I, heterochromatin density and genome imbalance
suppress cell proliferation (112).
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OC. SIRT]1 plays a dual role in OC metastasis. SIRT1 may
promote tumor metastasis. The deacetylation of cortactin
mediated by SIRT1 increases the expression of vimentin, a
mesenchymal cell marker, and reduces that of E-cadherin,
an epithelial cell marker, thereby promoting EMT and tumor
cell migration (113,114). SIRT1 expression has been shown to
be correlated with ER expression and to impact the effect of
E2-ER complexes on EMT (115). Amyotrophic lateral scle-
rosis, hypoxia and 15d-PGJ2 induce apoptosis and reduce the
migration of cells due to the reduced levels of SIRT1 (116-118).
However, other research has indicated that higher levels of
SIRT1 in OC suppress invasion and metastasis by increasing
the epithelial phenotype (119). SIRT1 deacetylates and activates
KLF4, which binds to the CLDN5 promoter to maintain the
characteristics of epithelial cells (120). SIRT1 can also lower
the EMT-inducing zinc finger E-box binding homeobox 1
by deacetylating hypoxia-inducible factor (HIF)la (121).
Rikkunshito, a Japanese herbal medicine, can decrease EMT
by stimulating the expression of SIRT1 (98).

SIRT1 also has opposing roles in OC cell proliferation.
SIRT1 reduces the levels of reactive oxygen species, promoting
tumor cell proliferation and reducing apoptosis (122). miR-494
and artesunate accelerate cell death by downregulating
SIRT1 (123,124). Additionally, 15-deoxy-A12,14-prostaglandin
J2, a SIRT1 inhibitor, and its derivatives exert anticancer
effects by blocking the cell cycle and triggering apoptosis
and autophagy (125). Calorie restriction and metformin have
been shown to increase the expression of SIRT1 in a mouse
model and cause significant decreases in the tumor load in the
peritoneum, liver, kidney, spleen and intestine; furthermore,
growth factors, such as insulin-like growth factor-1, insulin,
interleukin-1, monocyte chemoattractant protein-1 and vascular
endothelial growth factor, in the plasma and ascitic fluid have
been found to decrease the expression of SIRT1 (126,127).

Treatment

EC. Chemotherapy is a crucial method for the postoperative
adjuvant therapy of EC, and SIRT1 is closely associated with
platinum and paclitaxel resistance (61). Progesterone therapy
is another common adjuvant treatment; it is used mainly as
conservative treatment of patients who wish to preserve their
fertility and as adjuvant treatment for patients with advanced
disease (6). Researchers have found that SIRT1 is overex-
pressed in medroxyprogesterone acetate (MPA)-resistant
tumors and that the level of progesterone receptor (PR) expres-
sion is decreased in those tumors (128). It has been found that,
after SIRT1 is knocked out, the levels of PR are restored and
tumor sensitivity to MPA is recovered, indicating that SIRT1
participates in progesterone resistance.

Cervical cancer. SIRT1 has been shown to increase multi-
drug resistance-associated protein (MRP) expression on
the cell membrane, inducing chemotherapy resistance in
paclitaxel-resistant tumor cells (129). In addition, SIRT1 is
partly responsible for the transformation of chemoresistance,
as it transfers deacetylated FOXO1 and ATP-binding cassette
transporter p-glycoprotein and MRP to neighboring cells (130).
Moreover, SIRT1 induces p53-dependent chemoresistance by
p53 deacetylation; for example, the response to doxorubicin
was shown to be restored in SIRT1-knockout cells (131).

Surgery after two to three cycles of neoadjuvant chemo-
therapy (NACT) is an alternative treatment for patients
with locally advanced cervical cancer whose tumors are too
large to operate or are at an inoperable stage (3). Currently,
clinicians lack predictive indicators for evaluating NACT
efficiency; therefore, disease progression during NACT may
occur in some patients. SIRT1 may be used as such a predictor.
Teramae et al (132) divided patients with locally advanced
cervical cancer who had received NACT into two groups
based on the level of SIRT1; the weighted score of the low
group was <4, whereas that of the high group was =6. They
found that the patients in the low-SIRT1 group significantly
benefited from NACT, indicating that an elevated SIRT1 level
is a negative indicator of NACT.

OC. SIRT1 is highly expressed in SOC patients with
chemoresistance. Its high expression in these patients is
due to its stimulating effect on MRP (133,134). Cancer stem
cells (CSCs) are a possible source of drug resistance and a
cause of relapse in malignant tumors. Researchers have
found that the percentage of EpCAM*CD45* (CSC potential
surface marker) cells in ascites is increased in patients with
high-SIRT1 expression, and that hypoxia increases SIRT1
levels by affecting HIF1a and NF-«B, thereby maintaining the
stemness characteristics of CSCs (135). Following exposure to
cytotoxic drugs, intracellular SIRT1 levels have been shown
to be upregulated and to further improve the transcription of
stemness-associated genes, leading to acquired chemotherapy
resistance (114).

Recently, PARPi, which cause defects in single-strand
break repair, have become the most promising targeted
drugs for OC and were recommended by the National
Comprehensive Cancer Network guidelines as first-line
maintenance therapy (136). PARPi kill tumor cells when
HR defects exist, of which the BRCA mutation is the most
common, also known as ‘synthetic lethality’ (Fig. 1) (137).
Moreover, the damage caused by the continuous binding of
PARP-PARPi to DNA is far more lethal than the reduction in
PARP protein; therefore, the amount and function of PARP
proteins are crucial for PARPi efficacy (138). SIRT1 may
suppress the synthesis and function of PARP (139) and impair
the therapeutic effect of PARPi (Fig. 1). As both PARP and
SIRT1 require NAD", they have a competitive relationship.
SIRT1 can post-translationally modify PARP and affect
its function; when overexpressed, SIRT1 can deacetylate
PARP-1 and inhibit its function; SIRT1 can also specifically
bind to the promoter of PARP and inhibit its transcription.
In addition, SIRT1 promotes HR repair and impedes PARPi
(Fig. 1). Notably, the loss of the BRCA1 function increases
NAD* synthesis and SIRT1 activity, suggesting that SIRT1
may partially compensate for the HR repair effect when
BRCALI is defective (140).

Prognosis. There is abundant evidence suggesting that SIRT1
overexpression is responsible for poor prognosis in EC (61),
cervical cancer (95,108,110) and OC (97,98,102). After HPV
infection of cervical epithelial cells, increased SIRT1 expres-
sion is closely associated with poor prognosis. Similarly,
decreases in miR-29a and miR-138-5p levels lead to an
increase in SIRT1 levels and poor prognosis. High levels of
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SIRT1 in OC, particularly SOC, are associated with reduc-
tions in the progression-free and overall survival of patients
with OC.

5. Conclusions

The present review summarized the possible pathogenic
role of SIRT1 in malignant tumors, which involves DDR
and metabolism. The articles included in this review were
focused on different pathways and factors. As a result, SIRT1
was shown to serve a dual role in cancer promotion as well
as cancer suppression. In addition, the functions of SIRT1 in
non-gynecological malignancies are discussed in the present
review, and exhibit tissue specificity. Furthermore, in this
review, the possible roles of SIRT1 in the occurrence, devel-
opment and treatment of gynecological malignancies were
discussed. Although the role of SIRT1 in the pathogenesis of
cervical cancer has been elucidated, further research is needed
to understand the mechanisms underlying the involvement of
SIRTI in EC and OC. SIRT1 is associated with multiple risk
factors for EC, such as high estrogen levels, hypertension, meta-
bolic syndrome, driving mutations, and disruptions in certain
signaling pathways; we herein aimed to summarize gaps in
research and identify topics for further research. Additionally,
SIRT1 is associated with the invasiveness, metastasis and
treatment resistance of tumors. Therefore, SIRT1 may serve
as an indicator of poor prognosis and as a target for cancer
treatment. Most importantly, we herein highlighted the ability
of SIRT1 to interact with PARPi. Since SIRT1 counteracts the
therapeutic effect of PARPI, it was hypothesized that SIRT1
inhibitors may act synergistically with PARPi; however, the
application of PARPi and SIRT1 inhibitors in OC requires
further investigation. Finally, although SIRT]1 is involved in
the stemness regulation of CSCs, no articles on the niche of
CSCs and SIRT1 were found. However, we observed that the
role of SIRT1 in the CSC niche had become a research hotspot
for other types of cancer, such as breast, lung and gastrointes-
tinal cancer; therefore, it may represent a promising topic for
future research in the field of gynecological oncology.
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