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Abstract: Cancer is a big group of diseases and one of the leading causes of mortality worldwide. Despite enormous 
studies and efforts are being carried out in understanding the cancer and developing drugs against tumorigenesis, 
drug resistance is the main obstacle in cancer treatments. Chemotherapeutic treatment is an important part of 
cancer treatment and drug resistance is getting gradually multidimensional with the advancement of studies in 
cancer. The underlying mechanisms of drug resistance are largely unknown. Sirtuin1 (SIRT1) is a type of the Class III 
histone deacetylase family that is distinctively dependent on nicotinamide adenine dinucleotide (NAD+) for catalysis 
reaction. SIRT1 is a molecule which upon upregulation directly influences tumor progression, metastasis, tumor cell 
apoptosis, autophagy, DNA repair, as well as other interlinked tumorigenesis mechanism. It is involved in drug me-
tabolism, apoptosis, DNA damage, DNA repair, and autophagy, which are key hallmarks of drug resistance and may 
contribute to multidrug resistance. Thus, understanding the role of SIRT1 in drug resistance could be important. 
This study focuses on the SIRT1 based mechanisms that might be a potential underlying approach in the develop-
ment of cancer drug resistance and could be a potential target for drug development.
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Introduction

With decades of potential studies of cancer 
development, cancer is one of the most com-
mon disease in worldwide, including in less and 
more developed countries, with an assessed 
18.1 million new cases and 9.1 million deaths 
were reported in 2018 [1]. Cancer development 
and progression, diagnosis and cancer treat-
ment has advanced but still cancer multidrug 
resistance (MDR) remains a big obstacle for 
effective treatment of cancer. In cancer study, 
chemotherapeutic based treatment is the 
mainstay of treatment for several malignancies 
at different stages. As we study cancer devel-
opment and treatment, often, cancer becomes 
resistant to the drug that’s why investigators 
think about drug resistance mechanisms and 
then to reach this clue that drug resistance is a 
vast and complex mechanism. However, the 
chemotherapeutics resistance mechanism in 

cancer development has become gradually 
multifaceted and it is still not well understood. 
To overcome these limitations, we need to 
emphasis on how tumor cells regulate their cell 
signaling and metabolic pathways to inhibit 
drug penetration or assist the efflux of accumu-
lated drugs in cancer cells [2]. Several studies 
have interlinked with the upregulation of differ-
ent genes to promote the development of drug 
resistance that are associated with drugs pen-
etration of cancer cells, or by altered membrane 
transport pathway, anti-apoptotic and enhanced 
DNA repair, modification of target molecules 
such as enzymatic deactivation that act to 
directly regulate gene transcription [3].

SIRT1 is a member of the histone deacetylase 
class III (HDAC) family that is distinctively 
dependent enzyme on nicotinamide adenine 
dinucleotide (NAD+) for catalysis reaction. The 
enzyme was first discovered in a yeast [4], fur-
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ther, it has been found in various organisms 
throughout evolution from bacteria to humans. 
Human contains different HDACs III sirtuin iso-
forms, SIRT1 to SIRT7, all these sirtuins have 
homology to the SIR2 (silent information regula-
tor) yeast protein, which are distinguished by 
their various cellular enzymatic actions and 
sites [5]. Furthermore, sirtuins have been found 
in Drosophila melanogaster to increase the 
lifespan and control genomic instability [6]. It 
can regulate chromatin protein via deacety-
lation of histones and alterations in the meth-
ylation of histones, thereby regulating target 
gene expression and leading to post transcrip-
tional modification with resultant silencing [7]. 
SIRT1 protein contains two export channels, 
one is nuclear localization signals (NLS) and 
another is nuclear export signals (NES), that 
permits the transporting of SIRT1 protein be- 
tween the cytoplasm and the nucleus, depend-
ing on the type of cellular state [8]. Inclusive 
studies over the earlier decade have been 
shown SIRT1 is a big player associated in the 
regulation of various biological functions includ-
ing cellular senescence and aging, gene expres-
sion, proliferation, differentiation, metabolism, 
carcinogenesis, and immune response [9-11].

SIRT1 overexpression has been identified in 
several tumors including lung cancer, prostate 
cancer, skin cancer, colon cancer, basal cell 
carcinoma, acute myeloid leukemia squamous 
cell carcinoma, actinic keratosis and Bowen’s 
disease [12-15]. Even though it has been a 
debatable issue whether it is as a tumor sup-
pressor or an oncogene, significant evidence 

ter understanding of the drug resistance path-
way. In this review, we highlight recent appro- 
aches of SIRT1 in multidrug resistant cancers, 
and how to overcome chemotherapeutics resis-
tance and advance cancer treatment.

SIRT1 mediated chemotherapeutics resis-
tance in cancer

Cancer cells are usually misbehaved; mainly, 
their metabolic and cell signaling mechanism is 
same as in normal human cells. Tumor cells are 
mostly resistant, not sensitive according to 
tumor contexts and drugs, it means the carci-
nomatous state has adopted reversible chang-
es that make the cells susceptible. British med-
ical oncologist Adrian Harris in 1985 has been 
pointed out first time that cancer cells act as 
vulnerable than normal cells and show a over-
sensitive reaction to chemotherapy [17]. More- 
over, neoadjuvant therapy of various solid 
tumors provided recent advances, when a drug 
enters into cells, first to shrink the tumor size or 
disappeared from the local site, but in some 
cases, especially metastases recurrent later 
[18, 19]. Here, we discuss how SIRT1 promotes 
resistance to drugs and enhanced tumorigene-
sis, it is essential to understand the basic 
mechanism of SIRT1 [20]. Biological studies 
have been further demonstrated that SIRT1 
deacetylates histone family proteins and non-
histone proteins, all these proteins are regula-
tors of numerous signaling pathways of cancer 
cells. All these catalytic reactions are taking 
place in the cytoplasm and nucleus, it monitors 

Figure 1. General mechanism of chemoresistance by SIRT1. Drug absorp-
tion, circulation, and abolition in cancer cells, SIRT1 regulates drug mecha-
nism to activation of DNA damage repair machinery and downregulate DNA 
damage and apoptosis pathway through promoting multidrug resistance 
and cell proliferation.

supports the SIRT1 overex-
pression in cancers acting as 
a tumor promoter. Most well 
studied of SIRT1 overexpres-
sion directly interlinked to 
intercellular epigenetics and 
coordinates with tumor pro-
gression, apoptosis, autopha-
gy, DNA repair, homeostasis, 
and its function probably to 
regulate tumorigenesis inter-
woven mechanism [16]. The 
general mechanism of drug 
resistance and SIRT1 is shown 
in Figure 1. Moreover, SIRT1 
functions to promote tumor 
resistance to drugs are un- 
clear, still need intense re- 
search to improvement a bet-
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various cellular pathways including transcrip-
tion, translation and post-translation modifica-
tions [21, 22]. SIRT1 overexpression has a vital 
role reported by previous study in a diversity of 
carcinoma including breast cancer [23, 24], 
prostate cancer [25], colorectal adenocarcino-
ma [26], gastroesophageal junction (GEJ) can-
cer [27], hepatocellular carcinoma (HCC) [28], 
gastric cancer [29], soft tissue sarcomas [30], 
pancreatic ductal adenocarcinoma [31], renal 
cell carcinoma [32] and non-small cell lung car-
cinoma [33, 34].

SIRT1 to have a significant role in positively 
regulating intrinsically resistant to response 
chemotherapy and energy states which is sub-
jected to controlling the cell death, this resis-
tance derives from the interaction with the 
FOXO proteins, transcription factors and p53 
can also modulate the mechanism of exoge-
nous stress [35, 36]. The association between 
FOXO1 and SIRT1, it is of prodigious value to 
understand the consequences of FOXO to can-
cer study overall. Here, we highlight the contri-
butions of FOXO family in tumorigenesis is very 
diverse depending on the cancer state and 

other regulated molecules that are involved. 
FOXO1 act as a main regulator of multidrug 
resistance 1 (MDR1) protein has been reported 
by previous studies [37]. Most likely, ATP-
binding cassette (ABC) protein is a member of 
membrane proteins of transporter family about 
49 members of this family involved to regulate 
the flux proteins around the plasma membrane 
of several structurally and physiologically relat-
ed chemotherapeutic drugs. All three proteins 
are multi-drug resistant proteins including 
P-glycoprotein and ABCB1 1 (identified as 
MDR1), breast cancer resistance protein and 
ABCG2 (BCRP) and MDR-associated protein 1. 
These proteins have a broad role to overlap 
with a substrate to promote the abolishment of 
several hydrophobic compounds including 
topoisomerase, taxanes, antimetabolites and 
inhibitors [38]. SIRT1 mediated chemoresis-
tance is shown in Figures 2 and 3. In addition, 
SIRT1 also promotes cancer cell progression 
and growth expansion, which are mediated via 
Myc activation, p53 inactivation, and epithelial-
to-mesenchymal transition. AMPKα facilitates 
SIRT1-dependent, hypoxia-induced chemore-
sistance in lung cancer and might to regulate 

Figure 2. SIRT1 pathway overview in chemoresistance cancer. SIRT1 is an NAD+-dependent histone deacetylase 
protein that modulates several pathways of chemoresistance cancer. Overexpression of SIRT1 promotes DNA dam-
age repair, antiapoptotic effects, confer cell proliferation and increases the function of chemoresistance in cells via 
protein regulators such as activators or inhibitors of SIRT1 have been described. The downstream activity targets 
deacetylation such as cellular metabolism, senescence, DNA repair and modulates the tumor microenvironment 
through multiple cell signaling pathways.
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tumor responses to other anticancer drugs 
reported by Shin et al. [39]. Although SIRT1 has 
not been widely explored in the context of che-
motherapy drugs, previous reported studies 
have been assisted the opinion that SIRT1 
plays an emerging role in tumor attainment of 
chemotherapeutics resistance [40, 41].

Mechanism of SIRT1 mediated chemothera-
peutic resistance

How SIRT1 regulates metabolism?

Metabolism is well connected to longevity and 
cell stability, health and diseases including dia-
betes, cardiovascular diseases, and cancer. 
Increasing evidences are supporting the di- 
verse role of SIRT1 in cellular metabolism and 
drug efflux, mitochondrial homeostasis, oxida-
tive stress, PGC-1α is a known target of SIRT1-
dependent deacetylation, is a transcriptional 
co-activator in several cell signaling pathways 

in metabolic activities. Previous experimental 
and clinical studies have exposed hypoxia to 
acquire resistance to chemotherapeutic drugs. 
As a whole, SIRT1 promotes cell progression 
and is challenged continually by hypoxic stress 
and they have their capability to ATP redeem-
able mode and maintain proliferation charac-
teristics [42].

The ability of SIRT1 to modulate various trans-
porter pro teins have been directly or indirectly 
interlinked to drug resistance to generally 
induced chemotherapeutics by stimulating 
efflux of drug, roles of other sirtuins 2-7 in met-
abolic remain poorly understood [43, 44]. The 
co-activator of SIRT1 also performs an essen-
tial role in regulating gluconeogenesis and oxi-
dation of fatty acids metabolic pathways. SIRT1 
as positively regulates Akt activation and insu-
lin at different levels of reactions and suppress 
the PTPN1 transcription, which is a suppressing 
of the insulin signal cascade [45]. However, 

Figure 3. SIRT1 role in cancer development and cell progression, invasion, metastasis and MDR. SIRT1 activates 
many pathways in tumorigenesis such as cancer progression, cell invasion and migration, metastasis and chemore-
sistance. SIRT1 overexpression subjected to regulate multiple pathways of cancer including metastatic cascade and 
invasion, tumor suppression and cell proliferation, enhances the stemness and modulates the tumor microenviron-
ment for multidrug resistance in cancer. Given all recent data discussed in above study about potential of SIRT1 to 
promote multidrug resistance mechanism and tumorigenesis has been summarized in this figure.
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reported studies has provided clues that SIRT1 
regulates the phosphoglycerate mutase-1 (PG- 
AM1) which inducing suppression of glycolytic 
proteins expression in response to fasting con-
dition and maintain energy balance under 
stress, as well as further suggesting SIRT1-
AMPK pathway could be associated to over-
come chemoresistance in lung cancer whether 
knockdown expression of SIRT1 [39, 46]. Xia et 
al. study determined that SIRT1 was highly 
expressed in cervical cancer than normal cells, 
significantly it means SIRT1 higher in PTX-
resistant cervical cancer tissues than in PTX-
sensitive cervical cancer tissues. In addition, 
they have observed that SIRT1 revealed overex-
pression levels in both PTX-resistant in vitro 
cell lines and patients tissue [47].

More recently, lipids metabolism including cho-
lesterols and fatty acids is a hallmark of cancer, 
by providing energy metabolism of structural 
blocks for the quickly dividing and enhancing 
cancer cells proliferation [48]. As a catalytic 
activity of SIRT1 to interrupt fatty acids regula-
tors such as sterol regulatory element-binding 
protein 1 and 2 (SREBP), which is associated to 
the transferring and biosynthesis of lipids ele-
ments to cell elongation [49]. In metabolism 
NAD+ is become a stress to a cell, SIRT1 tar-
gets SREBP1 for deacetylation and promotes 
carcinogenesis and chemoresistance to anti-
cancer therapy [50]. Moreover, SIRT1 is a well-
known metabolic homeostasis gene that regu-
lates metabolic syndromes, such as diabetes 
type 2, and is correlated to the initiation of sev-
eral metabolic disorders. Consistently, in vivo 
and in vitro studies have been demonstrated 
SIRT1 overexpression by SIRT1 activators 
(SRT1720 and resveratrol) which can promote 
insulin and obesity induced liver resistance to 
cancer cells [51]. Furthermore, in vitro study on 
H460 and A549 cell lines of lung cancer indi-
cated SIRT1 regulates apoptosis, radiation, and 
drug sensitization through cell signaling SIRT1/
NF-κB/Smac pathway. In summary, SIRT1 has 
been elucidated in modulating cell progression 
and stress responses, and it shows to play an 
important role in regulating energy metabo-
lism, tumorigenesis and resistance to chemo-
radio therapy [52].

SIRT1 enhances DNA damage repair machin-
ery and downregulate apoptosis

For a detailed understanding of SIRT1 in main-
taining genomic integrity which is important for 

chemotherapeutics resistance to cancer and 
other genetic disorders. SIRT1 deacetylase is 
linked to various DNA damage repair genes, 
such as NBS1, Werner helicase, nucleotide 
excision repair (NER), homologous recombina-
tion (HR) non-homologous end joining (NHEJ), 
base excision repair (BER), mismatch repair 
(MMR), and inter-strand crosslink (ICL) repair. 
Chemotherapeutic drugs induce DNA damage 
either directly or indirectly to a cancer cell. 
Currently, we have found that SIRT1 deacety-
lated XRCC1 and increased expression of 
XRCC1 to promotes chemoresistance in H460 
lung cancer cell line [53]. However, SIRT1 over-
expression plays a central role into suppres-
sion of apoptosis, DNA damage, the DNA dam-
age repair capability of tumor cells has a key 
role in the efficiency of anticancer agents [54-
57]. Cell cycle arrest is induced by DNA damage 
which has switched on to various transcription-
al factors to allow cell clock to repair the genet-
ic gaps. Using genetic modified mice of adeno-
carcinoma and prostate (TRAMP), we also con-
firmed the effect of melatonin, significantly 
inhibited PCa tumor growth through SIRT1 inhi-
bition [58].

In several cancers, e cell cycle regulation is dis-
rupted by-self to gain mutational changes to 
oncogenes or to tumor suppres sor genes. The 
detailed role of histone deacetylases on cell 
signaling mechanism of DNA damage and 
repair in cancer cells and genotoxin based 
resistance chemotherapy was reviewed by 
Roos et al. [57].

p53 deacetylation by SIRT1 play a significant 
role to regulating several checkpoints of cell 
cycle and inhibits apoptosis through E2F1 and 
promotes to suppression of DNA damage [59, 
60]. Previous studies have been demonstrated 
SIRT1 regulates all above these pathways in 
different tumors through deacetylating of  
Ku70, Nijmegen breakage syndrome protein 
(NBS1) and apurinic/apyrimidinic endonucle-
ase-1 (APE1) proteins [61-63]. These pathways 
are highly resistant to chemotherapy in adult 
T-cell leukemia-lymphoma (ATL), both in vitro 
and in vivo. Previous findings, NHEJ and HR 
both are deceased due to knockout of KU70 
and dephosphorylation of SIRT1, accompanied 
with an overexpressed level of SHP-1, which is 
a dephosphorylation enzyme [64]. Moreover, 
the DNA damage repair mechanism study in 
Chinese hamster ovary cells and rat Sertoli 
cells are treated with Microcystin-leucine argi-
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nine to induce apoptosis, suppressing acetyla-
tion of p53 and Ku70, and promoting the bind-
ing effect of Ku70 with Bax by suppression of 
SIRT1/p53 pathway [65].

While in vivo study of homozygous and hetrozy-
gous SIRT1 mutation in genetic modified mice 
skin, increases expression of Noxa and p53 
acetylation, and UVB sensitizes to the epider-
mis and induced apoptosis through DNA dam-
age, whereas heterozygous SIRT1 has no sig-
nificant effect on mouse skin. SIRT1 role in cell 
proliferation and DNA damage repair is stable 
with the dual functions of SIRT1 in UVB-induced 
tumorigenesis [66]. Further investigation has 
been confirmed both in vitro and in vivo that 
SIRT1 specific deletion in mice skin regulates 
invasion, cell migration, inflammation, granula-
tion formation, re-epithelialization of epider-
mis, and appropriate wounds healing [67]. 
Downregulating DNA damage repair expression 
in tumor cells is a target approach to combine 
with DNA damaging drugs. Furthermore, carci-
nomas commonly have been developed due to 
dysfunction in at least one pathway which regu-
lates by DNA damage machinery, which can 
lead to whole mechanism using a different 
repair pathway which is functionally deceased 
in normal human cells. PARP1 inhibitors could 
be reduced homologous recombination DNA 
repair pathways in BRCA1/BRCA2 mutant cells, 
these cells are sensitive to therapy due to their 
impaired [68].

It has been found that SIRT1 downregulation in 
T-cell leukemia-lymphoma (ATL) enhances sen-
sitivity to chemotherapeutics drugs, apoptosis 
and cell cycle arrest. Further investigated SIRT1 
promotes DNA damage repair by increased 
Ku70 and FOXO1 deacetylation [69]. We 
focused on SIRT1 deacetylase activity in cell 
genotoxic stress, such as senescence, apopto-
sis, and tumorigenesis, and its major function 
in the APE1 deacetylation. APE1 is a subunit of 
a multiprotein complex such as Ku70, RNA Pol 
II and hOGG1, which is involved as an activator 
on the promoter of SIRT1 to regulate functions 
of SIRT1 during the early metabolic redox 
response to stress [70]. However, the role of 
SIRT1 in longevity related with telomere gene 
and XRCC6, they have a diverse impact on the 
alternative pathways of telomere maintenance 
to aging and cell growth [71]. Recently, sub-
stantial progress has been investigated SIRT1 
promotes expression of xeroderma pigmento-

sum complementation group A (XPA) deacety-
lation and enhances its binding with ataxia tel-
angiectasia-mutated and Rad3-related (ATR) 
protein, increased cAMP-induced DNA repair 
responses mainly NER through MC1R signaling 
partway [72]. DNA damage repair by BER which 
is associated with SIRT1, SIRT1 activates its 
endonuclease activity of POLβ by increasing its 
interaction with XRCC1 through APE1 and it 
defends cells from base excision by H2O2 and 
MMS [63]. However, a recent study shown that 
breast cancer cells are modulating SIRT1/β-
catenin signaling pathways, they are resistant 
to doxorubicin (DOX) effectively inhibited apop-
tosis and promotes cell growth and DNA dam-
age repair [73].

Moreover, Wei et al. found SIRT1 overexpres-
sion in MCF-7/ADR breast cancer resistant 
cells/which enhanced the Akt pathway to pro-
mote cell growth [74]. SIRT1 expression was 
positively regulated p125 and suggests that 
SIRT1 is a tumor promoter gene that might be 
involved in the development of breast cancer 
by downregulating of p53 and upregulating of 
DNA polymerase delta1 (POLD1) [75]. In short, 
the role of SIRT1 in the study of functional 
genomics and proteomic, analytical develop-
ments have concluded in a significant SIRT1 
increases, in our capability to detect novel cell 
signaling pathways that are associated in 
describing the responding of tumors to specific 
therapeutic agent. There are sufficient evi-
dence while deactivation of apoptosis is a hall-
mark of cancer and could be promote to thera-
py resistance, can cer cells naturally act ‘auton-
omous’ as to appropriately antiapoptotic pro-
teins for their survival and progression, as long 
as a suitable environment for promoting these 
proteins as therapeutics. BCL-2 is a member of 
antiapoptotic family, it is most prominent in 
drug resistance cancer due to elevated levels 
of SIRT1 expression in a huge range of cancers. 
Clinically studies have been investigated, SIRT1 
is positively linked to PRRX1in breast cancer 
although KLF4 is reversely correlated [76].

Mutations, genetic translocations, amplifica-
tion and overexpression of the transcriptional 
and translational coding genes, all these pro-
teins are involved in several diseases and relat-
ed to targeted chemoresist ance. In chemore-
sistance, death receptor (DR)-mediated apop-
tosis and the death ligand TRAIL has been 
interesting as potential endured extensive pre-
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clinical and clinical testing for cancer cells 
death [77-79]. In detail study of SIRT1 activa-
tion in cancer investigated that the SIRT1 role 
is still undefined whether SIRT1 overexpression 
is beneficial or harmful in cancer growth and 
the aging process. However, HIC1 is a tumor 
suppressor gene could be controlled SIRT1 
transcription, they have determined in cancer 
cells and xenograft models, to identify, it is a 
ring shape like regulator among HIC1, p53 and 
SIRT1, in which repression of SIRT1 transcrip-
tion by directly HIC1 [80]. Meanwhile, it has 
been indicated that SIRT1 and p53 in lung 
adenocarci noma and squamous carcinoma 
patients, and found a stable complex among 
transcription regulator and SIRT1 to inhibit the 
expression of SIRT1, consequently persuading 
apoptosis in cells by oxidase [81, 82]. SIRT1 
might be a promising as a functional positive 
regulator of USP22 that may induce cell prolif-
eration and upregulate MDR proteins to 
enhance resistance to chemotherapy in HCC. 
Notably, studies revealed SIRT1 directly inter-
acted with USP22, both SIRT1 and USP22 sig-
nificantly influenced on the AKT and MRP1 
pathway. So, we found that USP22 might be 
promoting MDR and antiapoptotic activity in 
HCC by inducing AKT/MRP1/SIRT1 pathway 
[83]. Although, PI3K/AKT pathway and FOX 
O3a, EGR1 signaling cascade was enhanced 
and driven to apoptosis by inhibition of SIRT1 
expression and AKT/p300 regulate via Bim 
suppression in lung cancer [84]. Further inves-
tigation has been examined mRNA of SIRT1 
which positively links with growth factor, SIRT1 
deacetylation leading to upregulate transcrip-
tional and translational YAP2/TEAD4 level and 
cell growth progression in HCC cells [85]. 
Moreover, SIRT1 downregulated the apoptosis 
including Smac/NF-κB pathway and promotes 
DNA damage repair in lung cancer [52]. Lian et 
al. reported SIRT1 overexpression enhanced 
resistance to colorectal cancer due to tumor 
necrosis factor-related apoptosis-inducing li- 
gand (TRAIL). It has been shown that inhibition 
of SIRT1 enhanced the expression of ROS and 
DR5 frequently through miR-128 directly tar-
geted SIRT1 [86]. It is often stated that SIRT1 
also activates anti-apoptosis protein BCL6 for 
the progression and survival of lymphoma [87]. 
However, anti-apoptotic BCL-2 family member 
has limited effec tiveness to resistance mecha-
nisms most notably due to another. ABT-737 
weakly interacts with MCL1 and it promotes 

resistance which has been observed in MCL1 
expressing cells [88-91]. We could restore sen-
sitivity to ABT-737 whether downregulating of 
MCL1. MCL1 is a remarkably significant resis-
tance to ABT-737, and is also resistance to 
decrease cytotoxicity of anticancer drug [92]. 
SIRT1mediated overview in chemotherapeutics 
resistance mechanism in cancer is shown in 
Figure 2.

SIRT1 is a regulator of autophagy

Autophagy is lysosomal destruction of a cellu-
lar pathway that degrades proteins and cell 
organelles to maintain homeostasis during 
metabolic stress. Significant evidence have 
reported autophagy has a vital role in tumori-
genesis is paradoxical as its role both tumor 
suppressor as well chemoresistance by facili-
tating tumor survival and cell progression under 
stress condition caused by anticancer thera-
peutic agents [93]. Xiong et al. has been inves-
tigated the role of autophagy in chemoresis-
tance HCC such as pirarubicin (THP), oxaliplatin 
and 5-fluorouracil, which is regulated by SIRT1 
linked with HULC and USP22. Collectively, HULC 
lncRNA is overexpressed in liver carcinoma and 
revealed that SIRT1/HULC/USP22 is a protect-
ing autophagy signaling pathway to overcome 
the sensitivity of HCC cells to chemotherapeu-
tics [94]. SIRT1 induced resistant to doxorubi-
cin in breast cancer due to deacetylation of 
p53, natural anticancer Psammaplin A (PsA) 
product is markedly beneficial to suppress 
SIRT1 and arrest cell cycle in G2/M phase. 
Overexpression of autophagy-related proteins 
has been increased significantly the expression 
of DNA damage-regulated autophagy modula-
tor (DRAM) and p53, through SIRT1 in MCF-7/R 
breast cancer cell line [95]. SIRT1 plays an 
important role in the autophagy, it reduces 
H2O2 oxidative stress and linked ROS which is 
particularly dependent on metabolic reactions 
and mediated with class III PI3K/Beclin-1 and 
mTOR signaling pathways [96]. Guanglin et al. 
have been reported that SIRT1 is a potential 
marker for diagnosis because it is a mediator of 
drug resistance through epithelial-mesenchy-
mal transition (EMT) pathway, cell invasion and 
mcell migration. Autophagy can regulate a cell-
survival mechanism, the functionality of SIRT1 
is defined by several features such as the  
tumor initiation, cell morphology and resis-
tance to drugs. Remarkably, SIRT1 regulates 
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the autophagy pathway in gastric cancer 
through the deacetylation of several genes 
involved in autophagy [29]. Xie et al., found 
klotho tumor suppressor gene epigenetically 
activated in gastric cancer cells, it is stimulat-
ing (IGF1/IRS1)/phospho-inositide 3-kinase 
(PI3K)/Akt/mTOR which is associated with 
autophagy, apoptosis, and cell progression 
pathway [97].

SIRT1 increases autophagic flux in prostate 
cancer and decreases p62 protein expression 
and also upregulate Rab7, it is a small molecule 
that promotes late autophagosome fusion pro-
cess by the activating deacetylation of FoxO1 
under stress conditions due to starvation [25, 
98, 99]. MGC803, SGC7901 cells, and HCC are 
resistant to cisplatin and oxaliplatin by activat-
ing autophagy pathway to maintaining the cell 
stability and cell survival [100, 101]. Moreover, 
nutrient deficiency can stimulate the metabolic 
pathways and phosphorylates the AMPK pro-
teins which regulates the autophagy by phos-
phorylating PI3K complex and ULK1 [102, 103]. 
Here, we emphasized briefly the role of SIRT1 
mediated autophagy and observed that autoph-
agy has emerged as a promising is a house-
keeping novel approach in drug resistance, 
aging and age-related degeneration in cancer 
study.

Implications of SIRT1 inhibition in chemother-
apeutics resistance

Previous findings have figured out the function 
of SIRT1 inhibition in chemotherapeutic resis-
tance cancers to overcome resistance, it is a 
worthy approach for the development and 
improvement of cancer treatment. The cell 
cycle arrest and induction of cell senescence 
has been developed as a potential sponsor to 
the antitumor effects of chemotherapeutic 
agents. According to recent advances to the 
understanding of SIRT1 induction drug resis-
tance molecular mechanism in cancer, it seems 
SIRT1 overexpression regulates metabolism, 
cell cycle, DNA damage repair, apoptosis, 
autophagy and senes cence [36, 104-107]. In 
this perspective, current studies support that 
SIRT1 overexpression plays a significant role in 
the regulation of senescence like cell growth 
arrest and stress responses in tumorigenesis 
induced by anticancer drugs. Many questions 
about SIRT1 remain unclear how it effects 
tumorigenesis and promotes multidrug resis-

tance, in short, might be it depends on the 
genetic context that has arisen during oncogen-
esis. For better understating of SIRT1 functions 
the previous study found several small specific 
or non-specific compounds that inhibit SIRT1 
expression and increases p53 acetylation in 
various studies including both in vitro and in 
vivo, but there is a need, the combination of 
chemotherapeutics for their potential result 
[108]. A significant study has been made by the 
previous study, SIRT1 activators or inhibitors 
applying to clinical practice as therapeutics, 
first reported SIRT1 activator resveratrol later 
identified other SIRT1 activators, SRT1720, 
SRT2183, and SRT1460. However, increased 
SIRT1 expression has a clear positive effect on 
tumorigenesis and chemoresistance, still re- 
quired to be found specific activators for the 
better understand ing of SIRT1 bio-physiology 
and SIRT1 associated malignancies [109-112]. 
There are different families of small-molecular 
chemical and biological inhibitors of SIRT1, one 
of the potentate family has been found, called 
tenovins that target class HDAC III. Tenovin 6 is 
an effective drug which inhibits SIRT1 at low 
concentrations and stops tumor growth in vivo 
and target to the p53-dependent pathway, it is 
more advantageous when used with inhibitors 
of MDM2 small molecules target P53 pathway 
and exhibit tumor growth suppression in sever-
al cell lines. Jin et al. also reported SIRT1-2, 
inhibition by tenovin-6, it promotes p53 activa-
tion and induced cell apoptosis in acute lym-
phoblastic leukemia (ALL) cells and clinical and 
pre-clinical trials [113, 114]. Although, we can 
say SIRT1 suppression may enhance antitumor 
effects via independent KLB1 pathway [115]. 
Interestingly, tenovin-6 induced apoptosis not 
only wild-type TP53 either in all cell lines, rather 
accompanied by activation of death receptor 5 
(DR5) signaling pathway and remarkably could 
not effect on PERK, ATF6, and CHOP. However, 
combination of tenovin-6 with chemotherapeu-
tic drugs SN-38 or docetaxel to exhibit synergis-
tic cytotoxicity effects on gastric cancer cells. 
Moreover, tenovin-6 and metformin synergisti-
cally downregulate SIRT1 expression in NSCLC 
cells, increased p53 acetylation and induced 
caspase-3 apoptosis activity [116].

Silybin is an antitumor molecule, it also inhibits 
SIRT1 and upregulated p53 acetylation. In 
addition, silybin and SIRT1 inhibitor cambinol 
induced in mice and used as dose and time 
dependent for in vitro study. Haris has been 
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found significant results, silybin is an effective 
inhibitor of adenocarcinoma might be used as 
a therapeutic intervention in lung adenocarci-
noma [117]. The progression of uveal melano-
ma (UM) and the diagnosis has remained 
pathetic, HDACs inhibitor tenovin-6 persuades 
apoptosis, suppression of cell migration and 
invasion, and elimination of cancer stem cells 
(CSCs) in uveal melanoma [118]. SIRT1 knock-
down by another inhibitor sirtinol is induced a 
senescence like growth arrest, might have anti-
cancer activity, and that impaired stimulation 
of Ras/MAPK pathway. Though, sirtinol tyrosine 
phosphorylation of the receptors for EGF and 
IGF-I and Akt/PKB activation was showing on 
effect by Sirtinol [119]. SIRT1 overexpression 
induced cisplatin resistance in HHUA cells 
accelerated tumorigenesis in nude mice, SIRT1 
inhibition by EX527 significantly suppressed 
the tumor growth of HEC1B and HHUA endome-
trial carcinoma. A combination of EX527 and 
cisplatin might a valuable targeted therapy for 
curing of cisplatin-resistant malignancy [120]. 
EX527, Sirtinol, Nicotinamide, and Salermide 
are direct target of inhibitors SIRT1 and 2, hav-
ing the specific inhibitory activity for SIRT1 even 
though, EX527 is only specific for SIRT1 rather 
than other sirtuin members according to com-
putational docking analysis than other SIRTs. 
Furthermore, exiting approach SIRT1 inhibition 
by EX527 in vitro and in vivo both pancreatic 
tumor model, unexpectedly in vivo result is 
reverse to in vitro, EX527 induced tumorigene-
sis in SCID mice as compared with control 
group whether it induce apoptosis and DNA 
damage in in vitro [121].

Moreover, small interfering RNA analysis that 
targets SIRT1, observed that SIRT1 knockdown 
can induce cell death in MCF-7 cell line [122]. 
In addition, it is believed that SIRT1 accelerates 
cell growth, miR-29c overexpression in cisplat-
in-resistant cancer cells directly target SIRT1 
mRNA and suppress SIRT1 expression was 
demonstrated by Zhang et al. to regulate cell 
progression, apoptosis, as well as restoring 
chemosensitivity of cisplatin [123], miR-34a 
mediated SIRT1 suppression mediates apop-
totic activation and chemosensitivity [124]. 
Cellular mechanisms of SIRT1 in colorectal can-
cer, taken together clinical data with patient 
samples and found a mechanical approach 
towards regulation of p53 and FRA-1 by SIRT1 
and confirmed directly linked with EMT [125].

Multidrug resistance in cancer is a complicated 
mechanism influenced by drug resistance pro-
teins, tumor microenvironment, DNA damage 
protein and receptor alteration, and an impair-
ment in cell to cell communication of CD9 sig-
naling pathway [126, 127]. SIRT1 overexpres-
sion in tumor cells has been associated with 
multidrug resistance proteins and it is known to 
control the traffic of extracellular vesicles in the 
process of chemoresistance [128-131]. Over- 
expression of SIRT1 might be a potential bio-
marker for advanced stage of osteosarcoma 
patients and other cancers as well [132]. Yuan 
et al. developed advanced novel culture model 
of chronic myelogenous leukemia (CML) ac- 
quired resistance based CML cell line and KCL-
22 for chronic myelogenous leukemia study 
[133]. Hematopoietic malignancy induced by 
BCR-ABL oncogenic fusion gene that has many 
factors which is responsible for cell prolifera-
tion and DNA damage repair mechanism.  
While, masitinib, nilotinib and BCR-ABL tyrosine 
kinase inhibitor (TKI), could be a significantly 
extended for advance CML treatment [134, 
135]. Drug resistance initially facilitated by 
genetic alterations of BCR-ABL proteins, it re- 
mains a big challenge, particularly, for advanced 
cancers.

However, previous studies have been found sig-
nificant role of SIRT1 in cancer development 
and metastasis both in vitro and in vivo. For in 
vivo analysis, an orthotopic xenograft model 
used for hepatocellular carcinoma (HCC), SIRT1 
knockdown done by SIRT1 inhibitor cambinol, 
after treatment reduced tumor growth and an 
overall examined lower tumor burden, these 
findings were suggested that SIRT1 overexpres-
sion induced the growth of HCC [136]. More-
over, SIRT1 mechanisms in cancer resistance 
development, it could be more challenging 
lacking of well-intentioned modeling system in 
human cancers as well other mammalian cells 
[137]. SIRT1 role in chemoresistance, metasta-
sis and tumor microenvironment is shown in 
Figure 3.

Future prospective

Significant advances have been made in better 
understanding of SIRT1 regulation and normal 
physiological functions in the perspective of 
therapeutic resistance, genomic stability and 
cancer progression over the past few decades. 
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Despite all these findings, one of the major con-
cerns of SIRT1 overexpression in oncogenic 
observation inactivates p53 wild type but its 
reverse effect in mutated p53. The relationship 
between SIRT1 overexpression and mutated 
p53 in tumorigeneses needs investigation and 
validation for conferring of SIRT1 as oncogenic 
and development of chemoresistance. How- 
ever, the function of SIRT1 in cancer remains 
crucial and many questions need to be respond-
ed. On the other hand, Why SIRT1 overexpres-
sion could be a potential therapeutic target in 
various cancers but still it has suppressive 
effect in others. Conceivably, most demanding 
in the study of recent data to understand how 
SIRT1 is regulated stress, cellular senescence, 
cell growth and multidrug resistance. SIRT1 is a 
vital part of cell signaling pathways that play 
significant role in DNA damage repair, cell pro-
gression, invasion and metastasis, chemother-
apeutics resistance and longevity that are sig-
nificant in human cancers, it will remain a posi-
tively therapeutic study for future. Here, we 
discuss aforementioned evidences of SIRT1 
potentials for developing new therapeutics 
along with SIRT1 modulators (inhibitors or acti-
vators), independently or with combination of 
other anticancer molecules to overcome the 
obstacle of treatment of advanced cancers 
including metastatic, chemotherapeutics as 
well as radio therapeutics resistance cancers.
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