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Abstract

SIRT1 is a NAD+ (nicotinamide adenine dinucleotide) dependent histone deacetylase. Growing
evidences suggestes that SIRT1 plays the part of metabolic sensor in regulating the level of
acetylation in cell proliferation and other aspects of tumor development. The expression of
SIRT1 is related to multiple pathways of resistance. In this review, we have summarizes the
recent progress of SIRT1, and provides the overview of the correlation with cancer drug
resistance by targeting SIRT1.
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1. Introduction

SIRT1 is a member of the sirtuin family that belongs to class 111 histone deacetylase, which is highly
homology with Sir2( silencing information regulator 2) [1, 2]. In normal cells, sirt1 is associated with
the aging process of human cells. Recent studies have showed that SIRT1 participate in regulating
the tumor pathway through its modification of substrate deacylation [3]. SIRT1 also plays an
important role in cell cycle control, gene stability, mitochondrial function protection, inflammatory
response, and resistance to oxidative stress [4]. In drug resistance, SIRT1 can also regulate the
inhibitory pathway of tumor , such as p53, E2F1 and FOXO.

2. Structure and biological function of SIRT1

SIRT1 is located in the nucleus and regulated by a special end area of C. The SIRT1 coding gene
with a length of 33000bp is located at chromosome 10qg22.1, and the encoded protein is 120000. The
catalytic core is composed of 277 amino acid residues, which contains two subdomains, a larger
Rossmann fold NAD binding domain and a area that is structure of the NAD+ module and the Zn2+
module generates [5].

SIRT1 is known as the "longevity gene". It is a metabolic sensor that modify the aging process by
deacetylation to histone and partly non-histone in normal cells. Studies have shown that SIRT1
regulates the expression of genes involved in skeletal muscle energy metabolism by acting on AMPK
[6]. SIRT1 regulates the energy metabolism through liver, pancreas and other organs. And promoting
the formation of glucose to stimulates the secretion of insulin, then regulates the liver gluconeogenesis
[7, 8]. In the promotion of apoptosis, SIRT1 regulates cell apoptosis with different mechanisms. A
wealth of data has shown that SIRT1 reduces apoptosis through mediated by FOXO family members
[9, 10].

3. Effects of SIRT1 in tumors

3.1 Promotion factor

SIRT1 is heterogeneous and participates in the formation and development of tumors. Accumulating
evidence indicates that SIRT1 is highly expressed in some tumor cells, such as breast cancer, ovarian
cancer, prostate cancer and acute myeloid leukemia [11]. Previously, a induced SIRT1 level has been
shown to related to clinicopathological features of cancer in Gastric and colorectal cancer [12]. These
results reveal SIRTL is a promoting factor.
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3.2 Inhibitory factor

At this point, SIRT1 might have tumor suppressor functions, the inhibition appears to be a good
approach to overcome cancer. In colon cancer, Endogenous SIRT1 limits cell proliferation and
inhibits tumor formation. Similarly, SIRT1 inhibits the transcription of RelA/ P65 protein, thereby
deacetylating the RelA/ P65 subunit of NF- K3 and promoting TNF-a induced sensitive cell apoptosis.
Mice studies support that Knockdown of SIRT1 increased the rate of tumor growth, whereas
overexpression of SIRT1 reduced the formation of transplanted tumors. In addition, SIRT1 can also
induce apoptosis of breast cancer by reducing the expression of survivin [13]. Together, SIRT1 acts
as a tumor suppressor in these tissues [14].

4. Relation of SIRT1 with drug resistance

Recent years, more and more evidence have demonstrated that SIRT1 plays a key role in cancer
resistance. The mechanisms of drug resistance by SIRT1 ,include 1) SIRT1 changes the permeability
of tumor cells to drugs. Drug penetration is the key to cancer treatment, SIRT1 can reduce the intake
of intracellular drugs, increase the efflux and activation of cell detoxification system and so on. The
literature reports that SIRT1 positively regulates the expression of the nuclear receptor Liver X (LXR),
thereby increasing the expression of target ABCAL gene. Activation of SIRT1 deacetylation of
FOXO1, increasing the expression of ABC transporters, P-glycoproteins and MDR1. Thus, SIRT1
increase the drug efflux and reduce the intracellular drug intake, leading to drug resistance [15, 16].
2) SIRT1 promotes tumor cell proliferation and resistance to apoptosis. Deacetylation of SIRT1
reduces apoptosis, thereby increasing tolerance and reducing sensitivity to DNA damage by inhibiting
E2F1 activity. 3) SIRT1 enhance the ability of DNA damage repair in tumor cells. Sirtl enhances
DNA damage repair pathways, including non homologous end joining repair, homologous
recombination repair, nucleotide excision repair, and base excision repair. SIRT1 regulates these
pathways by deacetylation of Ku70, Nijmegen fracture syndrome protein, and Werner syndrome
protein [17]. Thus, activation of SIRT1 promotes DNA repair and cell survival at fracture sites. 4)
SIRT1 promotes acquired resistance through genetic mutations such as liver cancer, colon cancer,
ovarian cancer, and other cancers [18, 19]. By controlling apoptosis and senescence, mutant cells can
eliminate the efficacy of targeted drugs and promote tumor formation. 5) SIRT1 promotes tumor cells
to acquire stem cell properties. Overexpression of the ABC transporter causes tumor stem cells to
have multiple resistance mechanisms. Previous studies have shown that the level of SIRT1 in CML
stem cells is significantly higher than that in differentiated cancer cells [20]. 6) SIRT1 change the
tumor microenvironment. The rapid growth of tumors and hypoxia can limit the transport of anti-
cancer drugs and promote the non autonomous effects of cells. SIRT1 is involved in the regulation of
angiogenesis and the balance of anti angiogenic molecules that modulate angiogenesis [21].

4.1 SIRT1 and cervical cancer resistance

More and more studies show that activated SIRT1 plays an inhibitory role in the process of resistance
to cervical cancer cells. It was found that inhibition of SIRT1 could promote cell proliferation and
accelerate the growth of HCT116 cell allograft xenografts in the absence of growth factors, whereas
overexpression of SIRT1 inhibited tumor formation [22]. The inhibition of SIRT1 can also reduce
the drug resistance and promote apoptosis [23]. Other studies have shown that catecholamines can
activate beta 2-AR and induce the SIRT1 to deacetylate the p53, and thus induce apoptosis, thereby
reducing the resistance of cervical cancer cells to drugs [24].

4.2 SIRT1 and gastric cancer resistance

SIRT1 was thought to be a unique nucleoprotein originally. However, it can be observed in part or
temporary cytoplasmic localization. Recent reports indicate that the cytoplasmic localization of
SIRT1 seems to be sensitive to the cell apoptosis which was mediated by oxidative stress [25]. The
results indicate that the expression of DBC1 was positively correlated with the expression of SIRTL.
DBC1 and SIRT1 advanced clinical pathology and expression of gastric cancer, and adverse
prognostic factors in patients with gastric cancer significant correlation. P53 protein is a key regulator
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of cell cycle progression and apoptosis. During the tumor progression, upregulation of SIRT1 allows
cells to bypass apoptosis and survive DNA damage, through metabolizes deacetylation and
inactivation of p53 [26].

4.3 SIRT1 and breast cancer resistance

In breast cancer, SIRT1 stabilization is contribute to the oncogenic potential of estrogen receptor
alpha (ER-a), but SIRTL1 activity is also associated with deacetylation and inactivation of ER-a.. The
physical interaction between ER-o and SIRT1 have been demonstrated. ER-a increases the
transcription of SIRT1 through combines its promoters. SIRT1 induced by ER-a is sufficient to
activate antioxidants and inactivate tumor suppressor genes survival genes in breast cancer cells, such
as catalase and glutathione peroxidase. In addition, SIRT1 inactivation eliminates estrogen ER-a
induced cell growth and triggers apoptosis. These results suggest that SIRT1 is essential for estrogen
induced breast cancer growth [27].

4.4 SIRT1 and chronic myeloid leukemia resistance

Chronic myeloid leukemia (CML) is the most common malignant myeloproliferative disease in
chronic leukemia in China. It is a malignant tumor that affects blood and bone marrow. In
hematopoietic cells, BCR-ABL and KRAS oncogenes activate the expression of SIRT1 gene[28]. Li
et al. showed that acts as a stress-dependent NAD-dependent deacetylase, SIRTL1 is expressed in
chronic myeloid leukemia and normal stem cells CD34 +, CD38- [29][30]. The inhibition of SIRT1
can selectively reduce survival and the sensitivity of leukemic stem cell (LSC) proliferation to
tyrosine kinase inhibitor (TKI) therapy.[31] In vivo, Tenovin-6 treatment reduces the number of CML
LSCs, while reduces the LSC implantation in secondary receptors, and prolongs survival after
treatment. These observations suggest that SIRT1 plays an important role in maintaining CML LSC
and its resistance to TKI therapy, SIRT1 inhibition may represent a potential strategy to enhance the
elimination of CML LSC who is treated with TKI [32][33].

SIRT1 is not only closely related to the drug resistance of these tumors, but also plays an important
role in promoting the resistance to chemotherapy and radiation tolerance in many kinds of tumors,
such as liver cancer and prostate cancer. SIRT1 plays an important role in the treatment of resistance
in the maintenance of CML LSC and the inhibitor of tyrosine kinase (TKI). Whatmore, SIRT1
inhibition may enhance the elimination for LSC in TKI treated patients with CML [34, 35].

5. Conclusion

To sum up, SIRT1 plays an important regulatory role in metabolism, aging, tumor formation and
resistance to drugs. As the biggest obstacle to cure tumor, drug resistance of tumor urgently needs to
be studied and solved. Further study of the relationship between SIRT1 and tumor resistance will
hopefully provide a new therapeutic target for tumor resistance.

References

[1] Weichert W: HDAC expression and clinical prognosis in human malignancies, Cancer letters,
Vol. 280 (2009) No. 2, p. 168-176.

[2] Sampaio-Marques B, Felgueiras C and Silva A: SNCA (alpha-synuclein)-induced toxicity in
yeast cells is dependent on sirtuin 2 (Sir2)-mediated mitophagy, Autophagy, Vol. 8 (2012), No.
10, p. 1494-1509.

[3] Brooks CL, GuW: How does SIRT1 affect metabolism, senescence and cancer?, Nature reviews
Cancer, Vol. 9 (2009), No. 2, p.123-128.

[4] Monickaraj F, Aravind S and Nandhini P: Accelerated fat cell aging links oxidative stress and
insulin resistance in adipocytes, Journal of Biosciences, Vol. 38 (2013), No. 1, p. 113-122.

[5] Davenport AM, Huber FM and Hoelz A: Structural and functional analysis of human SIRT1,
Journal of molecular biology, Vol. 426 (2014), No. 3, p. 526-541.

[6] Cant&C, Gerhart-Hines Z and Feige JN: AMPK regulates energy expenditure by modulating
NAD+ metabolism and SIRT1 activity, Nature, VVol. 458 (2009), No. 7241, p. 1056-1060.

94



International Journal oi Science Vol.4 No.9 2017 ISSN: 1813-4890

[7] LiX:SIRT1 and energy metabolism, Acta biochimica et biophysica Sinica, Vol. 45 (2013), No .
1, p. 51-60.

[8] Canto C, Auwerx J: PGC-1lalpha, SIRT1 and AMPK, an energy sensing network that controls
energy expenditure, Current opinion in lipidology, Vol. 20 (2009), No. 2, p. 98-105.

[9] Fan W, Luo J: SIRT1 regulates UV-induced DNA repair through deacetylating XPA , Molecular
cell, Vol. 39 (2010), No. 2, p. 247-258.

[L0]O'Hagan HM, Wang W and Sen S: Oxidative damage targets complexes containing DNA
methyltransferases, SIRT1, and polycomb members to promoter CpG Islands, Cancer cell, Vol.
20 (2011), No. 5, p. 606-619.

[11]Cha EJ, Noh SJ and Kwon KS: Expression of DBC1 and SIRT1 is associated with poor prognosis
of gastric carcinoma, Clinical cancer research : an official journal of the American Association
for Cancer Research, Vol. 15 (2009), No. 13, p. 4453-4459.

[12]Lee H, Kim KR and Noh SJ: Expression of DBC1 and SIRT1 is associated with poor prognosis
for breast carcinoma, Human pathology, Vol. 42 (2011), No. 2, p. 204-213.

[13]Broxterman HJ, Gotink KJ, Verheul HM: Understanding the causes of multidrug resistance in
cancer: a comparison of doxorubicin and sunitinib, Drug resistance updates : reviews and
commentaries in antimicrobial and anticancer chemotherapy, Vol. 12 (2009), No. 4-5, p. 114-
126.

[14] Xiaojing An, Changzhu Jin: Research progress of Sirtl and tumor resistance, Journal of Binzhou
Medical College, Vol. 36 (2013), No. 2, p. 142-145.

[15]Chu F, Chou PM and Zheng X: Control of multidrug resistance gene mdrl and cancer resistance
to chemotherapy by the longevity gene sirtl, Cancer research, VVol. 65 (2005), No. 22, p. 10183-
10187.

[16]Oh WK, Cho KB and Hien TT: Amurensin G, a potent natural SIRT1 inhibitor, rescues
doxorubicin responsiveness via down-regulation of multidrug resistance 1, Molecular
pharmacology, Vol. 78 (2010), No. 5, p. 855-864.

[17]Cao Y, Jiang X and Ma H: SIRT1 and insulin resistance, Journal of diabetes and its complications,
Vol. 30 (2016), No. 1, p. 178-183.

[18]Gu C, Zeng Y and Tang Z: Astragalus polysaccharides affect insulin resistance by regulating the
hepatic SIRT1-PGC-1la/ PPARa-FGF21 signaling pathway in male Sprague Dawley rats
undergoing catch-up growth, Molecular medicine reports, Vol. 12 (2015), No. 5, p. 6451-6460.

[19]Qiang L, Kon N and Zhao W: Hepatic SirT1-Dependent Gain-of-Function of Stearoyl-CoA
Desaturase-1 Conveys Dysmetabolic and Tumor Progression Functions, Cell reports, Vol. 11
(2015), No. 11, p. 1797-1808.

[20] Yuan H, Wang Z and Li L: Activation of stress response gene SIRT1 by BCR-ABL promotes
leukemogenesis, Blood, Vol. 119 (2012), No. 8, p. 1904-1914.

[21] Yan Zhou, Yang Yao: Research progress of silencing information regulation factor 1 and tumor
resistance, Oncology progress, Vol. 11 (2013), No. 4, p. 345-350.

[22]Kabra N, Li Z and Chen L: SirT1 is an inhibitor of proliferation and tumor formation in colon
cancer, The Journal of biological chemistry, Vol. 284 (2009), No. 27, p. 18210-18217.

[23]Kim HB, Lee SH and Um JH: Sensitization of multidrug-resistant human cancer cells to Hsp90
inhibitors by down-regulation of SIRT1, Oncotarget, VVol. 6 (2015), No. 34, p. 36202-36218.
[24]Velez-Perez A, Wang Xl and Li M: SIRT1 overexpression in cervical squamous intraepithelial

lesions and invasive squamous cell carcinoma, Human pathology, Vol. 59 (2017), p. 102-107

[25] Eriksson M, Taskinen M, Leppa S: Mitogen activated protein kinase-dependent activation of c-
Jun and c-Fos is required for neuronal differentiation but not for growth and stress response in
PC12 cells, Journal of cellular physiology, Vol. 210 (2007), No. 2, p. 538-548.

[26] Chiou SH, Lee KT: Proteomic analysis and translational perspective of hepatocellular carcinoma:
Identification of diagnostic protein biomarkers by an onco-proteogenomics approach, The
Kaohsiung journal of medical sciences, Vol. 32 (2016), No. 11, p. 535-544.

95



International Journal of Science Vol.4 No.9 2017 ISSN: 1813-4890

[27]Elangovan S, Ramachandran S and Venkatesan N: SIRT1 is essential for oncogenic signaling by
estrogen/estrogen receptor alpha in breast cancer, Cancer research, Vol. 71 (2011), No. 21, p.
6654-6664.

[28] Zeisig BB, So CW: A knockout Combo: eradicating AML Stem Cells with TKI plus SIRT1
inhibition, Cell stem cell, Vol. 15 (2014), No. 4, p. 395-397.

96



