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Abstract 

 

Cancer resembles a genetic disease that develops due to the uncontrollable growth of cells in the 

host body. The most prominent cause of this fatal disease development is the presence of cancer 

stem cells (CSCs) arise either from normal progeny or present in cancer cells which trigger 

cancer progression eventually metastasis due to the influence of over-expressive cell surface 

markers, mutated transcription factors, and dysregulated signaling pathways, etc. Besides, this 

progression is also modulated by an epigenetic enzyme known as SIRT6 which is closely 

associated with the cancer stem cells and functionally involved in cancer regulation due to its 

dichotomous nature. This project paper highlights the implication between cancer stem cells and 

Sirtuin 6 (SIRT6) in cancer progression as well as suppression along with a demonstration of the 

activity of several pharmacological modulators on SIRT6 in cancer regulation for the 

implementation of personalized medicines that can eradicate this fatal disease. 

 

 

 

 

 

 
Keywords: Cancer stem cells, metastasis, cell surface markers, signaling pathways, SIRT6, 

molecular target. 
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Glossary 
 
 

EMT 
Epithelial-Mesenchymal Transition one of the stages before cancer 

development involves cancer cell mobility and migration. 

 

 

Wnt Signaling 

Pathway 

This is one kind of signaling pathway mainly secreted Wnt which is one 

kind of glycoprotein that acts as a ligand that works on the maintenance and 

regulation of the cytoskeleton, control transcription, involves in normal and 

cancer stem cell proliferation along with differentiation hence involve in 

cancer development. 

NOTCH Signaling 

Pathway 

Notch Signals are triggered by canonical Notch ligands that are involved in 

cell fate decisions and involved in the regulation of tissue homeostasis. 

 

 

NANONG 

Nanong is one kind of transcription factor that contains homeodomain that 

is regulated by the insulin-like growth factor (IGF1R) signaling pathways 

plays a pivotal role in tissue development, stem cells, cancer stem-like trait 

maintenance, and tumor development. 

 
 

TGF-β 

It is a highly pleiotropic cytokine significantly involved in wound healing, 

immunoregulation, angiogenesis as well as involved in both cancer 

suppression and cancer progression. 

 
 

Interleukin (IL) 

These are modulators that modulate cellular behavior, involve the retention 

of cancer stem-like traits, cancer cell migration comprises a larger subset of 

cellular messenger molecules named cytokine. 

 
NF-κβ 

This is a protein complex that helps in transcription, produces cytokines, is 

involved in cell survival, and is closely associated with cancer development. 

 
 

PTEN 

This is a tumor suppressor gene that works by blocking the PI3K pathway 

and helps to inhibit cancer cell proliferation as well as triggers cell cycle 

arrest. 



XVI 
 

 
TWIST1 

It is a basic helix-loop-helix transcription factor encoded by the TWIST1 

gene in humans involves in cancer stem cell maintenance and promotes 

chemoresistance properties of cancer cells. 

Cell Surface 

Markers 

These are special types of proteins present on the surface of cells that serve 

as an identifier of specific cell types. 
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Chapter 1: Introduction 

 
1.1 Cancer, cancer stem cells, and SIRT6 

 
The term “cancer” represents an incurable disease that reflects the divergent growth of 

malfunctioned cells in the body is the secondary cause of death after cardiovascular diseases and 

this disease is becoming increasingly threatening globally as per the GLOBOCAN estimation 

(Jemal et al., 2011; Siegel & Miller, 2019). Due to physiological factors, epigenetic and genetic 

metamorphosis, viral pathogenesis, and exposure to carcinogenic elements are the chief cause for 

the evolution of today’s most deadly diseases (Hendriks et al., 2004; Totsuka et al., 2021). 

Among these diverse causes, the existence of cancer stem cells (CSCs) is one of the most 

significant ones which have unique tumorigenesis potentiality, potent self-renewing and extreme 

multiplicative ability thus can strongly involved in cancer initiation, progression, metastasis, and 

relapse (Gaál & Csernoch, 2020; Lobo et al., 2007). Several typical treatment options become 

unable to address CSCs because of their special traits (Pisco & Huang, 2015). For these reasons, 

several research is carried out for the identification of therapeutic biomarkers in terms of 

evaluating the prognostic role of CSCs where the most promising molecular target named Sirtuin 

6 (SIRT6) is found that shows a dual role in the regulation of cancer and cancer stem cells by 

showing cancer types and location dependency (Fiorentino et al., 2021; Lobo et al., 2007). 

In this review paper, the role of SIRT6 in the regulation of cancer stem cells followed by several 

dimensions of the mechanism of SIRT6 will be delineated. Along with this, the most relevant 

SIRT6 activators and SIRT6 inhibitors are discussed to investigate the physiological role of 

SIRT6. Finally, by focusing on all those significant points, this project paper will address 

‘SIRT6’ as a novel molecular therapeutic target for malignancy management in the future. 
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1.2 Rationale of the study 

 
Cancer cells are most predominantly stimulated by cancer stem cells that have a high 

proliferative capability (Abdollahi et al., 2019). Via doing several analyses a close relationship 

between SIRT6 and cancer stem cells are observed that show a dual role in both cancer stem cell 

and cancer regulation. By manifesting context-dependency, SIRT6 either activates cancer stem 

cell’s self-renewal ability through alteration of cell surface markers, designated pathways or can 

inhibit their tumorigenic capability via prohibiting such pathways, therefore, set up a close 

implication with cancer stem cells in several types of cancer formation and minimization may 

contribute as an effective therapeutic target in future (Ioris et al., 2017; Sima et al., 2015). 

Therefore, this project was undertaken to reveal the implication of SIRT6 with CSCs. 

 

1.3 Aim of the project 

 
This project aims to identify the implication between cancer stem cells and SIRT6 in terms of 

cancer initiation, progression, and relapse to find new and effective targets for cancer therapy. 

1.4 Objectives of this study 

 To gather the information about the definite implication between cancer stem cells and 

SIRT6 

 To collect information on the relative pathways and regulatory factors of both CSCs and 

SIRT6 that are interconnected in the initiation, progression, and relapse of cancers. 

 To compile interesting information on SIRT6 that can control cancer progression in different 

types of cancer. 

 To establish SIRT6 as a promising therapeutic target for the eradication of cancer stem cells 

and thus, to treat and cure different types of cancers. 
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Chapter 2: Methodology 

 

The current study was focused to determine an implication between SIRT6 and Cancer stem cells 

to identify the most promising target for complete and fruitful eradication of several types of 

cancers. The information from this review paper was collected from various primary sources 

such as Google Scholar, Research Gate, Nature, NCBI, Science Direct, Elsevier and Springer, 

etc. Information is also collected from secondary research articles such as The American Cancer 

Society, PubMed, Frontiers, and Medline, etc. After scrutinizing necessary information from all 

the articles an outline was created to present the information sequentially. First, it was important 

to discuss the origin of cancer stem cells, their features, and impacts on cancer progression, 

metastasis, and relapse together with the contribution of SIRT6 in cancer progression and 

suppression. Later, a further literature search was performed to gather information on the 

significant implication between SIRT6 and cancer stem cells by demonstrating several 

mechanisms of action of SIRT6 on cancer stem cells and several types of cancers. Finally, by 

considering the regulative pathways of both SIRT6 and cancer stem cells, an effective 

therapeutic target was established for the fruitful eradication of cancer stem cells and cancers. 

For conducting the whole write-up, a piece of valid information was collected, and an accurate 

citation was done with careful consideration. 
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Chapter 3: An overview on cancer and cancer stem cells 

 

Cancer represents a multidimensional disorder that involves complicated genomic mutations that 

result in aberrant cell growth because of the malfunction of controlled mechanisms of cell 

division (Wang et al., 2020). The reasons behind this abrupt growth are errors in DNA 

replication, enzymatic dysregulation, and apoptotic evasion that help cancerous cells to replicate 

irregularly. The development and extravasation of cancerous cells are carried out by undergoing 

hyperplasia, dysplasia to anaplasia which eventually create metastasis (Deberardinis et al., 2008). 

Several factors lie down behind this cancer development from which special types of cells that 

possess cancer stem-like entities, popularly known as cancer stem cells play a crucial role in the 

malignant tumor, progression, and deterioration (Walcher et al., 2020). The capability of 

retaining unique features of cancer stem cells (CSCs) and the high tendency to promote 

heterogeneous tumors in several organs are harbored by the influence of cancer stem cell surface 

markers which help CSCs to be overexpressed in cancerous cells ultimately results in malignant 

formation throughout the body (Kim & Ryu, 2017). Along with this the external factors 

including several signaling cascades, mutation, and epigenetic alteration accelerate the plasticity 

of cancer stem cells and make the pathway quite easier in terms of malignant tumor formation. 

 
 

3.1 Hallmark of Cancer 

 
Despite having inherited and non-inherited genetic mutation, cancer cells show some phenotypic 

changes terminally known as “Hallmark of cancer” (Figure 1) (Hanahan &Weinberg, 2011). 

I. Dysregulation of cellular energy: Due to the influence of the Warburg effect on cancer 

cells, energy metabolism is occurred by following excessive glycolysis and lactate 
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formation in aerobic conditions hence, the cellular energetic pathway is altered in the host 

body (Walenkamp et al., 2014). 

 
II. Genomic instability and mutation: Genomic instability and mutation occur due to 

defects of cellular mechanism and DNA formation that can not control the cell 

augmentation finally initiates malignancy thus considered as one of the significant 

hallmarks of cancer (Arnold et al., 2007). 

 
III. Apoptotic hindrance: Cancer cells tend to evade regular apoptosis as they have the 

potential to act over several signaling pathways like Akt/mTOR pathways that made the 

cells resistant against chemotherapies and ensure sustainability (Ciuffreda et al., 2010). 

 

Figure 1: Hallmarks of cancer ((Walenkamp et al., 2014). 

 

IV. Immune destruction and angiogenesis: Distinctive microenvironmental nature and the 

activation of the angiogenic switch with the influence of VEGF makes cancer cells 
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immune resistant against any vaccine and gradually form angiogenesis respectively 

(Hanahan & Weinberg, 2011). 

3.2 Cancer stem cells and their features 

 
It was all known that there are diverse factors that direct the cells to develop cancers however, 

one of the most significant causes of cancer development is the presence of cancer stem cells 

which is a small assembly of cells that arise either the normal progeny or tumor cell exhibit 

extreme self-regenerative, and proliferative nature due to high sufficiency of telomeric binding 

that shows invasiveness, and make themselves proof against apoptosis, chemotherapeutic agents 

thus grown to be an immortal cell inside the host body like human embryonic cells, therefore, 

become crucially accountable for cancer instigation, expansion, and metastasis (Jin et al., 2017; 

Mohr et al., 2015). 

3.3 Theoretical approach of cancer stem cell: CSCs model and tumorigenic 

capability 

To understand the origin of tumor-initiating or cancer stem cells, several theories have come out 

where the Hierarchical model portrays that, CSCs emerge from the normal progenitor cell and 

due to the mutation normal stem cells turn into cancer stem cells (Butti et al., 2018; Dalerba et 

al., 2007). On the other hand, stochastic models postulate that CSCs derived from differentiated 

progeny and via the several levels of mutation and self-renewal repeatability sustain their 

existence. 
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Figure 2: Cancer stem cells model (Butti et al. 2018; Dalerba et al., 2007) 

 
Several articles focus on the tumorigenic capability of CSCs describe that approximately 100 

cancer stem cells require to generate malignant tumors and cancer generally appeared after the 

10-12 years of formation illustrated by Figure 2 (Hoffmann et al., 2018; Scheel & Weinberg, 

2012; Zhu & Fan, 2018). 

3.4 Role of cancer stem cells in cancer progression and metastasis 

 
Cancer stem cells (CSCs) are the collection of stem cells that exhibit extreme self-renewing 

capability and are highly prone to proliferate therefore, they act as a mediator in terms of  

creating anomalous growth of the solid and heterogeneous malignant tumor (Pisco & Huang, 

2015). Several cell surface markers like CD24, CD29, CD144, CD136, ALDH1 and 

inflammatory factors like reactive oxygen species (ROS), reactive nitrogen species (RNS) with 

the influence of several oncogenes, and EMT transcription factors like SOX2, SNAIL, TWIST1, 

and ZEB1 enhance CSCs to become overexpressed, maintain the CSC niche and provoke them  

to initiate and progress cancers in several parts of host body (Beck & Blanpain, 2013). Moreover, 
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this progression also accelerated by the interaction between several regulatory proteins such as 

TNFα, TGF-β1, NF-κβ, H1fα and many cellular components like CAF, T-cells, NK cells under 

the interference of various signaling pathways like ERK1/2, Wnt/β catenin, NOTCH, and 

Akt/mTOR pathways demonstrated by (Figure 3) (Ayob & Ramasamy, 2018; Fu et al., 2020). 

Upon the cancer initiation and progression, CSCs are extensively involved in cancer metastasis 

as well. Metastasis is a complicated process dependent on lots of molecular alteration systems 

(Luo et al., 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Role of cancer stem cells in cancer progression and metastasis (Ayob & Ramasamy, 

2018) 

The intrusion of malignant cells into the distant organs formulated by CSCs has happened after 

the creation of pre-metastatic niche and this facilitation from the pre-metastatic site is done due 

to the interference of some over-expressive cell-surface indicators as well as several transcription 

factors named VEGF, TNF-α, and so on (Kaplan et al., 2010; Liu & Cao, 2016). All those factors 

maintain CSCs colony and evoke them to form exosome-mediated metastasis. During metastasis, 

cancer cells migrate from the primary site into all distant areas resulting in intravasation that is 
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promoted by EMT. Finally, it was observed that the involvement of regulatory proteins and the 

relative pathways maintain CSCs dormancy in the overall metastasis in the host body illustrated 

by (Figure 3) (Scheel & Weinberg, 2012). 

3.5 An overview of SIRT6 

 
SIRT6 belongs to the Sirtuin family isolated from a yeast named saccharomyces cerevisiae is a 

highly conserved element and known as NAD+- dependent protein deacetylase enzyme 

(Michishita et al., 2008; Pan et al., 2011). From previous research, it was found that SIRT6 

accounts for ADP ribosylation however, some recent studies revealed that SIRT6 mainly works 

by deacetylating histone proteins. SIRT6 possesses unique features consisting of two globular 

domains with eight alpha helices and nine beta-sheets. One is Rossmann fold can anchor the 

NAD+- cofactor, and another is small folded domain helps zinc for attachment into the 

respective site. Moreover, like other Sirtuins, SIRT6 has no highly pliable NAD+- binding loop 

rather it contains a fixed single helix (Pan et al., 2011). Due to these special features, it can be 

assumed that SIRT6 may be able to bind with NAD+- without the presence of acetylated 

substrate and can exert its pharmacological activity in the human body (Schuetz et al., 2007). 

3.6 Biological role of SIRT6 

 
SIRT6 is a chromatin regulating protein that belongs to the sirtuin family exhibits enzymatic 

function by mono-ADP ribosylation, deacetylase prior to targeting several genes, and 

transcriptional factors, like PARP1, TNF-α, H3k17, H3K27, H3K9, H3K56, TRF-2, etc. Here is 

the discussion about the biological role of SIRT6 given below: 
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I. Repair of DNA and genomic maintenance: SIRT6 shows an enzymatic activity involved 

in DNA repairmen and genomic maintenance by phosphorylating H2AX, activating PARP1 

pathways, and deacetylating H3K9, H3K56 shown in Table 1 (Zhong et al., 2010). 

II. Metabolic and energy regulation: SIRT6 is significantly involved in metabolic regulation. 

 

By repressing HIF-1α, and activating several glycolytic genes such as GLUT1, PDK1 it 

regulates the glucose homeostasis process. Moreover, to store the cellular energy, SIRT6 

becomes depleted and generates lipid accumulation by activating PPARγ genes shown in 

Table 1(Khan et al., 2021). 

III. Aging: Upon showing multitasking abilities SIRT6 is significantly involved in aging 

regulation as well. Additionally, it also activates NF-κβ, altering IGF1 signaling pathways, 

therefore, positively regulating the cellular stress, and senescence properties observed in 

Table 1 (Kawahara et al., 2011). 

IV. Cancer regulation: SIRT6 reveals bimodal role in cancer regulation. For some cancers, 

SIRT6 is observed as downregulated and it can control tumor formation by hindering cancer 

stem cells like capacity, inhibiting the glycolytic process, rendering the activity of 

regulatory genes and signaling pathways helps in the suppression of malignant growth 

(Biserova et al., 2021; Langan et al., 2013). Alternatively, for other types of cancers, it is 

highly expressed since involved in the activation of signaling and regulatory factors as a 

consequence extend tumor growth and progression in the hypoxic condition shown in Table 

1 (Biddle et al., 2011; Gandhi et al., 2017; Zimmerer et al., 2013). 
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Table 1: Biological role of SIRT6 

 

 

Cellular 

Function 

Biological role of SIRT6 Reference 

 
Repair of 

DNA and 

genomic 

maintenance 

SIRT6 interacts with TRF and deacetylates proteins, 

ADP-ribosylate PARP1 (Onn et al., 2020), and works 

on telomeric chromatin thus stabilized genome and 

involved in DNA damage repairmen that observed in 

H3K9, H3K56 cell lines. 

(Onn et al., 2020) 

Metabolic 

regulation 

Via following glycolysis and gluconeogenesis 

process, SIRT6 controls glucose metabolism as well 

as contributes also in lipid regulation by activating 

PPARγ genes. 

(Khan et al., 2021) 

Aging Highly expressed SIRT6 regulates caloric restriction 

and induced NF-κβ mainly involved in age regulation 

by deacetylating H3K9, H3K56. 

(Kawahara et al., 

2011) 

Cancer 

Regulation 

SIRT6 shows dual functionality in terms of cancer 

regulation since serves either as tumor promoter and 

suppressor via changing several signaling pathways, 

regulatory factors according to context. 

(Biserova et al., 

2021) 

 

 

3.7 SIRT6 in cancer development 

 
By analyzing the cancer biology, it was evident that malfunction in DNA replication, as well as 

genetic mutation, are significantly involved in cancer initiation, progression and ultimately lead 

to metastasis (Mohr et al., 2015). SIRT6 is such a kind of enzyme crucially involved in cancer 

regulation as it manifests dual role in both tumor promotion and suppression based on the 

respective location from where cancer is initiated (Chang et al., 2021). Additionally, 
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evolutionary data flagging out that SIRT6 can display both apoptotic and anti- apoptotic nature 

due to its bimodal role in cancer regulation not only ensures longevity but also increase the 

destruction of cancerous cells (Fukuda et al., 2015). 

 

Figure 4: Bimodal role of SIRT6 (Chang et al., 2021) 

 
In normal health conditions, SIRT6 is effectively involved in repairing faulty DNA, helps to 

sustain stem cells’ phenotypic characteristics, and maintains cellular homeostasis followed by 

genomic stabilization. When any dysregulated DNA is found in a malignant cell, it induces 

apoptosis through the ribosylation of mono ADP of P53 and P73 tumor suppressor genes that is 

why the suppressive activity of SIRT6 is observed in ovarian, pancreatic, colorectal, gastric, and 

endometrium cancer (Chen et al., 2017). Whereas, for some cancers like breast, liver, skin 

cancers, and some lymphoma, SIRT6 is found to be highly expressed due to SUMOylation and it 

triggers cancer stem cells, and some regulatory pathways to develop cancer at a rapid rate, 

therefore, served as an oncogene for those types of cancers (Figure 4) (Cai et al., 2016). 



13  

3.8 Significance of SIRT6 on cancer regulation 

 
For the maintenance of several physiological activities in the human body, the role of SIRT6 is 

noteworthy. SIRT6 significantly plays a pivotal role in cancer regulation by showing a 

dichotomous nature in various types of cancers (Desantis et al., 2017). From several papers, it 

was observed that SIRT6 is highly expressed in some cancers and promotes several pathways 

like AKT, ERK1/2, and Wnt pathways along with taking a part in the stimulation of reactive 

oxygen, several transcription factors such as TGF-α1, NFκβ, and suppressed p53 oncogene 

finally inaugurates tumorigenesis (Wu et al., 2015; Zhang & Qin, 2014). From the evaluation of 

the overexpression of SIRT6 and the associated pathway activation, it can easily identify the 

context of cancers where SIRT6 serves as an oncogene (Wu et al., 2015). 

Whereas, for some cancers like ovarian, nasopharyngeal, pancreatic, and colorectal cancers, the 

SIRT6 role is found to be repressive hence it promotes apoptosis and cell death by terminating 

HIF1-α results in the cancer cell proliferation hindrance and ultimately prevents the spreadability 

of such cancers (Desantis et al., 2017). Besides, as a suppressor, SIRT6 is also involved in the 

alteration of some specific cancer-promoting genes and transcription factors named c-JUN/c- 

FOS, NANONG, and Twist 1, etc., therefore, helps in tumor prevention in some types of cancers 

(Cai et al., 2020; Han et al., 2014; Min et al., 2012; Zwaans et al., 2012). 

Since SIRT6 either acts as a tumor promoter or tumor suppressor, based on the upregulation and 

downregulation of SIRT6, the detection of cancer escalation is possible to find out. Additionally, 

several inhibitory pathways identification may also be feasible for the proper prevention of 

cancers (Desantis et al., 2017). Apart from this, from the overexpression of SIRT6, the survival 

rate of cancer patients can also be dictated thus SIRT6 acts as a novel diagnostic tool in cancer 

diagnosis as well. 
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Chapter 4: Association of SIRT6 with cancer stem cells 

 
4.1 Bimodal role of SIRT6 on cancer stem cells (CSC) 

 
Sirtuin 6 (SIRT6) is considered as one of the most significant physiological enzymes among 

seven classes of the sirtuin family plays a crucial role in cancer stem cells (CSCs) by regulating 

their self-renewing capability and high breeding nature (Jin et al., 2017). Scientists are trying to 

investigate the influence of the SIRT6 enzyme on Cancer stem cells that may help to retain their 

plasticity and act as a promising marker in several types of cancer regulation. Though direct data 

about the impacts of SIRT6 on CSCs are yet to be investigated further, however, through 

analyzing some mechanistic signaling pathways and by observing the activity of several 

transcription factors, dual implication between SIRT6 and CSCs can be explicated. There are 

several pathways that are closely associated with both cancer stem cells and SIRT6 where the 

most significant one is PI3K/Akt/mTOR are involved in the propagation of cancer stem cells and 

cancer cells as well (Ioris et al., 2017). Involvement of over-expressive SIRT6 disturbed the 

normal activity of this signaling cascade as well as mutated several transcription factors like 

TNF-α, TGF-β, and TRF2 therefore, an abnormal self-amplification of cancer stem cells take 

place which finally enhances cancer cell proliferation (Jiang et al., 2013; Rizzo et al., 2017). 

Besides this, the apoptotic factor IGF-AKT are observed in an inactivated form due to the 

obtrusion of SIRT6 for this reason, cancer stem cells which act as a booster for cancer 

development become highly efficacious and develop an amorphous mass of malignant tumor 

(Wang et al., 2018). Apart from this, an altered mechanism is also observed in ERK1/2 pathways 

due to the involvement of SIRT6 that finally facilitates cancer stem cells to undergo 

instantaneous proliferation. Therefore, SIRT6 mediated dysregulated signaling cascades 

inaugurate tumor propagating cells to create more angiogenesis, and gradually this CSCs become 



15  

the prime cause of invasiveness of malignant cells which ultimately acts as a key inciter for the 

metastatic stage of several carcinomas demonstrated by Figure 5 (Zhang et al., 2019). 

Intriguingly, from the several data, an immense impact of SIRT6 on cancer stem cell surface 

markers are spotted where SIRT6 can accelerate some surface markers like CD24, CD44, 

CD200, EpCAM, and ALDH1 expression in some CSCs most commonly located in breast, liver, 

prostate, skin, and blood cancer cell (Biddle et al., 2011; Gandhi et al., 2017; Zimmerer et al., 

2013). Hence, by evaluating the possible consequences between CSCs and SIRT6 it can be stated 

that SIRT6 showing a tumor-promoting nature positively act on cancer stem cell differentiation 

in some specific cancer in a context relative manner. 

Figure 5: The bimodal role of SIRT6 on cancer stem cells (CSCs) (Liu et al., 2018) 

 

 
Despite displaying the boosting nature of CSCs, Sirtuin 6 can also impede the self-rejuvenate 

capacity of cancer stem cells as well. Through both In vivo and In vitro analysis, it was remarked 

that SIRT6 is downregulated in some kinds of cancers. Upon investigating the impacts of SIRT6 

on cancer stem cells some promising information is found where it was shown that SIRT6 can 

inhibit MAPK, PI3K, Akt, and mTOR signals too and altered the uneven division of both 
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cancerous and cancer stem cells, on that account, can efficiently prevent the quiescence, abrupt 

self-proliferation of CSCs which are predominantly observed in B cells, colorectal, breast, and 

hepatocellular cancer stem cell lines as well (Ioris et al., 2017; Liu et al., 2018; Wang et al., 

2010). Additionally, SIRT6 also anticipates the expression of certain markers like CD44, CD90, 

CD117, CD133, CXCR4, and ALDH1, therefore, prevents the tumor-initiating cells (TICs) 

differentiation in some types of cancers commonly noticed in the ovary, pancreas, colon, GI 

tract, and endometrium (Muinao et al., 2017; Lee et al., 2021; Xiao & Zhou, 2020). Knock out of 

SIRT6 alters the function of cancer stem cells which are observed in transgenic mice during in 

vivo tests. However, a positive correlation between Wnt/β catenin and SIRT6 is also found where 

a reactive SIRT6 can regulate mutated Wnt/β and helped in cancer stem cells harmonization 

depicted by (Figure 5) (Oncol et al., 2020; Wang et al., 2016). Finally, SIRT6 as a tumor 

suppressor can negatively regulate CSCs as well. Thus, from the above information, it can be 

stated that there is a both positive and a negative correlation between SIRT6 and cancer stem 

cells in cancer regulation. 

4.1.1 Tumor promoting implication between SIRT6 and Cancer stem cells 

 
Sirtuin 6 is an endogenous protein that plays a crucial role in cancer stem cells and cancer cells 

regulation. Based on the cancer types and location, the activity of SIRT6 varies. The tumor- 

promoting activity of SIRT6 is observed in breast, hepatocellular, head and neck, prostate, skin, 

and blood cancers like acute myeloid lymphoma where SIRT6 found to be highly prompted and 

may also activate cancer stem cells as well (Gandhi et al., 2017). 
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Figure 6: Role of SIRT6 as a tumor promoter (Gandhi et al., 2017; Biddle et al., 2011) 

 
CSCs are known as small clusters of cells possessed with extreme self-renewal activity and 

aberrant differentiation potentiality act like an engine in cancer cells amplification, invasiveness, 

and metastasis. The overall activity of cancer stem cells in cancer progression is assumed to be 

elevated by the involvement of SIRT6. Based on the different types of cancers, the cell surface 

markers of CSCs are overexpressed. In breast, hepatocellular, skin, prostate, and several blood 

cancers, CD133+, CD24+, CD29+, and CD44+ are commonly shown as over activated where 

these expressions are increased at a higher rate due to the interference of SIRT6 (Biddle et al., 

2011; Gandhi et al., 2017; Zimmerer et al., 2013). Additionally, SIRT6 can also inhibit some 

tumor-suppressive transcription factors like p53, and FOXO3a therefore, created a suitable 

condition of cancer cells’ atypical proliferation. As from the stem cell biology, it was discovered 

CSCs are incorporated within cancer cells therefore SIRT6 is considered as a possible helper to 

retain the CSCs plasticity as well (Khongkow et al., 2013). In addition, the cooperation of over- 

expressive SIRT6 is observed in some regulatory pathways that are PI3k/Akt/mTOR, MAPK, 

NANONG, NOTCH, Sonic hedgehog in terms of elevation of CSCs in cancer progression (Ioris 

et al., 2017; Liu et al., 2018; Wang et al., 2010). All of the factors in presence of SIRT6 can 



18  

increase the role of cancer stem cells of those particular cancers and accelerate tumor 

progression. Therefore, positive regulation of SIRT6 on cancer stem cells (CSCs) is found which 

has a notable contribution in cancer formation (Figure 6) (Gandhi et al., 2017; Biddle et al., 

2011; Zimmerer et al., 2013). 

4.1.1.1 Impacts of SIRT6 on breast cancer stem cells (BCSCs) in breast cancer progression 

Breast cancer is one of the deadliest diseases nowadays. Despite having several causes, the 

presence of breast cancer stem cells (BCSCS) is one of the leading causes of breast cancer 

development (Velasco et al., 2011). BCSCs are observed in TNBC, BRCA-1 cell lines and 

provoke osseous and pleural breast cancer metastasis due to over-expression of several major  

and some minor cell markers like CD44+, CD24+, ESA+, ALDH1, CD133+, EpCAM+, CD61, 

PCOR respectively that finally activate IL-6, CXCR4, MMP-1 genes help in metastatic cancer 

progression (Zhang et al., 2020). Along with this, the connection of some dysregulated pathways 

like Wnt/β catenin, NOTCH, and hedgehog are also noticed in breast cancer and BCSCs 

development. The activity of breast cancer stem cells in breast cancer initiation, expansion, and 

metastasis is accelerated by the influence of CSNK2 phosphorylate mediated SIRT6 as well (Bae 

et al., 2016). Several analytical experiments were done followed by applying 

immunohistochemical, quantitative real-time pCR, bioluminescence test on using xenographic 

mice model where it was detected that SIRT6 is highly expressed in breast cancer cell lines and 

can highly activate cell surface markers of cancer stem cells and involved in OXPHOS 

phosphorylation which is also crucial for cancer cells proliferation (Becherini et al., 2021). Apart 

from this, SIRT6 activates EMT formation, some transcription factors, and oncogenes named 

NK-kβ, TGF-β1, MMP9, JUN, and mRNA-83 induced ZEB1/ZEB2 genes that help CSCs in 

their self-renovation as well (Becherini et al., 2021; May et al., 2011). Thus, united cooperation 
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of highly activated CSCs and SIRT6 increase breast cancer progression and can establish 

positive implications between themselves observed in (Figure 7). 

4.1.1.2 Role of SIRT6 on liver cancer stem cells (LCSCs) in hepatocellular carcinoma 

progression 

Liver cancer stem cells are exhibited with extreme self-proliferative nature present inside the 

hepatocytes mostly involved in liver cancer establishment. Generally, hepatocellular carcinoma 

is produced due to Hepatitis B and Hepatitis C viral infection (Schulte et al., 2020). However, the 

tendency of hepatoma development is governed by the existence of LCSCs. Lots of cell surface 

markers like CD24, CD44, CD90, CD133, EpCAM, and ALDH1 as well as cell signaling 

cascades help cancer stem cells to retain their special characteristics (Yamashita, 2020; Wang et 

al., 2018). Moreover, several microenvironmental alterations and incorporation of tumor- 

promoting factors such as VEGF, SDF1, and CXCLs (Chemokine [C-X-C Motif] Ligands) 

ensure the longevity of CSCs and serve as a vital mediator in hepatocellular cancer promotion 

(Schulte et al., 2020; Wang et al., 2018). To investigate the exact correlation between liver 

cancer stem cells and SIRT6, various cell-based assays were done where it was observed that 

SIRT6 is supremely expressed in cancerous cells that help in EMT formation via inhibiting E 

cadherin, deacetylating Beclin-1, N cadherin, FOXO3a genes which are extremely essential for 

liver cancer stem cells and cancer cell colony formation where SIRT6 acts as a fuel for liver 

cancer stem cells overexpression (Figure 7) (Han et al., 2019). Also, in terms of ERK1/2 

pathway activation, a very close relation between SIRT6 and cancer stem cells was observed that 

helps SIRT6 and CSCs to proliferate and metastasize cancerous cells (Zhang et al., 2019). In 

such a way, Cancer stem cells and SIRT6 are corporately involved in liver cancer amelioration. 
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4.1.1.3 Impacts of SIRT6 on skin cancers stem cells (SCSCs) and skin cancer progression 

Skin cancer is one of the most common cancers by which people are affected frequently. In  

terms of highlighting the most prominent cause of SC development, it was found the existence of 

skin cancer stem cells which is crucially involved in several types of skin cancer development. 

Their self-renewing, differentiated ability is triggered by some cell surface markers like CD34, 

CD200, CD49f, and ALDH1(Jian et al., 2017). Moreover, over-activated SOX-2, OCT4, MYC, 

coupled with ATP binding cassette and dysregulated Wnt/β catenin pathway act as an initiator of 

malignant formation in skin cells which help in cancer stem cell survival too (Bose & Shenoy, 

2014; Chen & Wang, 2019; Wuebben & Rizzino, 2017). The extreme tumorigenesis skill of 

CSCs is extended by the interference of the SIRT6 enzyme which is overexpressed in 

keratinocytes-derived skin cells due to UV exposure. Nevertheless, SIRT6 activates the AKT 

pathway through COX-2 activation which suppressed the AMPK pathway ultimately creates a 

favorable condition for skin cancer cell invasion and development (Ming et al., 2014). 

Additionally, from the western blot and immunohistochemical inspection followed by in vivo test 

in transgenic mice it was observed that by invigorating those cell surface markers, transcription 

factors, and dysregulated pathways with the prohibition of 3’ UTR PTEN signals, both cancer 

stem cells, and SIRT6 can equally contribute in EMT formation and play a major role in skin 

cancer development illustrated by (Figure 7) (Biddle et al., 2011; Desantis et al., 2017). 
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Figure 7: Impacts of SIRT6 on cancer stem cells (CSCs) and several cancer progressions (Han et 

al., 2019; Shong et al., 2020) 

 

 

4.1.1.4 Impacts of SIRT6 on cancer stem cell and diffuse large B cell lymphoma (DLBCL) 

progression 

 

Diffuse large B cell lymphoma is an aggressive hemophagocytic syndrome that generally existed 

in bone marrow, spleen, and liver (Chang et al., 2020). From the gene microarray and flow 

cytometry analysis, several biomarkers like HOXA9, CCR6, S100A8, ALDH high are found to be 

overexpressed which resembles the presence of cancer stem cells in DLBCL where the markers 

are highly facilitated by the interference of SIRT6 strongly responsible for the initiation of 

DLBCL (Shong et al., 2020; Chang et al., 2020). SIRT6 brings the dynamic result in terms of 

CSCs and diffuse large B cell lymphoma formation through activating FOXO4, NANONG 

genes, and PI3k/Akt/mTOR signaling pathways (Figure 7) (Chang et al., 2020; Ryu et al., 2017). 

Knockdown of both CSCs and SIRT6 expression exchange malignant function by showing the 
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susceptibility of several antineoplastic agents (Guzmán et al., 2020; Yang et al., 2020). 

Therefore, close reciprocity between CSCs and SIRT6 in DLBCL development has been 

observed through this evaluation. 

4.1.1.5 Role of SIRT6 on cancer stem cells (CSCs) in acute myeloid lymphoma development 

The presence of cancer stem cells was first discovered in acute myeloid leukemia (AML) which 

possess self-renewing proficiency and influence neoplastic cells to proliferate asymmetrically 

which finally leads to cancer (Villatoro et al., 2020). In this case, AML occurs due to the 

collaboration of CSCs niche and the enrichment of leukemic stem cell (LSC) characterized by 

several activated markers like Lin CD34+ CD38-, CD123+, Lin C0038 conciliated by the 

upregulation of MYC, CXCL12, CXCR7, NF-kβ along with some adhesion molecule like 

Integrin-VL4, Eph receptors, CD98, CD44 that aid to express LSCs and protect them from 

degradation thus helps to retain their stemness in AML observed via flow cytometric analysis 

(Hope et al., 2004; Villatoro et al., 2020). Besides, Wnt, NOTCH, and Hedgehog are equally 

accountable for LSC progression (Horton et al., 2012). To hasten the CSCs activity, a mutated 

SIRT6 that becomes unable to maintain DNA stability is involved in AML progression produced 

via DNA-PKCs, and CtIP deacetylation. Besides activating such pathways especially in the 

leukemic hematopoietic CD34+ cell, it can exaggerate LSC and form acute myeloid lymphoma 

in the host body proved a positive implication with CSCs (Cagnetta et al., 2018). 

4.2 Tumor Suppressive implication between SIRT6 and Cancer stem cells 

 
Either overexpression or downregulation of SIRT6 is evidenced in some cancers like ovarian 

cancer, glioma, nasopharyngeal, non-small cell lung cancer, pancreatic cancers, colorectal, 

gastric carcinoma as well as endometrial cancers where it suppresses cancer proliferation in such 

types of cancers (Figure 8) (Ahmed et al., 2013; Biserova et al., 2021; Diehn & Majeti, 2010; 
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Pasca et al., 2011). The tumor spherical formation and the metastatic ability is harbored by the 

involvement of cancer stem cells (CSCs) that are accelerated due to the activated specific cell 

markers like CD44+, CD24+, CD87+, CD44+, CD133+ required for cancer development in such 

kind of cancers (Gao et al., 2019). 

Figure 8: Role of SIRT6 as a tumor suppressor (Ahmed et al., 2013; Biserova et al., 2021) 

 

 
SIRT6 acts as a tumor suppressor on those cancers that can hinder stem cells plasticity and 

ubiquitous nature by prohibiting such indicators as well as inhibiting signaling pathways like 

NOTCH3, ERK1/2, JAK2/STAT3, NANOG, and Akt/mTOR. Moreover, cancer spreadability is 

also inhibited by the inactivation of several transcription factors and oncogenes like TGFβ1, 

NFκβ, OCT-4, SNAIL1, and TWIST1 by Sirtuin 6 (Ahmed et al., 2013; Biserova et al., 2021; 

Herreros et al., 2019). Therefore, a negative correlation of SIRT6 is observed in terms of 

maintaining the stemness of CSCs that ultimately can take a part in malignant prevention in such 

types of cancers illustrated by (Figure 8). 
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4.2.1 Ovarian Cancer stem cells (OCSCs) and SIRT6 in ovarian cancer suppression 

 
Ovarian cancer is one of the deadliest gynecological disorders occurring frequently nowadays 

(Keyvani et al., 2019; Singomat et al., 2018). Cancer stem cells accompanied with high 

differentiated capability and decisive tumorigenesis are crucially responsible for ovarian cancer 

development. Their special features are retained due to the influence of tumor 

microenvironmental alteration, over-expression of designated cellular markers such as CD24+, 

CD44+, ALDH1A1, ALDH2A2, CD133+, and CD117+ (Jr et al., 2010; Muinao et al., 2017). 

Along with this, the most important transcription factor known as NOTCH 3 helps cancer stem 

cells to create extreme formation and invasion of malignant cells and shows poor prognostic 

manner against all possible therapies (Ahmed et al., 2013; Jung et al., 2010). Upon analyzing the 

connection between cancer stem cells and SIRT6 in ovarian cancer regulation many laboratory 

tests are conducted by using SKOV3/OVCR3 cell lines where an over-expressive SIRT6 is 

observed which can help to deteriorate the stemness of tumor propagating cells through 

hindering the NOTCH 3 signals may help to eradicate both ovarian cancer stem cells and ovarian 

cancer (OCa) progression (Figure 9) (Jung et al., 2010). 

4.2.2 Non- small cell lung cancer stem cells (NCSCs) and SIRT6 implication in non-small 

cell lung cancer suppression 

Lung cancer is one of the most threatening ones that expand globally nowadays. Generally, there 

are two types of lung cancer from which the majority of people have been affected by non-small 

cell lung cancer which arises from peripheral tissues (Prabavathy et al., 2018). Like other types 

of cancers, the expansion of malignancy inside the non-small cells of lungs is stimulated by the 

small subpopulation of cells popularly known as CSCs which are characterized by its specific 

cell markers named LGR5, CD87, CD133, and CD117, etc. (Gao et al., 2019; Janikova et al., 
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2010; Shao et al., 2014). From various experiments, it was presumed that SIRT6 is present in a 

downregulated form to eradicate CSCs plasticity by rendering the marker expression. Highly 

activated cell markers due to the influence of some transcription factors SOX-2, OCT4, SNAIL1, 

and activated regulatory signals like Wnt/β catenin, hedgehog, NOTCH, NANONG, PI3k/Akt 

govern the CSCs tumorigenesis ability in the absence of SIRT6 thus, provokes cancer cells to 

show angiogenesis, helps cancer cells to evade from apoptosis, therefore, ensures the durability 

of cancer cells (Herreros et al., 2019; Zakaria et al., 2015). To suppress this abnormal cell 

proliferation of both CSCs and cancer cells, SIRT6 is involved which become downregulated 

and helps to EMT prevention via blocking SNAIL1 and TWIST1 factors along with preventing 

such signals, and CSCs surface marker expression, therefore, can inactivate cancer stem cells and 

prevent non-small lung cancer cells from abrupt proliferation serves ultimately as a tumor 

suppressor (Figure 9) (Han et al., 2014). 

4.2.3 Implication of SIRT6 on pancreatic and colorectal cancer stem cells (CSCs) and 

cancer suppression 

In order to find out the possible implication of both pancreatic and colorectal cancer stem cells 

with SIRT6, it was discerned that there have some similarities in both types of cancer stem cells 

nature. The retaining tendency of CSCs plasticity and pervasive nature is facilitated by 

hepatocyte growth factor-mediated c-met, CD24, CD133, EpCAM, and CXCR4 surface markers 

observed in the pancreas (Lee et al., 2021; Pasca et al., 2011). Likewise, almost the same surface 

markers’ existence is observed in colorectal cancer stem cells that are EpCAM, CD24, CD29, 

from which CD133+ is the most dominant markers help in the self-renovation of colorectal stem 

cells, and facilitates the highest degree of proliferation of malignant cells finally mitigate 

metastasis (Diehn & Majeti, 2010; Langan et al., 2013). Moreover, for both types of cancer stem 

cells, there is a significant influence of several signaling pathways that are Wnt/β catenin, 
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NOTCH, Hedgehog, PI3K/Akt/mTOR, JAK2/STAT3 that gradually influence cells to undergo 

metastasis through-provoking CSCs (Kemper et al., 2010; Shirmohamadi & Hajiasgharzadeh, 

2019; Wong, 2011). Apart from this, several transcription factors, ZEB1, SNAIL1, and TWIST1 

facilitate pancreatic cells to produce a solid mass of tumor whereas ABCG2, PARP1, Beclin-1 

are other types of transcription factors that insist colorectal cancer cells to metastasize into 

distant organs (Manic et al., 2021; Yin et al., 2007; Zhang et al., 2019; Zhu et al., 2021). For 

fruitful eradication, SIRT6 is considered as a promising target that can act as a tumor suppressor 

by inhibiting the following markers, a regulatory signal named Akt cascade, and corresponding 

transcriptional factors in presence of the FOXO3a gene (Figure 9) (Kugel et al., 2017; Tian & 

Yuan, 2018; Zhang et al., 2019). Lastly, SIRT6, a tumor preventer shown as the decreased 

amount in the cancerous cell lines thus helps to eradicate not only cancer stem cells aggressive 

proliferation but also malignant cell formation in both pancreas and colorectal site observed by in 

vivo and in vitro tests. 

 

Figure 9: Impacts of SIRT6 on cancer stem cells (CSCs) and some cancer suppression (Fu et al., 

2020; Zhang et al., 2019) 
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4.2.4 Gastrointestinal cancer stem cells (GCSCs) and SIRT6 implication 

 
Gastrointestinal cancer is developed also because of the presence of gastrointestinal cancer stem 

cells which are already incorporated inside the cancer cells and serve as a prominent driver for 

malignant formation in the GI tract (Fu et al., 2020). Due to sharing of the same entities, 

gastrointestinal cancer stem cells also show self-renewing capability, possessed with 

differentiation potentiality expressed by specific markers like CD24, CD44, CD90, CD171, and 

EpCAM. Furthermore, the incorporation of poorly regulated NOTCH, Wnt, JAK2/STAT3, even 

Hedgehog signaling pathways that alter normal cellular fate and can promote malignancies in the 

GI tract observed via expression of the CDX2 gene driven the cells to form metastatic 

gastrointestinal cancers which show poor recovery, and remittance properties over the time 

(Lizárraga et al., 2020; Xiao & Zhou, 2020; Zhang & Que, 2020). To minimize this extensive 

proliferative nature of malignancy, SIRT6 are mechanistically involved since it becomes able to 

restraint malignancy by hindering several signaling cascade regulation that are Wnt, NOTCH, 

Hedgehog, JAK2/STAT3 and surpassing the designated markers of CSCs, therefore, can 

negatively regulate cancer stem cells eventually involved in GI cancer prohibition (Figure 9) 

(Zhou et al., 2017). 

4.2.5 Connection of endometrial cancer stem cells (ECSCs) and SIRT6 in endometrium 

cancer suppression 

Endometrial cancer is one of the most frequent gynecological disorders comprised of two types 

that are type-I which is known as estrogen-dependent-endometrioid and type–II estrogen- 

independent-endometrioid endometrial cancer (Giannone et al., 2019). Disruption of lots of 

regulatory and transcriptional protein namely OCT4, NANONG, SOX2, several ECSCs markers 

include CD44, CD55, CD133, CD177, most significantly ALDH1 as well as the involvement of 
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some microRNA and the mutant pathways such as Wnt, Notch, Hedgehog are the promoter of 

endometrial cancer progression as all of these factors provide the self-proliferative capacity of 

stem cells, very prone to influence differentiation and involved in cancer progression and 

metastasis. By undergoing cell-based assay and overviewing laboratory data it was speculated 

that SIRT6 also contributes to EC suppression via repressing the self-renewing capability of 

cancer stem cells through blocking several biomarker expression of CSCs, and corresponding 

regulatory signals conclusively promote cell cycle arrest laterally influenced malignant cells to 

undergo apoptosis which results in cancerous cell growth inhibition ultimately acts as a 

prognostic marker for endometrial cancer stem cell and endometrial cancer repression (Figure 9) 

(Fukuda et al., 2015). 



29  

 

 
Table 2: Effects of CSCs due to SIRT6 and the drug resistance nature of various cancers 

 

 

 

Cancer Types SIRT6 

regulation 

Resistant drugs References 

Breast cancer  

 

Doxorubicin, 5-flurouracil, 

Methotrexate 

(Faria et al., 2020) 

Hepatocellular 

carcinoma 

 

 
5-FU, doxorubicin, sorafenib (Wen et al., 2016) 

Skin Cancer 
 

 

Cisplatin, Platinum-based therapy, 

Antifolate, methotrexate 

(Capalbo et al., 

2018) 

Diffuse large B 

cell lymphoma 

 

 
Rituximab, doxorubicin, vincristine (Klener, 2020) 

Acute Myeloid 

leukemia 

 

 
Darubicin, daunorubicin, 

arabinoside 

(Chen, 2019) 

Ovarian cancer 
 

 
Paclitaxel, Cyclophosphamide (Chen et al., 2017) 

Non-small cell 

lung cancer 

 

 

Paclitaxel, cisplatin, vinca alkaloids (Olivero et al., 2013) 

Pancreatic 

carcinoma 

 

 
5-FU, gemcitabine (Shi & Kleeff, 2002) 

Colorectal 

carcinoma 

 

 

Oxaliplatin,5-FU, leucovorin (Jeught et al., 2018) 

Gastrointestinal 

cancer 

 

 

Cisplatin, 5-FU (Huang et al., 2016) 

Endometrial 

cancer 

 

 

Paclitaxel, cisplatin, docetaxel (Moxley et al., 2010) 

 

= Down-regulation = Up-regulation 
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Chapter 5: Modulation of SIRT6 

 
5.1 Modulation of SIRT6 by Activators and Inhibitors 

 
SIRT6 is an endogenous enzymatic protein that plays a crucial role in cancer regulation. Via 

analyzing several reports, it was observed that there are several natural modulators are present 

which have a great impact on the pharmacological function of SIRT6 where the efficacy of 

modulators is varied from compound to compound (Fiorentino et al., 2021). The deacetylating 

activity of SIRT6 is increased by the influence of Free Fatty Acid (FFA), Quercetin, Cyanidin, 

and UBCS039 and they all can enhance the SIRT6 activity up to specific EC50 ranges shown in 

Table 3 (Fiorentino et al., 2021). The binding affinity of several activators like UBCS039, 

myristic acid, Quercetin, and Cyanidin are modulated by attaching to the hydrophobic site, Zn2+ 

domain binding site respectively followed by certain specificity that causes allosteric changes of 

SIRT6 and accelerate its activity hence can hasten the aberrant proliferation of both cancer stem 

cells and cancer cells in many types of cancers (Fiorentino et al., 2021; Rahnasto-rilla et al., 

2018). 

On the other hand, there are several types of natural polyphenols are found which can decrease 

the SIRT6 cellular activity that are nicotinamide, ADP ribose, Nε-thioacyl-lysine containing 

peptide, and OSS_12816 shown in Table 4 (Bolívar & Welch, 2017; Fatkins et al., 2006; 

Fiorentino et al., 2021). These modulators prevent the tumor-promoting nature of SIRT6 by 

targeting a specific site of SIRT6 and create allosteric modulation that diminishes the 

pharmacological activity of SIRT6 (Fiorentino et al., 2021). Through binding into the 

hydrophobic pocket, they irreversibly minimize SIRT6 activity at several extents of IC50 ranges. 

For this reason, SIRT6 becomes unable to trigger cell proliferation help in CSCs and cancer cell 

inhibition. 
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Table 3: Structure and mechanism of activation of SIR6 activators 

 

 

Name Mechanism of Action Result Reference 

Myristic 

Acid 

Myristic acid belongs to the class of free 

fatty acid binds with the same 

hydrophobic site of SIRT6 brings 

conformational changes in SIRT6 thus 

altering activity and can reversibly 

demyristoylated H3 peptide (Figure 10). 

Catalytic efficacy 

(Kcat/Km) = 35-fold 

at 400μm 

EC50= 246μm 

(Fiorentino et 

al., 2021) 

Cyanidin Cyanidin binds into the allosteric site of 

SIRT6 and exerts the activity. The 

modulation of SIRT6 is also regulated 

by the activation of FOXO3a as well as 

the inactivation of TWIST1 and GLUT1 

during the binding of cyanidin in SIRT6 

site (Figure 10). 

It shows dose- 

dependency  and 

deacetylation 

enhancement when 

EC50= 460μm 

(Rahnasto-rilla 

et al., 2016) 

UBCS039 This is the first synthetic derivative that 

binds with SIRT6 benzene moiety and 

interacts with several amino acids finally 

extending SIRT6 deacetylating activity 

(Figure 10). 

It increases SIRT6 

activity up to 3.5- 

fold at EC50 level = 

38μm 

(Fiorentino et 

al., 2021) 
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Table 4: Structure and mechanism of inhibition of SIR6 inhibitors 

 

 
 

Name Mechanism of Inhibition Result Reference 

Nicotinamide Nicotinamide is a weak non- 

competitive inhibitor produced 

during deacylation of SIRT6 

and also creates a 

conformational change  of 

SIRT6 through attaching the 

allosteric domain site of that 

enzyme (Figure 10). 

IC50 value = 153 μm 

(HPLC assay) and in 

fluorogenic assay shows 

IC50 value =184 μm 

(Bolívar & 

Welch, 2017) 

Nε-thioacyl- 

lysine 

containing 

peptide 

This SIRT6 inhibitor restraints 

catalytic activity of SIRT6 via 

nucleophilic reaction which 

occurs at the carbonyl position 

of the acyl group, therefore, able 

to block the catalytic activity of 

SIRT6 and hindered cell 

proliferation at the initial step 

(Figure 10). 

For BJHJ_TM1 IC50=2.8 

μm 

 
For BJHJ_TM2 IC50=8.1 

μm 

 
For BJHJ_TM3 IC50=1.7 

μm 

(Fatkins et al., 

2006) 

Oss_128167 It can extend the TNF-α 

secretion and enhance glucose 

uptake followed by expressing 

GLUT-1 pathways in BxPC3 

cells consequently contributing 

in several cancer inhibitions 

(Figure 10). 

It shows IC50 level = 

89μm 

(Fiorentino et 

al., 2021) 
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Figure 10: SIRT6 
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Figure 10: SIRT6 Activators and Inhibitors (Fiorentino et al., 2021) 

SIRT6 Activators 

Myristic Acid Cyanidin UBCS039 

SIRT6 Inhibitors 

Nicotinamide Nε thioacyl-lysine containing peptide Oss_128167 
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Chapter 6: Findings and Discussion 

 
Cancer is the uncontrollable division of an abnormal cell that makes the cell vulnerable and 

gradually attenuates the patient’s life span. Though there is a massive cause of the development 

of cancer, however, the most prominent cause of this terrible disease is found, the presence of 

cancer stem cells which appears either from the normal progeny or from the cancer cell crucially 

responsible for the development of heterogenous tumors (Dalerba et al., 2007; Ayob & 

Ramasamy, 2018). 

This project paper emphasizes the tumor-forming capability of CSCs, diverse biological role of 

SIRT6 as well as illustrates the correlation of CSCs with the endogenous protein SIRT6 which is 

dichotomous in nature and involved in the regulation of malignancy based on the cancer state 

and location (Chang et al., 2021; Sima et al., 2015). Upon highlighting the role of CSCs and 

SIRT6 in cancer regulation it was observed that there are several pathways like 

PI3K/Akt/mTOR, JAK2/STAT3, ERK1/2, and Wnt-β catenin which are common for both cancer 

stem cells and SIRT6 on which SIRT6 either promotes or suppresses cancer noticed in breast, 

liver, skin, ovary, lungs, gastric, pancreas, colon, and endometrium respectively that were 

discussed above (Abdollahi et al., 2019). 

In addition, this paper also demonstrates the contribution of SIRT6 on CSCs self-renovative 

nature coupled with tumorigenic potentiality which is mediated by several cell surface markers 

including CD24, CD26, CD44, CD133, CD166, and ALDH1, several transcription factors-like 

TGF-β, NF-κβ, ZEB1, and ZEB2, etc. together with the involvement of several activated 

oncogenes such as SOX2, OCT4, SNAIL, TWIST1 as well that collectively provoke CSCs to 

develop a mass of malignant tumor via performing uncontrolled cell division of cancerous cells 
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help CSCs to persist hence play a significant role in cancer progression and make cancer cell 

resistant against all possible chemotherapies that are mainly detected in breast, liver, skin and 

blood cancers named AML (Abdollahi et al., 2019; Sima et al., 2015). 

Along with this, an interesting approach of SIRT6 on CSCs suppression is also the significant 

point of this project paper which highlights the specific types of cancers like cancers from human 

ovary, GI tract where SIRT6 can prohibit the cell surface markers of cancer stem cells like 

CD24+, CD200+, Lin CD 24+, Lin CD 38- and so on along with equally take a part of some 

pathway prohibition like Akt/mTOR, Wnt/β cassettes and activation of PTEN, AMPK tumor 

suppressor signals which finally can hinder cancer abnormal differentiation inside the host 

results in natural tumor degradation (Xiao & Zhou, 2020; Manic et al., 2021). 

Therefore, several SIRT6 activators and inhibitors are also the highlighted points discussed in 

this project paper where it was focused that activators extend SIRT6 activity by following 

specific EC50 ranges, on the other hand, SIRT6 inhibitors attenuate the activity of this enormous 

enzyme at several IC50 levels (Fiorentino et al., 2021). 

Despite having several common pathways of CSCs and SIRT6 in cancer management, the exact 

implication between CSCs and SIRT6 are still being questioned due to lack of definite data. So, 

to establish a valid implication, more confirmatory studies are necessary for better identification 

and productive diagnosis of cancer. 
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Chapter 7: Conclusion and Future Prospect 

 

Conclusion 

 
The role of cancer stem cells and SIRT6 in cancer modulation has been studied over the past 

decades. From several studies, it was found that cancer stem cells existing within the subgroup of 

malignant cells are crucially responsible for tumor initiation, progression, and metastasis even 

also involved in tumor recurrence and relapses as well. The retaining capability of the cancer 

stem cells is modulated by several cell surface markers, transcription factors, and pathways. 

Additionally, a multifunctional role of SIRT6 is also an interesting point that revealed the 

upstream and downstream involvement in cancer regulation based on cancer context. By 

highlighting all the possible factors, it can be implicated that SIRT6 is closely associated with 

cancer stem cells thus involved in either CSCs formation or suppression in several cancers. 

 

 
Future Prospect 

 
 Designing novel anticancer therapeutics by targeting the common pathways and signaling 

factors of both cancer stem cells (CSCs) and SIRT6 to complete the eradication of cancers. 

 Production of potent SIRT6 analogs for effective suppression of cell surface markers of 

CSCs. 

 Implementation of RNA-based therapy followed by genetic engineering method to alter the 

tumor-promoting activity of SIRT6 and CSCs in some cancer. 

 Design of an aptamer-induced exosome to prevent the tumor promoting function of SIRT6 

for minimization of certain types of cancer. 

 Delivery of SIRT6 by incorporating monoclonal antibody-based therapy. 



37  

References 

 
Abdollahi, H., Hamid, S., & Moghaddam, Z. (2019). Cancer stem cells : A review from origin to 

therapeutic implications. Journal of Cellular Physiology, 235 (2), 1–14. 

https://doi.org/10.1002/jcp.29044 

Ahmed, N., Abubaker, K., & Findlay, J. K. (2013). Molecular Aspects of Medicine Ovarian 

cancer stem cells : Molecular concepts and relevance as therapeutic targets. Journal of 

Molecular Aspects of Medicine, 39, 110-125. https://doi.org/10.1016/j.mam.2013.06.002 

Arnold, C. N., Sosnowski, A., Schmitt-gr, A., Arnold, R., & Blum, H. E. (2007). Analysis of 

molecular pathways in sporadic neuroendocrine tumors of the gastro-entero-pancreatic 

system. International Journal of Cancer, 120, 2157–2164. 

https://doi.org/10.1002/ijc.22569 

Ayob, A. Z., & Ramasamy, T. S. (2018). Cancer stem cells as key drivers of tumour progression. 

 

Journal of Biomedical Science,1–18. https://doi.org/10.1186/s12929-018-0426-4 

 

Bae, J. S., Park, S., Jamiyandorj, U., Kim, K. M., Noh, S. J., Kim, R., Sylvester, K. G., & Jang, 

 

K. Y. (2016). CK2 a / CSNK2A1 Phosphorylates SIRT6 and Is Involved in the 

Progression of Breast Carcinoma and Predicts Shorter Survival of Diagnosed Patients. 

The American Journal of Pathology, 186(12), 3297–3315. 

https://doi.org/10.1016/j.ajpath.2016.08.007 

Becherini, P., Caffa, I., Piacente, F., Damonte, P., Vellone, V. G., Passalacqua, M., Benzi, A., 

Bonfiglio, T., Reverberi, D., Khalifa, A., Ghanem, M., Guijarro, A., Tagliafico, L., 

Sucameli, M., Persia, A., Monacelli, F., Cea, M., Bruzzone, S., Ravera, S., & Nencioni, 

A. (2021). SIRT6 enhances oxidative phosphorylation in breast cancer and promotes 

mammary    tumorigenesis    in    mice.    Cancer    &    Metabolism,    1–16.https://    doi: 



38  

10.1186/s40170-021-00240-1 

 

Beck, B., & Blanpain, C. (2013). Unraveling cancer stem cell potential. Nature Publishing 

Group, 13(10), 727–738. https://doi.org/10.1038/nrc3597 

Biddle, A., Liang, X., Gammon, L., Fazil, B., Harper, L. J., Emich, H., Costea, D. E., & 

Mackenzie, I. C. (2011). Cancer Stem Cells in Squamous Cell Carcinoma Switch 

between Two Distinct Phenotypes That Are Preferentially Migratory or Proliferative. 

Tumor and Stem Cell Biology, (20), 5317–5327. https://doi.org/10.1158/0008- 

5472.CAN-11-1059 

Biserova, K., Jakovlevs, A., Uljanovs, R., & Strumfa, I. (2021). Cancer Stem Cells : Significance 

in Origin , Pathogenesis and Treatment of Glioblastoma. Cells, 10 (3), 1–20.https://     

doi: 10.3390/cells10030621 

Bolívar, A. B. E., & Welch, J. T. (2017). Studies on the binding of modest modulators of the human 

enzyme , Sirtuin 6 , using STD-NMR. European Journal Of Chemical Biology, 1-11. 

https://doi.org/10.1002/cbic.201600655 

Bose, B., & Shenoy, S. (2014). Their Stem Cell Stem Cell versus Cancer and Cancer Stem Cell : 

Intricate Balance Decides Their Respective Usefulness or Harmfulness in the Biological 

System. Stem Cell Research & Therapy,2 (9), 2-9. https://doi.org/10.4172/2157- 

7633.1000173 

Butti, R., Gunasekaran, V. P., Kumar, T. V. S., Banerjee, P., & Kundu, G. C. (2018). Breast 

Cancer Stem Cells: Biology and Therapeutic Implications. International Journal of 

Biochemistry and Cell Biology, 107, 38-52. https://doi.org/10.1016/j.biocel.2018.12.001 

Cagnetta, A., Soncini, D., Orecchioni, S., Talarico, G., Minetto, P., Guolo, F., Retali, V., 

Colombo, N., Carminati, E., Clavio, M., Miglino, M., Bergamaschi, M., Nahimana, A., 

https://dx.doi.org/10.3390%2Fcells10030621


39  

Duchosal, M., Todoerti, K., Neri, A., Passalacqua, M., Bruzzone, S., Nencioni, A., … 

Cea, M. (2018). Depletion of SIRT6 enzymatic activity increases acute myeloid leukemia 

cells’ vulnerability to DNA-damaging agents. European Hematology Association,103(1) 

80-90. https://doi.org/10.3324/haematol.2017.176248 

Cai, J., Zuo, Y., Wang, T., Cao, Y., Cai, R., Chen, F., Cheng, J., & Mu, J. (2016). Short 

Communication A crucial role of SUMOylation in modulating Sirt6 deacetylation of H3 

at lysine 56 and its tumor suppressive activity. Oncogene, 35 (37), 1–8. 

https://doi.org/10.1038/onc.2016.24 

Cai, M., Hu, Z., Han, L., & Guo, R. (2020). MicroRNA-572/hMOF/Sirt6 regulates the 

progression of ovarian cancer. Cell Cycle, 19(19), 2509–2518. 

https://doi.org/10.1080/15384101.2020.1809258 

Chang, A. R., Ferrer, C. M., Mostoslavsky, R., Chang, A. R., Ferrer, C. M., & Mostoslavsky, R. 

(2021). Sirt6 A Mammalian Deacylase With Multitasking Abilities. American Cancer 

Society,100 (1), 145–169. https://doi.org/10.1152/physrev.00030.2018 

Chang, K. C., Chen, R. Y., Wang, Y. C., & Hung, L. Y. (2020). Stem cell characteristics 

promote aggressiveness of diffuse large B cell lymphoma Ingenuity Pathway Analysis 

software. Scientific Reports, 1–17. https://doi.org/10.1038/s41598-020-78508-7 

Chen, B. (2019). Mechanisms of drug resistance in acute myeloid leukemia. OncoTargets and 

Therapy, 1937–1945. https://doi: 10.2147/OTT.S191621 

Chen, F., Zhang, J., Fang, X., Yu, H., Liu, Y., Li, H., Wang, Y., & Chen, M. (2017). Reversal of 

paclitaxel resistance in human ovarian cancer cells with redox-responsive micelles 

consisting of α-tocopheryl succinate-based polyphosphoester copolymers. Acta 

Pharmacologica Sinica, 38(6), 859–873. https://doi.org/10.1038/aps.2016.150 



40  

Chen, D., & Wang, C. (2019). Targeting cancer stem cells in squamous cell carcinoma. Precisin 

Clinical Medicine, 2(3), 152–165. https://doi.org/10.1093/pcmedi/pbz016 

Chen, W., Liu, N., Zhang, H., Chen, W., Liu, N., Zhang, H., Zhang, H., Qiao, J., Jia, W., Zhu, S., 

& Mao, Z. (2017). Sirt6 Promotes DNA End Joining in iPSCs Derived from Old Mice 

Article Sirt6 Promotes DNA End Joining in iPSCs Derived from Old Mice. Cell Reports, 

18(12), 2880–2892. https://doi.org/10.1016/j.celrep.2017.02.082 

Capalbo, C., Belardinilli, F., Filetti, M., Parisi, C., Petroni, M., Colicchia, V., Tessitore, A., 

Santoni, M., Coppa, A., Giannini, G., & Marchetti, P. (2018). Effective treatment of a 

platinum resistant cutaneous squamous cell carcinoma case by EGFR pathway inhibition. 

Molecular And Clinical Oncology, 30–34. https://doi.org/10.3892/mco.2018.1634 

 

Ciuffreda, L., Sanza, C. Di, Incani, U. C., & Milella, M. (2010). The mTOR Pathway : A New 

Target in Cancer Therapy. Current Cancer Drug Targets,10 (5), 484–495.https://doi: 

10.2174/156800910791517172 

 

Dalerba, P., Cho, R. W., & Clarke, M. F. (2007). Cancer Stem Cells : Models and Concepts. 

 

Annual Review Medicine, 58, 267-284,https://doi.org/10.1146/annurev.med.58.062105.204854 

 
Deberardinis, R. J., Lum, J. J., Hatzivassiliou, G., & Thompson, C. B. (2008). Review The 

Biology of Cancer : Metabolic Reprogramming Fuels Cell Growth and Proliferation. Cell 

Press, 7 (1), 11–20. https://doi.org/10.1016/j.cmet.2007.10.002 

Desantis, V., Lamanuzzi, A., & Vacca, A. (2017). The role of SIRT6 in tumors. Haematologica, 

103 (1), 1–4. https://doi.org/10.3324/haematol.2017.182675 

Diehn, M., & Majeti, R. (2010). In Translation Metastatic Cancer Stem Cells : An Opportunity 

https://doi.org/10.2174/156800910791517172


41  

for Improving Cancer Treatment ?. Stem Cell, 6(6), 502–503. 

https://doi.org/10.1016/j.stem.2010.05.001 

Dobrzycka, B., & Terlikowski, S. J. (2010). Biomarkers as prognostic factors in endometrial 

cancer. Folia Histochemica Et Cytobiologica , 48(3), 319–322. https:// doi: 

10.2478/v10042-10-0061-8 

Dong, P., Kaneuchi, M., Konno, Y., Watari, H., Sudo, S., & Sakuragi, N. (2013). Emerging 

Therapeutic Biomarkers in Endometrial Cancer. Biomed Research International, 2013, 1- 

11. https:// doi: 10.1155/2013/130362. 

Faria, D., Leis-filho, A. F., Laufer-amorim, R., Battazza, A., & Fonseca-alves, C. E. (2020). 

Mechanisms of Resistance to Chemotherapy in Breast Cancer and Possible Targets in 

Drug Delivery Systems. Pharmaceutics, 12 (12), 1–20. https:// doi: 

10.3390/pharmaceutics12121193 

Fiorentino, F., Carafa, V., Favale, G., Altucci, L., Mai, A., & Rotili, D. (2021). The Two-Faced 

Role of SIRT6 in Cancer. Cancers, 13 (5), 1–24. https://doi: 10.3390/cancers13051156. 

Fiorentino, F., Mai, A., & Rotili, D. (2021). Emerging Therapeutic Potential of SIRT6 

Modulators. Journal of Medicinal Chemistry, 64, 9732-9758 

https://doi.org/10.1021/acs.jmedchem.1c00601 

 
Fu, L., Bu, L., Yasuda, T., Koiwa, M., Akiyama, T., Uchihara, T., Baba, H., & Ishimoto, T. 

(2020). Gastric Cancer Stem Cells : Current Insights into the Immune Microenvironment 

and Therapeutic Targets. Biomedicines, 8 (1), 2–11. https://doi: 

10.3390/biomedicines8010007 

Fukuda, T., Wada-hiraike, O., Oda, K., Tanikawa, M., Makii, C., Kawana, K., Fukayama, M., 

Osuga, Y., & Fujii, T. (2015). Putative tumor suppression function of SIRT6 in 



42  

endometrial cancer. FEBS Letters, 589(17), 2274–2281. 

https://doi.org/10.1016/j.febslet.2015.06.043 

Gaál, Z., & Csernoch, L. (2020). Impact of Sirtuin Enzymes on the Altered Metabolic Phenotype 

of Malignantly Transformed Cells. Frontiers in Oncology, 10, 1–9. 

https://doi.org/10.3389/fonc.2020.00045 

Gandhi, J., Afridi, A., Vatsia, S., Joshi, G., Joshi, G., Kaplan, S. A., & Smith, N. L. (2017). The 

molecular biology of prostate cancer : current understanding and clinical implications. 

Prostate Cancer and Prostatic Diseases, 21, 22-36. https://doi.org/10.1038/s41391-017- 

0023-8 

Gao, F., Xu, J., You, X., Gao, X., Wei, J., Li, S., Zhu, C., & Yang, C. (2019). The biological 

functions of LGR5 in promoting non-small cell lung cancer progression. Translational 

Cancer Research, 8(4), 203–211. https://doi.org/10.21037/tcr.2019.01.24 

Giannone, G., Attademo, L., Scotto, G., Genta, S., Ghisoni, E., Tuninetti, V., Aglietta, M., 

Pignata, S., & Valabrega, G. (2019). Endometrial Cancer Stem Cells : Role , 

Characterization and Therapeutic Implications. Cancers, 11 (11), 1–18.https:// doi: 

10.3390/cancers11111820. 

Guzmán-pérez, L. M. G. G., Krier, C. R., & Ahmad, N. (2020). The sirtuin 6 : An overture in 

skin cancer. Experimental Dermatology, 29 (2), 124–135. 

https://doi.org/10.1111/exd.14057 

Han, L. L., Jia, L., Wu, F., & Huang, C. (2019). Sirtuin6 ( SIRT6 ) Promotes the EMT of 

Hepatocellular Carcinoma by Stimulating Autophagic Degradation of E-Cadherin. 

Molecular Cancer Research, 17 (1), 2267–2281. https://doi.org/10.1158/1541- 

7786.MCR-19-0321 



43  

Han, Z., Liu, L., Liu, Y., & Li, S. (2014). Sirtuin SIRT6 suppresses cell proliferation through 

inhibition of Twist1 expression in non-small cell lung cancer. International Journal of 

Experimental Pathlogy, 7(8), 4774–4781. 

 

Hanahan, D., & Weinberg, R. A. (2011). Review Hallmarks of Cancer : The Next Generation. 

 

Cell, 144(5), 646–674. https://doi.org/10.1016/j.cell.2011.02.013 

 

Hendriks, Y. M. C., Wagner, A., Morreau, H., Menko, F., Stormorken, A., Quehenberger, F., 

Sandkuijl, L., Møller, P. A. L., Genuardi, M., Houwelingen, H. V. A. N., Tops, C., 

Puijenbroek, M. V. A. N., Tan, G. B., Breuning, M. H., Fodde, R., & Winjen, J. T. 

(2004). Cancer Risk in Hereditary Nonpolyposis Colorectal Cancer Due. 

Gastroenterology, 127(1), 17–25. https://doi.org/10.1053/j.gastro.2004.03.068 

Herreros-pomares, A., Diego, J., Calabuig-fariñas, S., Lucas, R., Martínez, A., Pardo-sánchez, J. 

M., Alonso, S., Blasco, A., Guijarro, R., Martorell, M., Escorihuela, E., Chiara, M. D., 

Duréndez, E., Gandía, C., Forteza, J., & Sirera, R. (2019). Lung tumorspheres reveal 

cancer stem cell-like properties and a score with prognostic impact in resected non-small- 

cell lung cancer. Cell Death and Disease, 1–14. https://doi.org/10.1038/s41419-019- 

1898-1 

Hoffmann, C., Mao, X., Brown-clay, J., Moreau, F., Absi, A. Al, Wurzer, H., Sousa, B., Schmitt, 

F., Berchem, G., Janji, B., & Thomas, C. (2018). Hypoxia promotes breast cancer cell 

invasion through HIF-1 α - mediated up-regulation of the invadopodial actin bundling 

protein. Scientific Reports, 1–14. https://doi.org/10.1038/s41598-018-28637-x 

Hope, K. J., Jin, L., & Dick, J. E. (2004). Acute myeloid leukemia originates from a hierarchy of 

leukemic stem cell classes that differ in self-renewal capacity. Nature Immunology, 5(7), 

738–743. https://doi.org/10.1038/ni1080 



44  

Huang, D., Duan, H., Huang, H., Tong, X., & Han, Y. (2016). Cisplatin resistance in gastric 

cancer cells is associated with HER2 mesenchymal transition. Scientific Reports, 6, 1–12. 

https://doi.org/10.1038/srep20502 

Ioris, R. M., Galie, M., Ramadori, G., Mostoslavsky, R., Baldi, P., Coppari, R., Ramadori, G., 

Anderson, J. G., & Charollais, A. (2017). SIRT6 Suppresses Cancer Stem-like Capacity 

in Tumors with PI3K Activation Independently of Its Deacetylase Activity. Cell Press,18 

(8), 1858–1868. https://doi.org/10.1016/j.celrep.2017.01.065 

Jagust, P., Alcalá, S., Jr, B. S., Heeschen, C., Sancho, P., Sancho, P., Scientist, S., Miguel, H. U., 

& Sancho, P. (2020). chemoresistance of pancreatic cancer stem cells. World Journal of 

Stem Cells, 12(11), 1410–1429. https://doi.org/10.4252/wjsc.v12.i11.1410 

Janikova, M., Dziechciarkova, M., Radova, L., & Chmelova, J. (2010). Identification Of CD133 
 

+ / Nestin + Putative Cancer Stem Cells In Non-Small Cell Lung Cancer. Biomedical 

Papers, 154 (4), 321-326. https://doi.org/10.5507/bp.2010.048 

Jemal, A., Bray, F., & Ferlay, J. (2011). Global Cancer Statistics. A Cancer Journal for 

Clinicians, 61(2), 69–90. https://doi.org/10.3322/caac.20107 

Jeught, K. Van Der, Xu, H., Li, Y., Lu, X., Ji, G., Jeught, K. Van Der, Xu, H., & Li, Y. (2018). 

Drug resistance and new therapies in colorectal cancer. World Journal of 

Gastroenterology, 24(34), 3834–3848. https://doi.org/10.3748/wjg.v24.i34.3834 

Jian, Z., Strait, A., Jimeno, A., & Wang, X. (2017). Cancer Stem Cells in Squamous Cell 

Carcinoma. Journal of Investigative Dermatology, 137(1), 31–37. 

https://doi.org/10.1016/j.jid.2016.07.033 

Jiang, H., Khan, S., Wang, Y., Charron, G., He, B., Sebastian, C., Du, J., Kim, R., Ge, E., 

Mostoslavsky, R., Hang, H. C., Hao, Q., & Lin, H. (2013). Sirt6 regulates TNFα 



45  

secretion via hydrolysis of long chain fatty acyl lysine. HHS Public Access, 496(7443), 110–

113. https://doi.org/10.1038/nature12038. 

Jin, X., Jin, X., & Kim, H. (2017). Cancer stem cells and differentiation therapy.Tumor Biology, 

39 (10), https://doi.org/10.1177/1010428317729933 

Jr, C. N. L., Goodman, B., Katre, A. A., Steg, A. D., Nick, A. M., Stone, R. L., Miller, L. D., 

 

Mejia, P. V., Jennings, N. B., Gershenson, D. M., Jr, R. C. B., Coleman, R. L., Lopez- 

berestein, G., & Sood, A. K. (2010). Targeting Aldehyde Dehydrogenase Cancer Stem 

Cells in Ovarian Cancer. Molecular Cancer Therapeutics, 9(12), 3186–3200. 

https://doi.org/10.1158/1535-7163.MCT-10-0563 

Jung, S. G., Kwon, Y. D., Song, J. A., Back, M. J., Lee, S. Y., Lee, C., Hwang, Y. Y., & An, H. 
 

J. (2010). Prognostic significance of Notch 3 gene expression in ovarian serous 

carcinoma. Cancer Science, 101(9). https://doi.org/10.1111/j.1349-7006.2010.01641.x 

Kaplan, R. N., Riba, R. D., Zacharoulis, S., Anna, H., Vincent, L., Costa, C., Macdonald, D. D., 

Jin, D. K., Kerns, S. A., Zhu, Z., Hicklin, D., Wu, Y., Port, J. L., Port, E. R., Ruggero, D., 

Shmelkov, S. V, Jensen, K. K., Rafii, S., & Lyden, D. (2010). VEGFR1-positive 

haematopoietic bone marrow progenitors initiate the pre-metastatic niche. NIH Public 

Access, 438 (7039), 820-827. https:// doi:10.1038/nature04186 

Kawahara, T. L. A., Rapicavoli, N. A., Wu, A. R., Qu, K., Quake, S. R., & Howard, Y. (2011). 

Dynamic Chromatin Localization of Sirt6 Shapes Stress- and Aging-Related 

Transcriptional Networks. Plos Genetics, 7(6), 1–12. 

https://doi.org/10.1371/journal.pgen.1002153 

Kemper, K., Grandela, C., & Medema, J. P. (2010). Molecular identification and targeting of 

colorectal cancer stem cells. Oncotarget, 1(6), 387–395.https:// doi: 



46  

10.18632/oncotarget.101003 

 

Keyvani, V., Farshchian, M., Esmaeili, S., Yari, H., & Moghbeli, M. (2019). Ovarian cancer 

stem cells and targeted therapy. Journal of Ovarian Research, 12 (1), 1–11. https:// doi: 

10.1186/s13048-019-0588-z 

Khan, D., Ara, T., Ravi, V., Srinivasan, N., Khan, D., Ara, T., Ravi, V., Rajagopal, R., Tandon, 

H., & Parvathy, J. (2021). Article SIRT6 transcriptionally regulates fatty acid transport 

by suppressing PPARγ. Cell Reports, 35(9), 109-190. 

https://doi.org/10.1016/j.celrep.2021.109190 

 

Khongkow, M., Olmos, Y., Gong, C., Gomes, A. R., Monteiro, L. J., Yagüe, E., Cavaco, T. B., 

Khongkow, P., Man, E. P. S., Laohasinnarong, S., Koo, C., Harada-shoji, N., Tsang, J. 

W., Coombes, R. C., Schwer, B., Khoo, U., & Lam, E. W. (2013). SIRT6 modulates 

paclitaxel and epirubicin resistance and survival in breast cancer. Carcinogenesis, 34(7), 

1476–1486. https://doi.org/10.1093/carcin/bgt098 

Kiyohara, M. H., Dillard, C., Tsui, J., Kim, S. R., Lu, J., Sachdev, D., Goodglick, L., Tong, M., 

 

Torous, V. F., Aryasomayajula, C., & Wang, W. (2017). EMP2 is a novel therapeutic target for 

endometrial cancer stem cells. Oncogene, 1–15. https://doi.org/10.1038/onc.2017.142 

Klener, P. (2020). Drug Resistance in Non-Hodgkin Lymphomas. International Journal of 

Molecular Sciences, 21 (6), 1–25.https:// doi: 10.3390/ijms21062081 

Kugel, S., Sebastián, C., Fitamant, J., Ross, K. N., Supriya, K., Jain, E., Gladden, A., Arora, K. 

S., Kato, Y., Miguel, N., Ramaswamy, S., Sadreyev, R. I., Goren, A., & Deshpande, V. 

(2017). SIRT6 suppresses pancreatic cancer through control of Lin28b. HHS Public 

Access, 165(6), 1401–1415. https://doi.org/10.1016/j.cell.2016.04.033.SIRT6 

Langan, R. C., Mullinax, J. E., Raiji, M. T., Upham, T., & Summers, T. (2013). Colorectal 



47  

Cancer Biomarkers and the Potential Role of Cancer Stem Cells. Journal of Cancer, 4(3), 

241-250. https://doi.org/10.7150/jca.5832 

Lee, C. J., Dosch, J., & Simeone, D. M. (2021). Pancreatic Cancer Stem Cells. Journal Of 

Clinical Oncology, 26(17). https://doi.org/10.1200/JCO.2008.16.6702 

Li, Y., Kong, D., Ahmad, A., Bao, B., & Sarkar, F. H. (2013). Pancreatic cancer stem cells : 

Emerging target for designing novel therapy. Cancer Letters, 338(1), 94–100. 

https://doi.org/10.1016/j.canlet.2012.03.018 

Liu, W., Wu, M., Du, H., Shi, X., Zhang, T. A. O., & Li, J. I. E. (2018). SIRT6 inhibits 

 

colorectal cancer stem cell proliferation by targeting CDC25A. Oncology Letters,15 (4), 

5368–5374. https://doi.org/10.3892/ol.2018.7989 

Liu, Y., & Cao, X. (2016). Perspective Characteristics and Significance of the Pre-metastatic 

Niche. Cancer Cell, 30(5), 668–681. https://doi.org/10.1016/j.ccell.2016.09.011 

Lizárraga-verdugo, E., Avendaño-félix, M., Bermúdez, M., Ramos-payán, R., Pérez-plasencia, 

C., & Aguilar-medina, M. (2020). Cancer Stem Cells and Its Role in Angiogenesis and 

Vasculogenic Mimicry in Gastrointestinal Cancers. Frontiers in Oncology, 10, 1–8. 

https://doi.org/10.3389/fonc.2020.00413 

Lobo, N. A., Shimono, Y., Qian, D., & Clarke, M. F. (2007). The Biology of Cancer Stem  Cells. 

 

Annual Reviews, 23, 675–699. https://doi.org/10.1146/annurev.cellbio.22.010305.104154 

Lu, H., Ouyang, W., Huang, C., Lu, H., Ouyang, W., & Huang, C. (2006). Inflammation , a Key 

Event in Cancer Development Inflammation , a Key Event in Cancer Development. 

Molecular Cancer Research, 221–233. https://doi.org/10.1158/1541-7786.MCR-05-0261 

 
Luo, J., Lee, S. O., Liang, L., Huang, C., Li, L., Wen, S., & Chang, C. (2014). Infiltrating bone 

marrow mesenchymal stem cells increase prostate cancer stem cell population and 



48  

metastatic ability via secreting cytokines to suppress androgen receptor signaling. 

 

Oncogene, 33,2768–2778. https://doi.org/10.1038/onc.2013.233 

 
Manic, G., Musella, M., Corradi, F., Sistigu, A., Vitale, S., Soliman, S., Rehim, A., Mattiello, L., 

Malacaria, E., Galassi, C., Signore, M., Pallocca, M., Scalera, S., Goeman, F., Nicola, F. 

De, Guarracino, A., Maria, R. De, & Vitale, I. (2021). Control of replication stress and 

mitosis in colorectal cancer stem cells through the interplay of PARP1 , MRE11 and 

RAD51. Cell Death & Differentiation, 2060–2082. https://doi.org/10.1038/s41418-020- 

00733-4 

May, C. D., Sphyris, N., Evans, K. W., Werden, S. J., Guo, W., & Mani, S. A. (2011). Epithelial 

 

– mesenchymal transition and cancer stem cells : a dangerously dynamic duo in breast 

cancer progression. Breast Cancer Research, 13 (1), 1–10. https:// doi: 10.1186/bcr2789 

Michishita, E., Mccord, R. A., Berber, E., Kioi, M., Padilla-nash, H., Damian, M., Cheung, P., 

Kusumoto, R., Kawahara, T. L. A., Barrett, J. C., Chang, H. Y., Bohr, V. A., Ried, T., 

Gozani, O., & Chua, K. F. (2008). SIRT6 is a histone H3 lysine 9 deacetylase that 

modulates telomeric chromatin. Nature, 452 (7186), 492–497. 

https://doi.org/10.1038/nature06736 

Min, L., Ji, Y., Bakiri, L., Qiu, Z., Cen, J., Chen, X., Chen, L., & Scheuch, H. (2012). Liver 

cancer initiation is controlled by AP-1 through SIRT6-dependent inhibition of survivin. 

Nature Cell Biology, 14(11), 1203–1211. https://doi.org/10.1038/ncb2590 

Ming, M., Han, W., Zhao, B., Sundaresan, N. R., & Deng, C. (2014). SIRT6 Promotes COX-2 

Expression and Acts as an Oncogene in Skin Cancer. American Association for Cancer 

Research, 5925–5934. https://doi.org/10.1158/0008-5472.CAN-14-1308 

Mohr, M., Zänker, K. S., & Dittmar, T. (2015). Cancer ( stem ) cell differentiation : An inherent 



49  

or acquired property ?. Medical Hypotheses, 1–7. 

https://doi.org/10.1016/j.mehy.2015.08.017 

Moxley, M., K., Mccmeekin, S., D. (2010). Endometrial Carcinoma: A Review of 

Chemotherapy, Drug Resistance, and the Search for New Agents Katherine. The 

Oncologist, https:// 1026–1033. https://doi.org/10.1634/theoncologist.2010-0087 

Muinao, T., Dekaboruah,ao, T., Dekaboruah, H. P., & Pal, M. (2017). Diagnostic and Prognostic 

Biomarkers in ovarian cancer and the potential roles of cancer stem cells – An updated 

review. Experimental Cell Research, 362 (1), 1-10. 

https://doi.org/10.1016/j.yexcr.2017.10.018 

 
Oncol, W. J. H., Zhang, Y., & Wang, X. (2020). Targeting the Wnt / β catenin signaling pathway 

in cancer. Journal of Hematology & Oncology, 1–16. https://doi.org/10.1186/s13045- 

020-00990-3 

Olivero, J. W., Hopper-borge, E. A., & Chase, F. (2013). Drug Resistance Mechanism in Non- 

Small Cell Lung Carcinoma. NIH Public Access, 2 (4), 265-282. 

https://doi.org/10.6000/1929-2279.2013.02.04.5 

 
Onn, L., Portillo, M., Ilic, S., Cleitman, G., Stein, D., Kaluski, S., Shirat, I., Slobodnik, Z., Einav, 

M., Erdel, F., Akabayov, B., & Toiber, D. (2020). SIRT6 is a DNA double-strand break 

sensor. Elife, 1–26.https:// doi: 10.7554/eLife.51636 

Pan, P. W., Feldman, J. L., Devries, M. K., Dong, A., Edwards, A. M., & Denu, J. M. (2011). 

Structure and Biochemical Functions of SIRT6 . Journal of Biological Chemistry, 

286(16), 14575–14587. https://doi.org/10.1074/jbc.M111.218990 

Pasca, M., Magliano, D. I., Simeone, D. M., & Cells, T. (2011). c-Met Is a Marker of Pancreatic 

Cancer Stem Cells and Therapeutic Target. Gastroenterology, 141 (6), 2218–2227. 

https://dx.doi.org/10.7554%2FeLife.51636


50  

https://doi.org/10.1053/j.gastro.2011.08.009 

 

Pisco, A. O., & Huang, S. (2015). Non-genetic cancer cell plasticity and therapy-induced 

stemness in tumour relapse : ‘ What does not kill me strengthens me .’ British Journal of 

Cancer, 112(11), 1725–1732. https://doi.org/10.1038/bjc.2015.146 

Prabavathy, D., Swarnalatha, Y., & Ramadoss, N. (2018). Lung cancer stem cells — origin , 

characteristics and therapy. Stem Cell Investigation, (5), 1–9. 

https://doi.org/10.21037/sci.2018.02.01 

Rahnasto-rilla, M., Tyni, J., Huovinen, M., Ja, E., & Kulikowicz, T. (2018). Natural polyphenols 

as sirtuin 6 modulators. Scientific Reports, 1–11. https://doi.org/10.1038/s41598-018- 

22388-5 

Rizzo, A., Iachettini, S., Salvati, E., Zizza, P., Maresca, C., Angelo, C. D., Benarroch-popivker, 

D., Capolupo, A., Cosconati, S., Maro, S. Di, Merlino, F., Novellino, E., Amoreo, C. A., 

Mottolese, M., Sperduti, I., Gilson, E., Biroccio, A., Giovanni, V. (2017). SIRT6 interacts 

with TRF2 and promotes its degradation in response to DNA damage. Nucleic Acid 

Research, 45(4), 1820–1834. https://doi.org/10.1093/nar/gkw1202 

Ryu, K. J., Park, C., Hong, M., Ko, Y. H., Kim, W. S., & Kim, S. J. (2017). FOXO4 expression 

is related to stem cell-like properties and resistance to treatment in diffuse large B-cell 

lymphoma. Oncotarget, 8(2), 2466–2476. https:// doi:10.18632/oncotarget.13690 

Schulte, L., L, J. C., Jr, B. S., & Hermann, P. C. (2020). The Cancer Stem Cell in Hepatocellular 

Carcinoma. Cancer, 12 (684), 1–26.https:// doi: 10.3390/cancers12030684. 

Schuetz, A., Min, J., Antoshenko, T., Wang, C., Allali-hassani, A., Dong, A., Loppnau, P., 

Vedadi, M., Bochkarev, A., Sternglanz, R., & Plotnikov, A. N. (2007). Article Structural 

Basis of Inhibition of the Human. Cell Press, 15 (3), 377–389. 

http://dx.doi.org/10.18632/oncotarget.13690


51  

https://doi.org/10.1016/j.str.2007.02.002 

 

Shao, C., Sullivan, J. P., Girard, L., Augustyn, A., Yenerall, P., Rodriguez-canales, J., Liu, H., 

Behrens, C., Shay, J. W., Wistuba, I. I., & Minna, J. D. (2014). Essential Role of 

Aldehyde Dehydrogenase 1A3 for the Maintenance of Non – Small Cell Lung Cancer 

Stem Cells Is Associated with the STAT3 Pathway. Clinical Cancer Research, 20 (15), 

4154–4167. https://doi.org/10.1158/1078-0432.CCR-13-3292 

Sharma, A., Diecke, S., Zhang, W. Y., Lan, F., He, C., Mordwinkin, N. M., Chua, K. F., & Wu, 

 

J. C. (2013). The Role of SIRT6 Protein in Aging and Reprogramming of Human 

Induced Pluripotent Stem Cell. The Journal Of Biological Chemistry, 288(25), 18439– 

18447. https://doi.org/10.1074/jbc.M112.405928 

Scheel C., Weinberg A., R. (2012). Phenotypic Plasticity and Epithelial-Mesenchymal 

Transitions in Cancer - and Normal Stem Cells?. NIH Public Access, 129(10), 2310– 

2314. https://doi.org/10.1002/ijc.26311.Phenotypic 

Shi, X., & Kleeff, J. (2002). Acquired Resistance of Pancreatic Cancer Cells towards 5- 

Fluorouracil and Gemcitabine Is Associated with Altered Expression of Apoptosis- 

Regulating Genes. Oncology, 354–362.https:// doi: 10.1159/000065068 

Shirmohamadi, M., & Hajiasgharzadeh, K. (2019). Regulatory mechanisms of microRNAs in 

colorectal cancer and colorectal cancer stem cells. Journal of Cellular Physiology, 235 

(2),776-789. https://doi.org/10.1002/jcp.29042 

Shong, S., Li, Y., Zhang, K., Huang, Y., Xu, M., Li, S., Guan, X., Yang, T., Liu, Z., Jiang, J., 

Luo, Y., Lan, Y. (2020). Cancer Stem Cells of Diffuse Large B Cell Lymphoma Are Not 

Enriched in the CD45 + CD19 - cells but in the ALDHhigh Cells. Journal of Cancer, 11 

(1) 142-152. https://doi.org/10.7150/jca.35000 



52  

Siegel, R. L., & Miller, K. D. (2019). Cancer Statistics. A Cancer Journal for Clinicians , 69 (1), 

7–34. https://doi.org/10.3322/caac.21551 

Sima, N., Bosch-presegué, L., & Vaquero, A. (2015). Sirtuins as a Double-Edged Sword in 

Cancer : From Molecular Mechanisms to Therapeutic Opportunities. Springer, 75-106. 

https://doi.org/10.1007/978-94-017-9421-3 

Singomat, T., Binju, M., Madjid, B. D., & Yu, Y. (2018). Ovarian cancer stem cells and their 

role in drug resistance. The International Journal of Biochemistry & Cell Biology, 106, 

117-126. https://doi.org/10.1016/j.biocel.2018.11.012 

Suzuki, I., Yoshida, S., Tabu, K., Kusunoki, S., Matsumura, Y., Izumi, H., Asanoma, K., Yagi, 

H., Onoyama, I., Sonoda, K., Kohno, K., Taga, T., Itakura, A., Takeda, S., & Kato, K. 

(2021). YBX2 and cancer testis antigen 45 contribute to stemness , chemoresistance and 

a high degree of malignancy in human endometrial cancer. Scientific Reports, 1–14. 

https://doi.org/10.1038/s41598-021-83200-5 

Tian, J., & Yuan, L. (2018). Biomedicine & Pharmacotherapy Sirtuin 6 inhibits colon cancer 

progression by modulating PTEN / AKT signaling. Biomedicine & Pharmacotherapy, 

106, 109–116. https://doi.org/10.1016/j.biopha.2018.06.070 

Totsuka, Y., Watanabe, M., & Lin, Y. (2021). New horizons of DNA adductome for exploring 

environmental causes of cancer. Cancer Science, 112(1), 7–15. 

https://doi.org/10.1111/cas.14666 

Velasco-velázquez, M. A., Popov, V. M., Lisanti, M. P., & Pestell, R. G. (2011). The Role of 

Breast Cancer Stem Cells in Metastasis and Therapeutic Implications. AJPA, 179(1), 2– 

11. https://doi.org/10.1016/j.ajpath.2011.03.005 

Villatoro, A., Konieczny, J., Cuminetti, V., Arranz, L., & Minden, M. D. (2020). Leukemia Stem 



53  

Cell Release From the Stem Cell Niche to Treat Acute Myeloid Leukemia. Frontiers in 

Cell and Developmental Biology, 1-12. https://doi.org/10.3389/fcell.2020.00607 

Walcher, L., Kistenmacher, A., Suo, H., Kitte, R., Dluczek, S., & Kossatz-boehlert, U. (2020). 

Cancer Stem Cells — Origins and Biomarkers : Perspectives for Targeted Personalized 

Therapies. Frontiers In Immunology, 11, 1–33. 

https://doi.org/10.3389/fimmu.2020.01280 

Walenkamp, A., Crespo, G., Maya, F. F., & Fossmark, R. (2014). Hallmarks of gastrointestinal 

neuroendocrine tumours : implications for treatment. Endocrine-Related Cancer,21 (6), 

445-46. https://doi.org/10.1530/ERC-14-0106 

Wang, H., Diao, D., Shi, Z., Zhu, X., Gao, Y., Gao, S., Liu, X., & Wu, Y. (2016). SIRT6 

 

Controls Hematopoietic Stem Cell Homeostasis through Epigenetic Regulation of Wnt 

Article SIRT6 Controls Hematopoietic Stem Cell Homeostasis through Epigenetic 

Regulation of Wnt Signaling. Stem Cell, 18(4), 495–507. 

https://doi.org/10.1016/j.stem.2016.03.005 

Wang, L., Guo, W., Ma, J., Dai, W., Liu, L., Guo, S., Chen, J., Wang, H., Yang, Y., Yi, X., 

Wang, G., Gao, T., Zhu, G., & Li, C. (2018). Aberrant SIRT6 expression contributes to 

melanoma growth : Role of the autophagy paradox and IGF-AKT signaling. Autophagy, 

1554-8627. https://doi.org/10.1080/15548627.2017.1384886 

Wang, N., Wang, S., Li, M., Hu, B., Liu, L., Yang, S., Yang, S., Gong, Z., Lai, P. B. S., Chen, G. 

G., & Chen, G. G. (2018). Cancer stem cells in hepatocellular carcinoma : an overview 

and promising therapeutic strategies. Therapeutic Advances in Medical Oncology, 1–25. 

https://doi.org/10.1177/1758835918816287 

Wang, Y. K., Zhu, Y. L., Qiu, F. M., Zhang, T., Chen, Z. G., Zheng, S., & Huang, J. (2010). 



54  

Activation of Akt and MAPK pathways enhances the tumorigenicity of CD133 1 primary 

colon cancer cells. Carcinogenesis, 31(8), 1376–1380. 

https://doi.org/10.1093/carcin/bgq120 

Weiswald, L., Bellet, D., & Dangles-marie, V. (2015). Spherical Cancer Models in Tumor. 

 

Neoplasia, 17(1), 1–15. https://doi.org/10.1016/j.neo.2014.12.004 

 

Wen, L., Liang, C., Chen, E., Chen, W., Liang, F., Zhi, X., & Wei, T. (2016). Regulation of 

Multi-drug Resistance in hepatocellular carcinoma cells is TRPC6 / Calcium Dependent. 

Science Reports, 1–14. https://doi.org/10.1038/srep23269 

Wong, M. H. (2011). The Role of Colorectal Cancer Stem Cells in Metastatic Disease and 

Therapeutic Response. Cancers, 3, 319–339. https://doi.org/10.3390/cancers3010319 

Wu, M., Seto, E., & Zhang, J. (2015). E2F1 enhances glycolysis transcription in cancer cells 

through       suppressing.       Oncotarget,       6(13),       11252-11263. https://doi: 

10.18632/oncotarget.3594 . 

Wuebben, E. L., & Rizzino, A. (2017). The dark side of SOX2 : cancer - a comprehensive 

overview. Oncotarget, 8(27), 44917–44943. https://doi: 10.18632/oncotarget.16570 

Xiao, S., & Zhou, L. (2020). Gastric Stem Cells : Physiological and Pathological Perspectives. 

Frontiers In Cell And Developmental Biology, 8, 1–13. 

https://doi.org/10.3389/fcell.2020.571536 

Yamashita, T., Honda, M., Nakamoto, Y., Baba, M., Nio, K., Hara, Y., Zeng, S., S., Hayashi, T., 

Kondo, M., Takatori, H., Yamashita, T., Mizokushi, E., Ikeda, H., Zen, Y., Takamura, H., 

Wang, W, X., Kaneko, S. (2020). Discrete Nature of EpCAM+ and CD90+ Cancer Stem 

Cells in Human Hepatocellular Carcinoma. HHS Public Access, 57(4), 1484–1497. 

https://doi.org/10.1002/hep.26168. 

https://doi.org/10.18632/oncotarget.3594


55  

Yang, J., Li, Y., Zhang, Y., Fang, X., Chen, N., Zhou, X., & Wang, X. (2020). Sirt6 promotes 

tumorigenesis and drug resistance of diffuse large B-cell lymphoma by mediating PI3K / 

Akt signaling. Journal of Experimental & Clinical Cancer Research, 1–16. 

https://doi.org/10.1186/s13046-020-01623-w 

 

Yin, T., Wang, C., Liu, T., Zhao, G., Zha, Y., & Yang, M. (2007). Expression of Snail in 

Pancreatic Cancer Promotes Metastasis and Chemoresistance. Journal of Surgical research, 

142, 196–203. https://doi.org/10.1016/j.jss.2006.09.027 

Zakaria, N., Yusoff, N. M., Zakaria, Z., Lim, M. N., & Baharuddin, P. J. N. (2015). Human non- 

small cell lung cancer expresses putative cancer stem cell markers and exhibits the 

transcriptomic profile of multipotent cells. BMC Cancer, 15, 1–16. 

https://doi.org/10.1186/s12885-015-1086-3 

Zhang, X., Powell, K., Li, L. (2020). Breast Cancer Stem Cells : Biomarkers , Identification. 
 

Cancers, 12 (12), 1-28. https:// doi: 10.3390/cancers12123765 

 
Zhang, Y., Xu, L., Li, A., & Han, X. (2019). Biomedicine & Pharmacotherapy The roles of 

ZEB1 in tumorigenic progression and epigenetic modi fi cations. Biomedicine & 

Pharmacotherapy, 110, 400–408. https://doi.org/10.1016/j.biopha.2018.11.112 

Zhang, C., Yu, Y., Huang, Q., & Tang, K. U. N. (2019). SIRT6 regulates the proliferation and 

apoptosis of hepatocellular carcinoma via the ERK1 / 2 signaling pathway. Molecular 

Medicine Reports, 20 (2), 1575–1582. https://doi.org/10.3892/mmr.2019.10398 

Zhang, Yanni, Huang, Z., Sheng, F., & Yin, Z. (2019). Biochemical and Biophysical Research 

Communications MYC upregulated LINC00319 promotes human acute myeloid 

leukemia (AML ) cells growth through stabilizing SIRT6. Biochemical and Biophysical 

Research Communications, 509(1), 314–321. https://doi.org/10.1016/j.bbrc.2018.12.133 



56  

Zhang, Yingjie, Nie, L., Xu, K., Fu, Y., Zhong, J., & Gu, K. (2019). SIRT6 , a novel direct 

transcriptional target of FoxO3a mediates colon cancer therapy. Theranostics, 9(8), 2380-

2394. https://doi.org/10.7150/thno.29724 

Zhang, Yongchun, & Que, J. (2020). BMP Signaling in Development , Stem Cells , and Diseases 

of the Gastrointestinal Tract. Annual Review of Physiology, 82, 1–23. 

https://doi.org/10.1146/annurev-physiol-021119- 034500 

Zhang, Z., & Qin, C. (2014). Sirt6 suppresses hepatocellular carcinoma cell growth via inhibiting 

the extracellular signal ‑ regulated kinase signaling pathway. Molecular Medicine 

Reports, 9 (3), 882–888. https://doi.org/10.3892/mmr.2013.1879 

Zhong, L., Urso, A. D., Toiber, D., Sebastian, C., Henry, R. E., Vadysirisack, D. D., Guimaraes, 

A., Marinelli, B., Wikstrom, J. D., Nir, T., Clish, C. B., Vaitheesvaran, B., Iliopoulos, O., 

Kurland, I., Dor, Y., Weissleder, R., Shirihai, O. S., Ellisen, L. W., Espinosa, J. M., & 

Mostoslavsky, R. (2010). The Histone Deacetylase Sirt6 Regulates Glucose Homeostasis 

via Hif1a. Cell, 140(2), 280–293. https://doi.org/10.1016/j.cell.2009.12.041 

Zhou, J., Wu, A., Yu, X., Zhu, J., & Dai, H. (2017). SIRT6 inhibits growth of gastric cancer by 

inhibiting JAK2 / STAT3 pathway. Oncology Reports, 38 (2), 1059–1066. 

https://doi.org/10.3892/or.2017.5753 

Zhu, P., & Fan, Z. (2018). Cancer stem cells and tumorigenesis. Biophysics Reports, 4(4), 178– 

188. https://doi.org/10.1007/s41048-018-0062-2 

Zhu, Y., Huang, S., Chen, S., Chen, J., Wang, Z., Wang, Y., & Zheng, H. (2021). SOX2 

promotes chemoresistance , cancer stem cells properties , and epithelial – mesenchymal 

transition by β -catenin and Beclin1 / autophagy signaling in colorectal cancer. Cell 

Death and Disease, 12 (5), 2-16. https://doi.org/10.1038/s41419-021-03733-5 



57  

Zimmerer, R. M., Korn, P., Demougin, P., Kampmann, A., Kokemüller, H., Eckardt, A. M., 

Gellrich, N., & Tavassol, F. (2013). Functional features of cancer stem cells in melanoma 

cell lines. Cancer Cell International, 13 (1), 1-13. https://doi.org/10.1186/1475-2867-13- 

78 

 
 

Zwaans, B. M. M., Silberman, D. M., Gymrek, M., Goren, A., Zhong, L., Ram, O., Truelove, J., 

Guimaraes, A. R., Toiber, D., Cosentino, C., Greenson, J. K., Macdonald, A. I., Mcglynn, 

L., Maxwell, F., Edwards, J., Giacosa, S., Guccione, E., Weissleder, R., Bernstein, B. E., 

Regev A., Shiels, G., P., Lombard, D., B, Mostoslovasky, R. (2012). The Histone 

Deacetylase SIRT6 Is a Tumor Suppressor that Controls Cancer Metabolism. Cell Press, 

151(6), 1185-1199. https://doi.org/10.1016/j.cell.2012.10.047 

https://doi.org/10.1186/1475-2867-13-78
https://doi.org/10.1186/1475-2867-13-78

