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Abstract
Colon cancer also called colorectal cancer has become one of the deadliest cancers with incidence rates of 4.3% and 4.10% in men

and women respectively. It has been reported that CRC is mainly due to cellular/ER stresses such as hypoxia, which may lead to the
accumulation of reactive oxygen species (ROS). So, it is essential to scavenge these ROS. Sestrin2 (Sesn2) is known to suppress ROS

accumulation by regulating various signalling pathways such as Nrf2/Keap1 pathways and maintaining mitochondrial homeostasis
through the AMPK/mTOR pathway etc., thereby inducing autophagy. This review provides an overview of the Nrf2-Keap1 signalling
pathway, the dual role of Nrf2, and autophagy in cancer, along with the role of sestrin2 in triggering autophagy in colon cancer cells.
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Introduction
Nrf2 is a transcription factor that regulates the expression of

antioxidant proteins and is an emerging regulator of cellular re-

sistance to oxidants. In several cancers, Nrf2 plays a multifunc-

tional role in association with Kelch-like ECH-associated protein1

(Keap1) in its signalling pathway which induces pro-survival genes
that may promote cancer cell proliferation by metabolic reprogramming. On the other hand, Nrf2 is regarded as a tumor inhibitor that controls oxidative stress and has an essential role in [1].

It has been reported that Sestrin2, also known as hypoxia-

inducible gene-95 (Hi95) which is encoded by the Sesn2 gene is

lular oxidative stress levels, eventually, mitochondria-mediated cell
death occurs. However, in cancer, autophagy plays a dual role like

a double-edged sword that suppresses tumorigenesis by inhibiting

cancer-cell survival and inducing cell death. On the other hand, it
also facilitates tumorigenesis by promoting cancer cell proliferation and tumor growth [3]. Several mechanisms have been reported to induce autophagy in colon cancer. Among which autophagy

induced by Nrf2/Keap1 signalling pathway, mediated by Sestrin2
is pivotal and will be discussed further.

ROS-induced ER stress in colon cancer
Accumulation of ROS and redox imbalance leading to ER stress

known to exhibit anti-cancer activity in CRC, conferring tumor

is the main characteristic feature seen in most cancer cells. Im-

mediating [2]. Macroautophagy is a self-digesting mechanism that

duced by levistolide A has been reported in colon cancer cells [4].

suppressor activity thereby inhibiting colon carcinogenesis. The

main mechanism through which Sesn2 exhibits its activity is by
involves several conserved autophagy - related proteins (Atg). It is

stimulated under conditions of cellular stress that is mainly due to
the accumulation of ROS which leads to an increase in overall cel-

balanced redox homeostasis and ROS play a crucial role in tumor
progression and metastasis. ROS-mediated ER stress pathway inTreatment of colon cancer cells with andrographolide resulted in
increased levels of ROS, inducing ER oxidative stress and disrup-

tion of mitochondrial membrane potential. Andrographolide also
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increased the levels of expression of antioxidant genes and ROS

vulnerable to colonic inflammation and colon cancer formation

ment induced ER stress on SW480 and SW620 CRC cell lines, thence

cancer, expression of Nrf2 reduces cell proliferation and increases

and dose-dependent apoptotic cell death suggesting induction of

ing keap1 reduced the risk of CRC [12]. Knockdown of Nrf2 induces

accumulation downregulates cell cycle and cell survival pathways,
thereby inducing cell death [5]. Docosahexaenoic acid (DHA) treatresulting in growth arrest and protein degradation [6]. HT29 cells

treated with resveratrol induced significant ER stress markers
ER stress was reported [7]. CT26 xenograft mouse model showing

significant cell death when treated with curcumin derivative-WZ35
by a ROS-ER stress-mediated mechanism has been reported [8]
Mitochondrial-associated cell death (mitophagy) was reported in
human colon cancer cells (HCT116) through ER-stress-induced au-

when treated with colitis-inducing chaotropic agents such as dex-

tran sulfate sodium and azoxymethane [1] In some cases of colon

apoptosis of cancer cells were also reported. Another study found

that Nrf2 expression promoted indirectly by repressing or silencgrowth inhibition, promotes apoptosis, and inhibition of migration
was reported in SW480 cell lines of CRC [13].
Nrf2 as a tumor promoter

Even though Nrf2 has invaluable vital role in cytoprotection its

tophagy when treated with bis-Dehydroxy curcumin [9] Increased

activation for a prolonged period makes it a pro-tumorigenic factor.

Duality role of Nrf2 in cancer

disruption of keap1 expression, showing decreased levels of keap1

intracellular ROS levels and sestrin2 expression were reported in
Quercetin-treated HCT116 human CRC cell lines [10].

Nrf2 spiking ranges from a frequency around 81-95% in colorectal

cancer. Several studies showed that about 20% of CRCs are due to
and enhanced Nrf2 activation, which makes it pro-tumorigenic [2].

Nrf2 is mainly involved in defending cells against metabolic,

In colon cancer cells, overexpression of Nrf2 is related to tumor

found in many types of cancer including colon cancer. Nrf2 is re-

pression of Nrf2 induced by chemical agents such as T-BHQ result-

xenobiotics, and oxidative stress and is important for maintaining
tissue integrity. It is a critical determinant in oncogenesis and is

garded as a tumor inhibitor; however, deregulated Nrf2 activity
promotes carcinogenesis. Evidence shows that Nrf2 acts itself as a

proto-oncogene or it supports the transforming potential of other
oncogenes. Under normal conditions, Nrf2-dependent cytoprotective effects prevent cellular damage and dysfunction. Nrf2 deregu-

lation confers growth advantages to cancer cells, which includes
proliferation, anti-apoptosis, and resistance to drugs as well as radiotherapy.

Prolonged activation of Nrf2 favours progression in several

types of cancer including colorectal cancer. Increased levels of Nrf2
in cancer cells promote proliferation by maintaining redox balance
and generating antioxidant activity in cancer cells. Several studies

showed that enhanced glutathione synthesis and elevated levels
of glutamine for its synthesis support cancer cell proliferation. In-

creased activity of Nrf2 in cancer is due to several mechanisms that

have been reported, among which deranged interaction between

Nrf2 and keap1, modifications of keap1, and epigenetic silencing of
keap1 were mainly seen [11].

Nrf2 as a tumor suppressor
Anti-tumorigenic effects of Nrf2 have been confirmed with the

in vivo studies that showed Nrf2 gene ablated mice were more

progression and poor prognosis. Nrf2 increases CRC risk by promoting angiogenesis and uncontrolled proliferation [14]. Overexed in increased O2 consumption leading to higher VEGF and HIF-α
signalling, eventually increased angiogenesis and tumor growth
were reported in colon cancer [15].

Nrf2/Keap1 signalling pathway in colon cancer
Keap1 is a negative regulator of Nrf2 which is bound to Nrf2 un-

der normal conditions. Nrf2 translocate to the nucleus in response

to oxidative stress, attaches to the antioxidant response element
(ARE), activates downstream genes, and performs physiological

functions. As a result, Sesn2’s antioxidant action is mediated via

p62-dependent keap1 autophagy activating Nrf2. Thus Keap1

serves as an oxidative stress sensor [2]. Upregulation of Nrf2 gene
expression shows elevated levels of Nrf2 protein in response to

ARE-inducers. A study proved that nitric oxide treatment activates

Nrf2/Keap1 signalling pathway in HCT116 (human colon cancer
cell lines) cell lines by triggering Nrf2 dissociation from [16]. Evidence proved that Nrf2 regulates more than 200 genes that are involved in cellular processes and cytoprotection including genes that

encode for autophagy such as ATG5, ATG7, and LC3B. The pathway
plays a chief role in the metabolic reprogramming of cancer cells

that induces cancer cell proliferation and progression. Activation

of PI3K/AKT signalling pathway increases nuclear translocation of
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Nrf2, independent of keap1, allowing Nrf2 to promote metabolic

autophagy. This study proved that oxaliplatin and DHA in combina-

complex with CUL3 and Nrf2. Thus, under the absence of cellular

[20]. Evidence suggests that Sesn2 confer tumor suppressor activ-

reprogramming and increase cell proliferation [17]. Nrf2 is rapidly
degraded by proteasomes when keap1 forms ubiquitin E3 ligase

stresses, Nrf2 is constantly degraded by keap1. But, when keap1’s

cysteine residues were modified or deformed under conditions of
cellular stress, the activity of ligase is diminished, thereby activation of Nrf2 occurs. Activation of the Nrf2/keap1 signalling pathway

provides antioxidant effects in normal cells but induces apoptosis
in cancer cells [18]. Prolonged activation of Nrf2 in tumor progres-

sion is maybe due to genetic alterations that affect Nrf2/Keap1

tion induced autophagy in CRC cells (HCT116), mediated by overproduction of ER stress which leads to increased sestrin2 activity

ity since they suppress TORC1 activation. Decreased expression of
Sesn2 leads to an unfavourable prognosis in CRC. Sesn2 inhibits
colon carcinogenesis by negative regulation of the mTOR signalling
pathway has been reported [21].

Sesn2 and P53 in human perspective
Human Sesn2 expression is elevated in colitis but it is lost upon

pathway or from long-term exposure of epithelial cells to constant

downregulation of p53 during colon carcinogenesis. An analysis

exerts pro- and anti-tumorigenic activities. Under these conditions,

vivo mice studies showed that colon cancer associated with inflam-

oxidative stress. Studies show that precursor lesions of tumors exhibit high Nrf2 activities with considerable prevalence where Nrf2
Nrf2 is directed to act as an oncogene [1]. Nrf2/HO-1 axis has been

shown to play a vital role in colon cancer survival and aggressive-

ness. Hemo-oxygenase-1 (HO-1) is an ARE-regulated phase II detoxifying enzyme regulated by Nrf2. A study demonstrated that

activation of ER marker-CHOP (C/EBP-homologous protein) promotes autophagy in colon cancer cells (HCT116). Ethanol (EtOH)

treatment stimulated a pro-survival effect by inducing autophagic
flux in HCT116 cells. Upon treatment with ethanol, nuclear trans-

location of both Nrf2 and HO-1 and activation of Nrf2-dependent
anti-oxidant pathway with enhanced levels of Nrf2 were reported

in their western blot analysis. Furthermore, both Nrf2 and HO-1
activation has been shown to increase tumor growth by increasing
pro-invasive and angiogenic factors such as VEGF and MMPs [14].
Role of SESN2 in colon cancer

Studies suggest that Sesn2 is an important regulator of mTOR

activity that inhibits colon carcinogenesis. In vitro analysis proved

that 5-fluorouracil (5-FU) induces Sesn2 expression and inhibits
invasive behaviour of colon cancer cells through upregulation of
Sesn2 in colon cancer cell lines (HCT116 and HT29). 5-FU induces

expression of Sesn2 in a p53 dependent manner. Sesn2, in turn,
suppresses ROS accumulation and negatively regulates the mTOR

signalling pathway. Knockdown of Sesn2 reversed 5-FU mediated

decrease in cell migration [19]. Docosahexaenoic acid (DHA) promoted oxaliplatin-induced cell viability reduction and autophagy

induction via ER stress induction and Sesn2 activation. Sesn2 plays

a vital role in autophagy and in colon carcinogenesis and knockdown of which partially decreased oxaliplatin- and DHA-induced

showed that in ulcerative colitis, levels of sestrin2 were elevated,
whereas, in colon cancer, a very low level of sestrin2 was seen. In

mation grew faster in mice that lacked the gene for sestrin. Sesn2

is crucial for the appropriate regulation of mTORC1 and ER stress
pathways during colon mucosae damage and thereby it functions
as an antagonist of colitis and colon cancer development. Murine

model studies showed that Sesn2 loss selectively leads to mTORC1
hyper activation and promotes colitis-induced colon cancer growth

[22] In vitro and In vivo analysis reported that overexpression of
Sesn2 decreases ROS production and suppresses cell proliferation

through the AMPK/mTORC1 pathway. Elevated of Sesn2 was found
to inhibit CRC [23].

Upregulation of Sesn2 inhibits proliferation and triggers apop-

tosis in CRC cell lines (SW620) by deterring mTORC1 and activat-

ing AMPK. The Significant role of Sesn2 in growth inhibition of
CRC induced by quercetin and 5-FU suppressed proliferation and
induced apoptosis in CRC cell lines HT29/HCT116 by targeting the

Sesn2/AMPK/mTOR pathway has also been reported [24]. In vitro

and In vivo studies attested that Heme (Fe) induced stress by Hemin on colon cancer cell lines (HCT116, RKO, MC38) triggered the

expression of Sesn2 by activating ROS and Nrf2, thereby contrib-

uting more resistance to hemin-induced apoptosis in colon cancer
cells and promoted tumor growth in MC38 cell line. Though Sesn2
is known to suppress tumorigenesis, it may also promote tumor

growth under an iron-rich environment [25]. Immunofluorescence
and western blot analysis proved that expression of Sesn2 was
significantly lower in SW480, SW620, LoVo and HT29 human CRC
cell lines when compared to a control human FHC (Fetal human
cells-normal Fetal colonic mucosa). Clinical studies compel that in
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almost all cancers Sesn2 expression is decreased and downregu-

stimulates autophagy through the transcriptional mechanism and

Evidence suggesting autophagy mediated by Nrf2/Sesn2 in co-

gers autophagy in normal as well as in cancer cells [30]. The role

lated. Thence, lower levels of Sesn2 may augment oxidative stress,
thereby provoking tumor metastasis [26].
lon cancer
Macroautophagy or autophagy is a self-degradation process

that is stimulated under conditions of cellular stress. Autophagy

exhibits duality in cancer. It subdues tumorigenesis by deterring
cancer cell survival and inducing cell death. Contrastingly it fa-

cilitates tumorigenesis by promoting cancer cell proliferation and

tumor growth. It plays cytoprotective roles in maintaining cellular
homeostasis and for the maintenance of genomic stability.

Accumulation of ROS elevates overall cellular oxidative stress

levels, eventually, mitochondria-mediated cell death occurs. De-

spaired counter tumor response is closely associated with the
accumulation of defective mitochondria, suggesting mitophagy
impairment. Mitophagy promotes plasticity in cancer stem cells

through metabolic reprogramming for better adaptation to the
tumor microenvironment. Dysregulated mitophagy results in the

accumulation of damaged mitochondria, which plays a role in carcinogenesis and tumor progression [27]. Dysregulated mitophagy
also promotes stemness, as parkin-dependent mitophagy increases
the expression of stem cell marker CD44 in cancer cells undergoing

EMT. Levels of protein/mRNA expressions involved in mitochondrial dynamics, canonical and non-canonical mitophagy pathways
in CRC patient samples were analysed. It has been found that Opa1,

pDRP1, BNIP3 were upregulated and DRP1, CL, PINK1 were down-

regulated [28]. Diminution of UVRAG and decline of Bif-1 compromised autophagosome formation thereby dysfunctional autophagy,

resulting in increased cancer cell proliferation in the colon, gastric,
breast, and prostate cancer [3].

Autophagy in cancer is mainly mediated by Sestrin2 which

protects the cells from cellular stress conditions such as oxidative stress, hypoxia, and glucose deprivation. Sesn2 mainly medi-

ates autophagy through various signalling pathways such as Nrf2/
Keap1, AMPK/mTORC1, etc. [29]. Disabled/dysregulated autophagy may promote tumor progression which constitutes a general
hallmark of developing cancer. Dual roles of autophagy have been

reported by p53, an on cosuppressor protein. Overexpression
of p53 plays an important role in the regulation of autophagy. It

inhibits autophagy when in the cytoplasm by inhibiting AMPK and

activating mTOR. Depletion, deletion, or inhibition of p53 trigof autophagy in cancer cells confers stress tolerance and serves to
maintain tumor cell survival. Increased levels of autophagy were
reported in human pancreatic cancer cell lines [31]. In vitro analy-

sis of the combination of rapamycin and S-allyl-mercaptocysteine
(SAMC) on HCT116 CRC cell lines showed increased levels of the

expression of autophagy-related protein, LC3-II, thereby regulat-

ing autophagy. Western blot analysis and q-PCR results suggested
that co-treatment of rapamycin and SAMC on HCT116 showed el-

evated levels of Nrf2 expression, thus activating an antioxidant sys-

tem by regulating p62 [32]. Another study showed that treatment
of tributyltin (IV) ferulate (TBT-F) on HCT116 cell lines, induced

ER stress by ROS production, thereby evoking Nrf2 mediated an-

tioxidant response. TBT-F treatment also increased the levels of
LC3-II and p62 autophagic markers [33]. Glutaminase 1 (GLS1)
is a key enzyme in glutamine metabolism that is known to show

elevated levels in tumor and rapidly proliferating cells. Evidence
shows that overexpression of GLS1 was observed in human ma-

lignancies and may embark tumor progression through activation

of PI3K/AKT, MEK1/ERK1/2, or RhoGTPase signalling pathways.

GLS1 is upregulated in CRC cell lines (HT29, HCT116, SW480, DLD-

1, and NCM460). Thus blocking of GLS1 leads to inhibition of CRC
cell proliferation and migration through a monitoring redox/Nrf2/

autophagy pathway [34]. Benzyl isothiocyanate (BITC) is known
to inhibit cell proliferation in CRC cells. It has been reported that

BITC induces autophagy in human cancer cells. This was proved in
vitro when BITC treatment enhanced LAMP1, LC3B-II, and p62 (au-

tophagic proteins) in a dose- and time-dependent manner, thereby

showing upregulation of Nrf2 and Keap1 downregulation, thus in-

ducing autophagy in CRC (HCT116) cell lines [35]. In vivo analysis

of effects of melatonin on mouse models of colitis-associated colon
carcinogenesis (CACC) showed increased expressions of Nrf2 and

associated antioxidant enzymes. Thus, it decreased the CACC progression by downregulating autophagy, which was correlated with

expression levels of autophagic markers Beclin-1, LC3B-II, and p62

[36]. Epigallocatechin-3-gallate (EGCG) treatment on CRC cell lines
(HCT116) showed increased levels of expressions of Nrf2, inducing Nrf2 translocation to nucleus and autophagy. EGCG treatment

combined with radiation on HCT116 cells expressed increased
sensitivity to radiation, thereby inhibiting cell proliferation, and
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a significant increase of mRNA expression levels of LC3 and cas-

4.

ing apoptosis/autophagy. The inhibitory effects of metformin were

5.

pase-9 was observed [37]. Another study reported that metformin
treatment on HT29 CRC cells inhibited cell proliferation by increasdue to inhibition of transcriptional activation of Nrf2 by time- and

dose-dependent manner [38]. Treatment of stress-induced SW620
and Caco-2 CRC cell lines with docosahexaenoic acid (DHA) inhibited cell proliferation in both cell lines. DHA also induced the

nuclear translocation of Nrf2, thereby triggering an anti-oxidative

response. This is due to changes in levels of expressions of genes
involved in oxidative stress, protein folding, and autophagy [39]. In

6.

vivo studies on mice treated with azoxymethane/dextran sodium

7.

response (UPR) and ER-stress related proteins upregulation were

8.

sulfate and tamoxifen showed loss of autophagic activity, exerting anti-colon cancer effects. Expressions of p53, unfolded protein

also reported [40]. Topotecan treatment on HCT116 and LS174T
cell lines induced autophagy, mediated by p53 through the activation of Sestrin2 was reported [41].

Conclusion and Future Course of Work
This review provides insights into the potential roles of Nrf2/

Sestrin2 in mediating autophagy in cancer, which was observed

and proved in various in vivo and in vitro analyses. Though, this
mechanism is predominantly seen in most types of cancer, more

studies are required to prove this type of autophagic mechanism in
the case of metastatic colon cancer.

Acknowledgements

This study is supported by RUSA 2.0, University of Madras.

Conflict of Interest

The authors declare no conflict of interest.

Bibliography
1.
2.

3.

Geismann C., et al. “Cytoprotection “gone astray”: Nrf2 and its
role in cancer”. OncoTargets and Therapy 7 (2014): 1497-1518.

Pan C., et al. “Sestrin2 as a gatekeeper of cellular homeostasis: Physiological effects for the regulation of hypoxia-related
diseases”. Journal of Cellular and Molecular Medicine 25.12
(2021): 5341-5350.
Yun CW and Lee SH. “The Roles of Autophagy in Cancer”. International Journal of Molecular Sciences 19.11 (2018): 3466.

9.

14

Yang Y., et al. “Levistolide A induces apoptosis via ROS mediated ER stress pathway in colon cancer cells”. Cellular Physiology and Biochemistry 42 (2017): 929-938.

Banerjee A., et al. “Increased reactive oxygen species levels
cause ER stress and cytotoxicity in andrographolide treated
colon cancer cells”. Oncotarget 8.16 (2017): 26142-26153.

Hild JC., et al. “DHA induced ER stress and growth arrest in
human colon cancer cells: associations with cholesterol and
calcium homeostasis”. Journal of Lipid Research 49 (2008):
2089-2100.
Park JW., et al. “Resveratrol induces pro-apoptotic endoplasmic reticulum stress in human colon cancer cells”. Oncology
Reports 18.5 (2007): 1269-1273.

Zhang J., et al. “Curcumin derivative WZ35 efficiently suppresses colon cancer progression through inducing ROS production and ER stress-dependent apoptosis”. American Journal of Cancer Research 7.2 (2017): 275-288.

Basile V., et al. “bis-Dehydroxy-Curcumin triggers mitochondrial-associated cell death in human colon cancer cells
through ER-stress induced autophagy”. PLOS ONE (2013).

10. Kim TG., et al. “Quercetin regulated sestrin 2-AMPK-mTOR signalling pathway and induces apoptosis via increased intracellular ROS in HCT116 colon cancer cells”. European Journal of
Cancer Prevention 18.3 (2013): 264-270.

11. Jaramillo CM and Zhang DD. “The emerging role of the Nrf2Keap1 signalling pathway in cancer”. Genes Development 27.20
(2013): 2179-2191.
12. Donquiles CG., et al. “The NRF2 transcription factor plays a
dual role in colorectal cancer: A systematic review”. PLoS One
12.5 (2017): e0177549.

13. Lee YJ., et al. “Overexpression of Nrf2 promotes colon cancer
progression via ERK and AKT signaling pathways”. Annals of
Surgical Treatment and Research 98.4 (2020): 159-167.

14. Cernigliaro C., et al. “Ethanol-Mediated Stress Promotes Autophagic Survival and Aggressiveness of Colon Cancer Cells
via Activation of Nrf2/HO-1 Pathway”. Cancers (Basel) 11.4
(2019): 505.
15. Kim TH., et al. “NRF2 blockade suppresses colon tumor angiogenesis by inhibiting hypoxia-induced activation of HIF-α”.
Cancer Research 72.6 (2011): 2260-2275.

Citation: Showket Yahya and G Sudhandiran. “Critical Role of Sestrin2 in Regulating Nrf2/Keap1 Pathway and Mediating Autophagy in Colon Cancer".
Acta Scientific Cancer Biology 6.1 (2022): 10-16.

Critical Role of Sestrin2 in Regulating Nrf2/Keap1 Pathway and Mediating Autophagy in Colon Cancer

16. Li CQ., et al. “Nitric oxide activation of Keap1/Nrf2 signalling
in human colon carcinoma cells”. PNAS 106.34 (2009): 1454714551.
17. Song MY., et al. “The role of NRF2/KEAP1 signalling pathway
in cancer metabolism”. International Journal of Molecular Sciences 22.9 (2021): 4376.

18. Lee DY., et al. “Role of oxidative stress and Nrf2/KEAP1 signalling in colorectal cancer: Mechaisms and Therapeutic perspectives with phytochemicals”. Antioxidants (Basel) 10.5 (2021):
743.

19. Seo K., et al. “5-Fluorouracil inhibits cell migration by induction of Sestrin2 in colon cancer cells”. Archives of Pharmacal
Research 40.2 (2017): 231-239.
20. Jeong S., et al. “Docosahexaenoic acid enhances oxaliplatin-induced autophagic cell death via the ER stress/Sesn2 pathway
in colorectal cancer”. Cancers (Basel) 7 (2019): 982.

21. Sun W., et al. “The emerging role of Sestrin2 in cell metabolism,
and cardiovascular and age-related diseases”. Aging and Disease 11.1 (2020): 154-163.

22. Ro SH., et al. “Tumor suppressive role of sestrin2 during colitis
and colon carcinogenesis”. Elife 5 (2016): e12204.

23. Wei LJ., et al. “Sestrin 2 suppresses cells proliferation through
AMPK/mTORC1 pathway activation in colorectal cancer”. Oncotarget 8.30 (2017): 49318-49328.

24. Qu J., et al. “A paradoxical role of sestrin 2 protein in tumor
suppression and tumorigenesis”. Cancer Cell International
21.1 (2021): 606.
25. Kim H., et al. “The interaction of Hemin and Sestrin2 modulates oxidative stress and colon tumor growth”. Toxicology and
Applied Pharmacology 374 (2019): 77-85.

26. Wei JL., et al. “Decreased expression of sestrin 2 predicts unfavorable outcome in colorectal cancer”. Oncology Reports 33.3
(2015): 1349-1357.

27. Panigrahi DP., et al. “The emerging, multifaceted role of mitophagy in cancer and cancer therapeutics”. Seminars in Cancer Biology 66 (2020): 45-58.
28. Vara-Perez M., et al. “Mitophagy in cancer: A tale of adaptation”. Cells 8.5 (2021): 493.

29. Jegal KH., et al. “Eupatilin induces Sestrin2-dependent autophagy to prevent oxidative stress”. Apoptosis 21 (2016): 642-656.

15

30. Maiuri MC., et al. “Stimulation of autophagy by the p53 target
gene Sestrin2”. Cell Cycle 8.10 (2009): 1571-1576.

31. Yang ZJ., et al. “The role of autophagy in cancer: therapeutic
implications”. Molecular Cancer Therapeutics 10.9 (2011):
1533-1541.
32. Li S., et al. “Combination of rapamycin and garlic-derived Sallylmercaptocysteine induces colon cancer cell apoptosis and
suppresses tumor growth in xenograft nude mice through autophagy/p62/Nrf2 pathway”. Oncology Reports (2017): 16371644.

33. Celesia A., et al. “ROS-dependent ER stress and autophagy mediate the anti-tumor effects of Tributylin (IV) Ferulate in colon
cancer cells”. International Journal of Molecular Sciences 21.21
(2020): 8135.

34. Liu HY., et al. “GLS1 depletion inhibited colorectal cancer proliferation and migration via redox/Nrf2/autophagy-dependent pathway”. Archives of Biochemistry and Biophysics 708
(2021): 108964.
35. Liu X., et al. “Inhibition of phosphatidylinositide 3-kinase
impairs the benzyl isothiocyanate-induced accumulation of
autophagic molecules and Nrf2 in human colon cancer cells”.
Bioscience, Biotechnology, and Biochemistry 81.11 (2017):
2212-2215.
36. Trivedi PP., et al. “Melatonin modulated autophagy and Nrf2
signaling pathways in mice with colitis-associated colon carcinogenesis”. Molecular Carcinogenesis 55.3 (2016): 255-267.
37. Enkhbat T., et al. “Epigallocatechin-3-gallate enhances radiation sensitivity in colorectal cancer cells through Nrf2 activation and autophagy”. Anticancer Research 38.11 (2018): 62476252.

38. Sena P., et al. “Metformin induces apoptosis and alters cellular
responses to oxidative stress in Ht29 colon cancer cells: Preliminary Findings”. International Journal of Molecular Sciences
19.5 (2018): 1478.
39. Pettersen K., et al. “DHA-induced stress response in human
colon cancer cells - Focus on oxidative stress and autophagy”.
Free Radical Biology and Medicine 90 (2016): 158-172.
40. Sakitani K., et al. “Inhibition of autophagy exerts anti-colon
cancer cefffects via apoptosis induced by p53 activation and
ER stress”. BMC Cancer 15 (2015): 795.

Citation: Showket Yahya and G Sudhandiran. “Critical Role of Sestrin2 in Regulating Nrf2/Keap1 Pathway and Mediating Autophagy in Colon Cancer".
Acta Scientific Cancer Biology 6.1 (2022): 10-16.

Critical Role of Sestrin2 in Regulating Nrf2/Keap1 Pathway and Mediating Autophagy in Colon Cancer

41. Li DD., et al. “The Inhibition of Autophagy Sensitises Colon
Cancer Cells with Wild-Type p53 but Not Mutant p53 to Topotecan Treatment”. PLOS ONE (2012).

Assets from publication with us
•

Prompt Acknowledgement after receiving the article

•

Issue of Publication Certificate

•
•
•

Thorough Double blinded peer review
Rapid Publication

High visibility of your Published work

Website: www.actascientific.com/

Submit Article: www.actascientific.com/submission.php
Email us: editor@actascientific.com
Contact us: +91 9182824667

Citation: Showket Yahya and G Sudhandiran. “Critical Role of Sestrin2 in Regulating Nrf2/Keap1 Pathway and Mediating Autophagy in Colon Cancer".
Acta Scientific Cancer Biology 6.1 (2022): 10-16.

16

