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Figure 1: The process of autophagy.

suppressor. In addition, other study ndings also suggested the rotd oxidative stress and genomic instability, inhibition of necrosis and
of autophagy regulator, Beclin 1, in thésevitro andin vivo studies  in ammation, promotion of cancer cell death, modulation of antitumor
ectopic over expression of Beclinl in Beclin 1 de cient mammarymmune response, aintenance of normal stem cells and degradation
carcinoma cells result in reduction in tumor cell proliferation and als@f oncogenic proteins [4].

reduced tumorigenic potentiah viva further suggesting a role for

this autophagy regulator in tumor suppression [27,28]. Like Beclinl,

UVRAG is mono-allelically deleted in human colon carcind2gj.

Whereas, in human gastric carcinomas a frame-shi mutations in pol

(A) tail of UVRAGgene has been documented in a study done by Kir

et al. [30] that resulted in reduction in autophagy activity in these tumc

cells. In addition to the above, tumor-associated deletions or mutatior

have been found in a number of other autophagy regulators as sho

in Table 1.

Not only do mutations of the autopgy gene promote
tumorigenesis, but autophagy is also positively regulated by the tum
suppressor genes and negatively regulated by the oncogenic pathw
Oncogenes like Akt and Ras inhibit autophagy primarily by activatin
the mTOR signaling pathway. Conversely, tumor suppressor PTE
which inhibit PI3BK/Akt/mTOR-C1 pathway can activate autophagy
[11,31]. erefore, mutations inPTENTresult in constituive activation
of the pathway, suppression of autophagy, and may contribute to tum
formation [6]. Other tumor suppressors such as TSC1, TSC2, p53, a
liver kinase B1LKB1) stimulate autophagy through their inhibitory
e ects on mTOR-C1 [10]. To this end, number mechanisms coulc
clarify the tumor suppressive roles of autophagy, including preventio
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such as ATP depletion, the loss of cellular osmolality, and release of
various factors sth as high mobility group box 1 protein (HMGB1)
and breakdown of cell, which all lead to a strong in ammatory
response. In this regard, tumor cells can evade this ATP-limiting
demise by activating the energy sensor LKB1/AMPK complex, which,
in turn, inhibits MTOR-C1, leading to activation of autophagy [14]. In
this regard, activation of autophagy promotes cancer cells development
in the face of inhibitingnecrosis-associated in ammatory responses,
because necrosis can promote the release of pro-metastatic immune-
modulatory factors suchs HMBG1, and this may lead to increased
metastasis. Additionally, necrosis has been shown to be activated by
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Gene/protein

Cancer-related changes

ULK1

9HG H[SUHVVLRQ LQ HVRSKDJHDO VTXDPRXV FHOO +&& ;HG H[SUHVVLRQ LQ EUHDVW FDQFHUYV

ATG2B JUDPHVKLIW PXWDWLRQV LQ JDVWULF FRORUHFWDO FDQFHUV

ATG3 yHG H[SUHVVLRQ LQ P\HORG\VSODVWLF VIQGURPH SDWLHQWYV ZLWK OHXNHPLF HYROXWLRQ

ATG4B 9HG H[SUHVVLRQ LQ &' FKURQLF P\HORLG OHXNHPLD FHOOV

ATGS /IRZ ITUHTXHQF\ IUDPHVKLIW PXWDWLRQV LQ JDVWULF FRORUHFWDO FDQFHUV *HQHWLF YDUL
H[SUHVVLRQ LQ QDWXUDO NLOOHU FHOOV LQ JDVWULF FRORUHFWDO +&& 9HG H[SUHVVLRQ

LC3 9HG H[SUHVVLRQ LQ WULSOH QHJDWLYH EUHDVW FDQFHU FRORUHFWDO SDQFUHDWLF FDQF

PHODQRPDYV JOLREODVWRPDV
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7 cells. It is therefore, the studgported the awphagy's essential

role in LCSC maintenance. Furthermore, conversion of microtubule-
associated protein LC3-1 to LC3-Il as well as improved buildups of
ATG7 and Beclin-1 has been observed in pancreatic CSCs treated
with Rottlerin (ROT), which has been commonly used protein kinase
C-delta (PKC- ) inhibitor. Additionally, the gene silencing of ATG7 and
Beclin-1, or co-treatment with 3-MA, can inhibit ROT-induced ACD.

In addition, expressions of ATG5, ATG12 and LC3B in dormant
stem cell-like breast cancer cells by farnesyl transferase inhibitors (FTIs)
in breast cancer cells having low metastatic abilities induced a reversible
state of dormancy. Moreover, JNK-mediated autophagic pathway
was also up-regulated in these breast CSCs with the periods of FTI-
induced dormancy. On the other hand, irradiation of CD133+ glioma
stem cells (GSCs) has been associated with induction of autophagy in
a short time and then autophagy slightly decreases the viability of the
cells. According to the study, the gamma-radiation also induced a large
degree of autophagy in the CD133+ GSCs, characterized by high level
expression of ATG proteins such as ATG5, LC3AT@12.

Modulation of Autophagy in Cancer erapy

e role and regulation of autophagy in cancer &parently quite
complex, but when tumor cells induce protective autophagy, inhibition
of autophagy may provide a way of sensitizing tumor cells to therapy by
activating apoptosis. Conversely, excessive autophagy induced by drugs
can potentially result in tumor cell elimination [12]. On top of this,
role of autophagy as a protector of cellular homeostasis and genome
integrity may be particularly important regarding cancer preion.

Induction of Autophagic Cell Death (ACD)

Defects in apoptosis are oen associated in meagcer cells;
hence targeting alternative cell death pathways is an attractive strategy
for improving anti-tumor therapy. us, the induction of cell death
by autophagy may serve as a novel therapeutic strategy, especially in
cancer cells with high thresholds to apoptosis.

Moreover, the consequence of promoting autophagy depends on
multiple factors, including extent of induction, duration, and cellular
context. Accumulating evidence indicates that promotion of autophagy
that leads to ACD contributes to in vivo antitumor e ects (Table 2).
For instance, a natural BH3-mimetic, small-molecule inhibitor of Bcl2,
(-)-gossypol, shows potent antitumor activity against ET EMC /Span <</Lang (enen-US)/MCID 696 >>BDC (a)19 5(o A)28 (CD )0.5 1.€
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