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Autophagy is a well-known vital process in cells and plays a significant role in biological
evolution, the immune system, and cell death. It can be effective in fatal disorders, such
as nervous system degeneration, autoimmune diseases, and cancer. Autophagy has a
dual role; on the one hand, it increases cell survival, and on the other hand, it causes cell

check for death in advanced stages although no agreement has yet been accomplished on the role
updates of autophagy in cellular processes. There is evidence that autophagic signaling
regulation is inversely related to oncogenic signaling. Numerous commonly activated

Keywords: oncogenes (class I PtdIns3K, Akt, TOR, Bcl-2) inhibit autophagy, while commonly
Autophagy mutated or epigenetically silenced tumor suppressor genes (p53, PTEN, TSC1/TSC2)
Cancer promote autophagy. Autophagy promotes cancer progression by supplying sufficient
Cell nutrients that enable cancer cell growth. FIP200, a related- autophagy protein,
Metabolism interacts with ATG 13 and induces autophagy. Increased autophagy causes the

interaction of Becklin 118 with HERZ, resulting in an increase in tumorigenesis. In
order to make complete use of the autophagic properties in cancer treatment, further
studies on its role in disease in the different biologics fields are essential. Cancer stem
cells (CSCs) can regenerate, cause cancer, and enhance resistance to treatment,
metastasis, and recurrence. Autophagy moderates stressful conditions and promotes
resistance to anticancer therapy. In addition, autophagy regulates the ability of
radiation in CSCs and leads to failure in anticancer therapies. Hence, autophagy is a
potential therapeutic target for metastasis resistance and anticancer therapy
recurrence. Regulation of autophagy using autophagy modulators alone does not
improve the therapeutic effects of anticancer reagents. In contrast, it has supplied
nutrients for cancer cells. Consequently, clinical trials aiming for autophagy through a
combination of autophagy modulations and anticancer reagents are crucial to consider
autophagy as a potentially effective therapeutic strategy in anticancer therapy.

1. Introduction

Autophagy as an intracellular process enhances  sequential steps. These steps include inducing paths

important catabolic and cellular degradation in eukaryotes,
which plays a vital role in preserving cellular homeostasis,
providing nutritional requirements of cells, and eliminating
old and damaged organelle, protein, and other
macromolecules?. In fact, autophagy is an induced response
in starvation conditions, protecting the amino acid pool
against gluconeogenesis and synthesizing essential
proteins for survival?2, Autophagy consists of several

leading to autophagy, selection of organs and proteins that
require destruction, nucleation and formation of
membranes (phagocytosis), expansion and evolution of
autophagy, reconstruction of used components, fusion of
lysosomes with autophagic membranes and formation of
phagocytosis, and finally, decompositions of cellular
components, in which, proteins, such as Atg10 and Beclin1
play an important role (Figure 1)3.
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Figure 1. Steps of autophagy and cytoplasmic degradation

Set of genes called ATG genes or Autophagy-related
ATG genes stimulate the process of autophagy and the
formation of autophagic in mammals*. These genes encode
an intracellular machine that initially controls the
autophagic activity, cargo collection, and trafficking to
the lysosomal compartment. Most of these genes have
been conserved between yeast and humans* The
accumulation of ubiquitous protein, abnormal organelles,
especially mitochondria, and increased Peroxisomes,
rough endoplasmic reticulum, lipid particles, and
ribosomes have been observed in rat tissues with defective
autophagy®. Although there is no clear evidence addressing
the functional effect of this failure on the quality of protein
and organelle control, intracellular proteins have been
associated with reactive oxygen species (ROS) production,
increased proteotoxicity, and metabolic defectsé. The
analysis of mammalian homolog using yeast of essential
proteins for autophagy (Aut and Apg) has indicated that
the mentioned proteins directly contribute to the
membranes involved in autophagy. The autophagy process
begins with forming a double membrane-bound structure
called (autophagosome) in response to a ubiquitination-
like reaction. Apgl2 is covalently bound to Apg5 in which
Apgl12-Apg5 forms a complex with Apgl6L, and through
the elongation process, they collect on the separation
membrane, and after autophagosome formation, they
separate from the membrane?5.

LC3 (Aut7/Apg8 Ortholog in yeast), as an important
protein, is the only reliable autophagy marker, which
localizes on the membrane of complete spherical
autophagosomes and on the autolysosome in contrast to
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Apgl12-Apg5. To destroy and recycle the autophagosome
metabolic substances, Apgl12-Apg5 fuses with lysosomes,
and autolysosome is formed®.

Another protein involved in autophagy is Beclin 1
(veast homologues of Apg6/Vps30). It plays a significant
role in vacuolar transport and forms a complex with
phosphatidylinositol (PtdIns) 3-kinase. The mentioned
complex is collected in trans- Golgi network (TGN). This
complex is proposed to play a crucial role in separating
membranes by providing PtdIns3 P from TGN. It is thought
that PtdIns® P helps the formation of autophagosomes by
mediating other autophagy proteins to make a pre-
autophagosomal structure or act as a cargo protein.
However, is that TGN itself may be involved in the
formation of autophagosomes by providing membranes?0.

Autophagy primarily occurs under the conditions of
hypoxia, immune injury, stress, and nutrient deficiency®11.
Therefore, it is evident that autophagy mainly happens due
to the continuous growth of cancer cells, and consequently,
the increasing need for nutrients and oxygen, compared to
the non-cancerous ones!2. In other words, autophagy is a
highly regulated process, closely associated with several
human diseases, such as cancer!3 14 According to the
genetic research in Saccharomyces cerevisiae, the formation
complex ATG1 kinase with ATG17 and ATG13, was
introduced as an important factor in autophagy initiation,
and in mammals, the ATG1 homologues are Ulk1 and Ulk2.
It is also reported that the opposite point of ATG13 and
ATG17 is mATG13 and FIP200, respectively. Under glucose
starvation, AMPK promotes autophagy by activating Ulkl
through phosphorylation of Ser 317 and Ser 777 under
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nutrient sufficiency; high mTOR activity avoids Ulkl
activation by phosphorylating Ulk1 Ser 757 and disrupting
the interaction between Ulkl and AMPK. Phosphorylation
Ulk1 through mTORC1 is a response to nutrient signaling
in autophagy induction and regulation?s. Recent studies
show that autophagy is connected to both the progression
of cancer cells and their cessation¢. Autophagic signaling
pathway regulation in cancer cells induces through
oncogenic KRAS. One of the trans-membrane proteins is
VMP1 which is essential for autophagosome formation. To
induce and maintain the level of autophagy in cancer cells,
Oncogenic KRAS requires VMP1. In this process, GLI3, as a
transcription factor regulator, binds to the VMP1 promoter.
In order to modify this process, histone acetyltransferase
p300 complexes are accompanied by GLI3. The PI3K-AKT1
pathway expresses in the GLI3-p300 complex upstream
and mediates VMP1 promotional activity?!?.

In most cases, autophagy leads to survival in response
to growth factors or metabolic stress in cases where
apoptosis cannot resume cell growth to normal
circumstances, it maintains survival for weeks?8,

Reactive oxygen species is one of the vital molecules in
response to oxidative stress, which has been linked to a
myriad of pathologies, such as traumatic brain injury,
ischemia/reperfusion, and hypoxia in the tumor. Two
major resources produce ROS; mitochondria (in the
process of Cellular respiration) and NADPH oxidase (NOX)
which creates the neutrophil superoxide and membrane
phagosomes. The accumulation of high levels of ROS as a
result of oxidative stress or mitochondrial dysfunction can
disrupt and break cellular homeostasis and, consequently,
induce autophagy. In this process, autophagy removes the
aggregated proteins and damaged organelles, such as
mitochondria, which can decrease the improvement of
oxidative stress and reduce ROS levels. The ROS may also
trigger the formation of autophagic membranes by
modifying and adjusting Atg4 activity as a cellular signaling
molecule. Interaction between ROS and autophagy in
various pathologies conditions include starvation and
tumor. Generally, the autophagic transcription regulatory
mechanism by ROS occurs in the cell nucleus. The
overproduction of ROS activates transcription factors, such
as HIF-1, p53, FOX03, and NRF2, respectively, and these
factors induce BNIP3 and NIX, TIGAR, LC3, and BNIP3, and
p62 transcription, correspondingly. Finally, the produced
proteins induce autophagy and reduce ROS levels. In
addition, ER stress sensor PERK, a downstream inductor,
expresses autophagic genes, including LC3. And ATG5
increases autophagic flow1%20. ROS can be produced in one
of the autophagy mechanisms involved in tumor survival,
whose source is chain electron transfer with Ca 2* and
NADPH oxidases (Nox). ROS production mechanism in
starvation-induced autophagy has not been explicitly
determined. According to the findings of Sarah et al,, ROS
produced through Nox in starvation-induced autophagy
activates JAK2-STAT3 in the STAT3 pathway. Activation of
STAT3, a significant oncogenic protein, triggers cytokine
IL6 growth factor and other involved factors signaling, and
eventually, it promotes proliferation and survival in cancer
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cells. Since autophagy was determined as a survival
pathway in tumor cells, there has been a tremendous
interest in stopping autophagy for cancer treatment!? 21,

Conversely, studies indicate an inverse relationship
between autophagy activity and the potential for
malignancy??, especially in malignant cells or cell
transfusion with a low basal autophagic activity, compared
to their normal reciprocal cells. An increase in the
destruction rate of autophagic proteins does not show
serum deprivation conditions and high levels of cell
density. The rat liver carcinogenesis model has revealed
that autophagy activity has briefly decreased in stage
preneoplastic and is mostly reduced in primary
hepatocellular tumor cells. However, it has not yet been
known whether the observed reduction in malignant cells
is important in mechanistic tumorigenesis or whether
secondary symptoms are associated with malignant cell
transformation? 22 23,

Alternatively, reduced autophagy may increase the
ability of cell proliferation. It is considered one of the
mechanisms of death?3.

P62 is an adapter protein. In cells with a normal
autophagy pathway that is not stressed, the p62 protein
level is low. P62 is a fundamental nuclear factor erythroid
2-related factor 2 (NRF2). Cells get rid of oxidative stress
by removing and relieving mitochondrial ROS sources and
protect themselves by activating antioxidant-defense
genes. In the mentioned process, NRF2, as a transcription
factor, activates this response. Under normal conditions,
NRF2 transcription activity by connecting to kelch-like
ECH-associated protein 1 (KEAP1) is off or stopped.
Oxidative stress causes KEAP1 modification, which leads to
the release of NRF2 or, in other words, p62 gene
upregulation. Competitive binding between p62 and
KEAP1 leads to transfer NRF2, or NRF2 displaces?.

Defect in autophagy, which prevents p62 degradation,
accumulates at a high level, promotes its activity, and
establishes the antioxidant defense by connecting to
KEAP1 and releasing NRF2. Also, the elimination of the
essential gene for autophagy Atg7 in liver cells causes p62
accumulation, upregulation of NRF2-target genes, and
tumorigenesis. Therefore, it is clear that degrading p62 by
autophagy and termination of NRF2 activity is essential for
the mechanism of tumor suppressionZ4 25,

Besides their known function, a number of oncogenes
and tumor-suppressor genes intervene in the autophagy
pathway. Oncogenes that inhibit autophagy include
phosphatidylinositol 3-kinase, PI3K, Myc, Ras, Aktl, and
Anti-apoptotic proteins from the Bcl-2 family?26 27,

Autophagy defects due to allelic loss of beclinl or the
activity of the PI-3 kinase / mTOR autophagy pathway are
most common in human tumors?28.

It has been shown that beclin1, as an autophagy gene, is
monoallelically deleted in 40-75% of patients suffering
from sporadic breast, ovarian, and prostate cancer?°.

It is thought that Beclin 1 is vital for the localization of
autophagic proteins to a pre-autophagosomal structure. In
order to prove this, Qu et al. measured autophagy by
obtaining tissues from mice - / + beclin 1 and / ++ beclin 1,
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which express GFP-LC3 autophagy marker transgenically.
GFP-LC3-positive (dots) level was significantly reduced in
the muscle of beclin mice- / + 1, compared to mice / ++
beclin 1 under starvation conditions. It is noted that the
elimination of heterozygous beclin 1 reduces autophagy in
muscle under starvation conditions. They also observed
papillary lung carcinomas in mice - / + beclin 1 that
strongly suggested its bronchial cells origin. After two
months, by taking the amount of autophagy in the
bronchial epithelial cells exposed to starvation conditions,
bronchial epithelial cells were significantly reduced,
compared to muscle cells. These findings reveal thatin
mentioned condition, beclin 1 heterozygous deletion
lessens autophagic and tumor activity3°.

2. Consequences of autophagic disorder

Autophagic ATG genes encode the intracellular
machine, which forms autophagic, collecting (cargo
vesicles, and they control the transfer (movement) to the
lysosomal compartment, and most of these genes are
common between yeast and humans. The accumulation of
ubiquitous  protein, abnormal organs, especially
mitochondria, as well as, additional proxies, endoplasmic
reticulum (ER), Ribosomes, and lipid droplets were
observed in mutated mice with autophagy defects3.

Autophagy plays a vital role in removing clumps of
protein in stressful situations or in situations where
mutant protein expression is associated with increased
protein misfolding (without shape and fold) and greater
aggregation. Lack of elimination clumps of protein through
autophagy leads to the accumulation of them in the form of
Mallory-Dunk bodies in the liver, ubiquitous and mutant
protein clumps in the brain in the form of masses of 1-
antitrypsin in the lungs, liver, and other tissues32. Although
the proteasome pathway can destroy soluble proteins
separately, autophagy is needed to destroy protein
aggregation. It may complete the destruction through
proteases during stress. Autophagy is stimulated by
blocking the path of protease and is very sensitive to
defective cells, and there is evidence of a partial interaction
and dependence between the two main mechanisms of
protein degradation?. 32 33,

3. Autophagy dysfunctions associated with
cancer

Over the past decade, it has been shown that oncology
is genetically linked to an imbalance in autophagy
mechanisms, and cancer progression has a dual role. In the
early stages of cancer, autophagy suppresses the
development of tumors by clearing damaged proteins and
organs and induces cell death. In contrast, in advanced
cancers under stress conditions, autophagy by tumor cells
is used to meet metabolic needs for survival and rapid
tumor replication. Therefore, autophagy as a tumor
promoter has been reported in advanced cancers. For
example, negative tumor suppressor genes through various
signaling mechanisms (such as AMPK and mTOR) can
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cause autophagy and suppress cancer onset; however,
oncogenes' activation can lead to autoimmune inhibition
and the spread of cancer cells. Autophagy modulates the
growth and development of cancer cells depending on the
type of tumor and its developmental stage, and genetic
tissue. Autophagy is considered a mechanism of cancer
suppressor in normal cells. However, in stressful situations
(such as hypoxia and ROS), abnormal autophagy leads to
the breakdown inhibition of damaged organs and proteins
and cancer progression. However, mutations in autophagy
proteins lead to tumor suppression/progression in a
variety of cancers. For example, in gastric and colorectal
cancer, there are no related proteins BECN1 (such as BIF-
1)3435, BECN1 often was monoallelically deleted in ovarian,
breast, and testicular cancer. In addition, in mice with
partially deficient autophagy due to the removal of BECN1,
it is susceptible to liver cancer and lung tumors at older
ages36. Also, the activation of oncogenes, such as (PI3KCA)
and the inactivation of tumor suppressors (e.g., PTEN and
LKB1) are associated with autophagy inhibition and tumor
formation3’. On the other hand, the disorder in autophagy
due to the deletion of ATG5 mosaic leads to benign liver
tumors, which shows that different tissues have different
responses to autophagy disorder. In addition, mutations in
UVRAG protein are related to autophagy reduction and
subsequent growth of colorectal cancer3®. On the other
hand, high levels of autophagy in several types of activated
cancer with RAS (for example, pancreatic cancer) have
been reported, and inhibition of autophagy in these cancers
prevents the formation of tumors3?.

Cellular transformation and disruption in many
signaling pathways are directly or indirectly related to
autophagy modulation, and depend on biological factors,
such as oncogenesis, tumor suppression, and tumor type.
So, autophagy is considered a double-edged sword. It has
also been observed that increased autophagy in hypoxic
regions of solid tumors has been attributed to cell survival
and inhibition of autophagy leads to a strong induction of
cell death in these areas® 435,

4. Autophagy and cancer prevention

Since autophagy plays a role in tumor suppression,
induction of autophagy may be a significant way to prevent
cancer. In human tumors, PI3K-AKT-mTOR signaling is
often impaired, and by inhibiting mTOR signaling
autophagic activity can be induced. The use of metformin in
order to inhibit mTOR signaling can weaken tumor
formation*?. Additionally, it was seen that the inhibition of
intestinal neoplasia is enhanced by continuous treatment
and low-dose rapamycin in APCMin/ + mice with AKT-mTOR
signaling#!. Abnormal activation of Wnt signaling by
autophagy leads to the formation of colorectal tumors#2.
Other autophagy activator drugs may also be useful in
preventing cancer, and further research is needed. Thus,
autophagy can be constructive in cancer prevention by
limiting inflammation, tissue damage, and genome
instability4043,

Deficiency in P62 can result in tumorigenesis, indicating
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that inhibition of P62 may be valuable for cancer
prevention and treatment?444. Anti-inflammatory and
autophagy stimulants can be helpful in cancer prevention,
especially in cancers in which autophagy is suppressed and
accompanied by increased inflammation*>. There is also
evidence that cancer suppression due to caloric restriction
and the health benefits of exercise may be related to
autophagy. In other words, caloric restriction increases the
level of autophagy*¢.

Consequently, Autophagy may help suppress tumor in
some areas by cleaning waste cell, particularly the mutant
proteins (aggregated), damaged mitochondria, and P62. So
it can be predicted*+.

5. Autophagy in the treatment of cancer

Autophagy in cancer treatment can be understandable
when it becomes a tumor-cell survival pathway, so there is

a great interest in inhibiting autophagy in cancer
treatment. Although autophagy inhibitors are small
molecules developing, lysosomotropic agents and

hydroxychloroquine anti-material, which by inhibiting
lysosomal function, block destroys autophagy products, are
actively evaluated in a clinical trial2347.

It is unknown at this time whether HCQ is an effective
autophagy inhibitor in human tumors or not, how patients
who benefit from it are identified and their tumors
evaluated and how to find out the most excellent drugs to
combine with HCQ. Furthermore, the potential anticancer
activity of HCQ can be associated with autophagy or may be
triggered by other mechanisms*8.

The induction of autophagy when it is cytotoxic may be
by induction of cell death by itself or by activating another
cell death mechanism (apoptosis), which can help recover
the efficiency of anticancer therapies. Some drugs/natural
extracts, some of which have previously been used
clinically, have been described to cause cell death by
inducing autophagy in different cancer cells. For example,
combining vitamin D with radiation increases cytotoxic
autophagy in breast tumor cells. Resveratrol and curcumin
lead to cell death in human tumor cells via apoptotic and
autophagy. Naphthazarin, a naphthoquinone derivative, as
a microtubule depolymerizing agent induces apoptosis and
autophagy in lung cancer cells, and finally, it leads to cell
death in tumor cells. In addition, the Small STF-62247
molecule induces autophagic cell death in renal cell
carcinoma with a deficiency in von Hippel-Lindau (VHL)
and TXA1 (small thioxanotic molecule) that decreases the
viability of cells in melanoma and breast cancer by
induction of autophagy*7-4°.

Based on the findings reported by the vast majority of
studies in this field, it seems that autophagy induction
rather than autophagy inhibition could be utilized to
improve the outcome of cancer treatment, at least in
immune-competent hosts. Hence, nutraceuticals, exercise,
and calorie restriction (such as metformin), which can
induce autophagy, are considered possible alternatives to
treat cancer in combination with chemotherapies. In
addition, it gives the impression that inhibiting autophagy,
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specifically in cancer cells, may enhance the abscopal
response to radiation therapy, that is, the ability of
localized radiation to trigger systemic antitumor effects.
Thus, it is shown that selective autophagy inhibition in
cancer cells and systemic induction of autophagy could be
combined to improve the outcome of anticancer therapy.
Considering the role of autophagy in regulating the
expression of oncogenes and modulating the function of
the cells of the tumor environment, such as fibroblasts and
immune cells, more questions than answers have been
raised by this review. As a result, more investigations are
needed to further clarify the possible consequences of
autophagy manipulation in cancer therapy*7.50.

6. Autophagy and cancer stem cells

Cancer stem cells (CSCs) are a small subpopulation of
cells that can self-renewal and differentiation and have a
role in the onset of the tumor, chemotherapy, and
metastasisSl. Numerous studies have examined the
fundamental mechanism of maintaining this stem cell
resistance, and autophagy may play an important role in
this process. A previous study has shown autophagy
regulates CSC homeostasis®2%3. In glioma stem cells,
inhibition of autophagy suppresses differentiation, while
consist increase in autophagy leads to differentiation54.
One study has shown that a decrease in LC3B-II and Beclin-
1 is associated with the progression of astrocytic tumors>>.
However, autophagy cell death is detectable in glioma stem
cells. The suppression of autophagy by cilengitide, an
integrin antagonist, reduces cell cytotoxicity>.

Therefore, it is not clear whether autophagy diminishes
the amount of glioma stem cells. According to a study, On
breast cancer stem cells, CSCs have a vital role in cancer
recurrence and metastasis®®. Silencing of two autophagy-
related proteins, LC3B and ATG12, or treatment with
autophagy inhibitors directly decreases cancer stem-cell-
like phenotypes. Autophagy is linked to protective effects
against various cellular stresses in breast CSCs. Necrosis
also occurs in carcinoma under hypoxia and metabolic
stress and as a result, causes induction of inflammation and
progression of metastasis. One of the important factors in
cancer metastasis is EMT which some EMT-regulators can
boost EMT by eliminating cell adhesion and autophagy. It is
found that autophagy deficiency, with stabilization of
TWIST1, can enhance EMT>7,

7. The goal of autophagy in cancer treatment

Numerous studies show that autophagy can reinforce
the tumor as well as suppress the tumor. The modulation
of autophagy is a promising potential strategy to improve
cancer therapy?® 47. A study has identified the drugs
targeting all steps of the autophagic processes, from the
initiation of the autophagosome to the degradation
step*49, Additionally, several studies have confirmed that
autophagy plays key roles in anticancer therapy, including
acquiring resistance to anticancer therapy. Autophagy
enhanced by chemotherapy declines cell death, raises
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cancer-cell survival, and is linked with drug resistance in
cancer. Also, a previous study found that autophagy can
facilitate cancer-cell survival and drug resistance to
anticancer reagents and maintains stem cell-like properties
in hepatocellular carcinoma. Another study illustrates that
the suppression of autophagy leads to the promotion of
apoptosis and the therapeutic effects of anticancer therapy.
Besides, the use of the autophagy inhibitor chloroquine can
enhance apoptosis and the therapeutic effects of
photososan-II-mediated photodynamic therapy (PS-PDT)
in colorectal cancer cells. To a large extent, evidence
supports autophagy modulation as a promising and
potential therapeutic target?3 41,47.49,

Some autophagy regulators, such as rapamycin,
rapamycin water-soluble derivatives (temsirolimus and
everolimus), chloroquine (CQ: antimalarial agent), and
hydroxychloroquine (HCQ: CQ derivative), are used in
cancer therapy. Temsirolimus and everolimus, which
inhibit mTORC1 and induce autophagy, are approved by
the Food and Drug Administration (FDA) for cancer
therapy. Everolimus treats progressive neuroendocrine
tumors of pancreatic origin and breast cancer combined
with exemestane. Additionally, temsirolimus is used to
treat relapsed or refractory mantle-cell lymphoma in the
European Union, while rapamycin is for coronary stents (a
stent is a wire mesh stainless steel tube that holds an
artery open and remains in the artery permanently) and
rare pulmonary diseases23 57.

The CQ and HCQ, which have previously been used to
prevent and treat malaria, are lysosomal inhibitors and
directly inhibit autophagy through modification of
lysosomal pH, inhibition of autophagic degradation, and
accumulation of autophagosomes. The same approach, CQ
or HCQ, can suppress cancer-cell growth in bladder
cancer and pancreatic adenocarcinoma. In addition, some
studies have shown that these reagents enhance the
therapeutic effects of chemotherapy through the
inhibition of autophagy-mediated resistance to cancer
therapy>8. Furthermore, Lys05 is a water-soluble analog
of HCQ and was developed as a new lysosomotropic
agent. It functions at a low dose and increases the pH of
the lysosome, leading to autophagy inhibition. Notably,
Lys05 indicates higher anticancer special effects than
HCQ in vitro and in vivo in melanoma and colon cancer
xenograft models.

Additionally, LysO5 combined with a BRAF inhibitor
efficiently inhibited cancer in vivo. Thus, the development
of autophagy-specific inhibitors is a novel therapeutic
strategy for anticancer therapy. Other autophagy-related
drugs have been developed for anticancer therapy.
Spautin-1 inhibits autophagy and leads to the induction of
proteasomal elimination of class III PI3K kinase complexes.
The pro-apoptotic effect of Spautin-1 is related to GSK3f3
and affects a fundamental downstream effector of
PI3K/Akt. Hence, Spautin-1 is a potential therapeutic agent
for anticancer therapy. Moreover, SAR405 is a kinase
inhibitor of Vps18 and Vps34 and spoils lysosomal function
as well as influences the interaction between the late
endosome and lysosome. SAR405 combined with
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everolimus enhances the inhibition of cancer proliferation
in renal cancer cell lines. These results indicate that
SAR405 has anticancer therapeutic effects as a Vps34
inhibitor5°.

8. Conclusion

Given the role of autophagy in tumor suppression,
activation of autophagy may be an important strategy for
cancer chemoprevention. To identify new strategies that
selectively target autophagy in cancer cells without
harming normal tissue, we must continue to define the
cellular and metabolic functions of autophagy in both
normal and tumor cells.
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