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Abstract. Increasing studies suggest that autophagy has a
protective role in cancer treatment and may even be involved
in chemotherapy resistance. Nevertheless, the mechanism of
autophagy in cancer treatment and drug resistance has not
yet been established. There is a complex association between
autophagy and apoptosis. Accordingly, these two processes
can mutually regulate and transform to determine the fate
of a cell, depending on the context. Activating molecule in
Beclin 1-regulated autophagy protein 1 (Ambral) is an impor-
tant factor at the crossroad between autophagy and apoptosis.
The expression level and intracellular distributions of Ambral
may control the balance and conversion between autophagy
and apoptosis, and modify the effectiveness of chemotherapy.
Therefore, Ambral may provide a novel target for cancer treat-
ment, particularly for overcoming anticancer drug resistance.
The present review focuses on the role of Ambral in autophagy
and apoptosis and assesses the implications for cell survival
and chemotherapy resistance.
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1. Introduction

Macroautophagy, which is also referred to as autophagy, is a
protein degradation process in eukaryotic cells. The role of
autophagy in cancer treatment has been extensively studied,
yet the results remain controversial. Although certain studies
indicate that autophagy participates in chemotherapy resis-
tance, the mechanism is not yet clear (1). A recent series of
studies suggest that activating molecule in Beclin 1-regulated
autophagy protein 1 (Ambral) is an important factor in regards
to the association between autophagy and apoptosis, and may
control the reciprocal conversion between the two processes
to decide the resulting cell death or survival (2-4). Therefore,
Ambral may be an important factor of autophagy involved in
cancer treatment and chemotherapy resistance. The present
review focuses on the role of Ambral in autophagy and
apoptosis and assesses the implications for cell survival and
chemotherapy resistance.

2. Autophagy process and its dual role in cell death and
survival

Autophagy is an evolutionarily conserved lysosome-dependent
cellular catabolic degradation process in eukaryotic cells (5).
In general, basal autophagy exists in cells to maintain cellular
homeostasis through the degradation of long-lived proteins,
protein aggregates and damaged organelles. However,
autophagy is rapidly upregulated under adverse conditions,
including nutrient deprivation, hypoxia, radiation and anti-
cancer drugs, to recycle energy and supply macromolecules
for biosynthesis, leading to the cells adapting to the stress and
survival (5-13). Three major types of autophagy have been
reported, including macroautophagy, microautophagy and
chaperone-mediated autophagy (CMA) (10). Autophagy is
highly regulated by a series of autophagy-related genes (ATGs)
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that are essential for the formation, maturation and traffic
of autophagosomes (8,14). At present, >30 ATGs have been
identified in yeast, the majority of which have a mammalian
homolog (15).

Several complexes are essential at the initial stage of
autophagy, including the mammalian target of rapamycin
(mTOR) complex, Unc-51 like kinase-1 (ULK1) complex and
the mammalian ortholog of the ATG6/vacuolar protein-sorting
protein (Vps)30 (Beclin 1)-class III phosphatidylinositol
3-kinase (CIII PI3K/Vps34) complex (Vps34 complex) (16-18).
The mTOR complex includes two distinct complexes, mTOR
complex 1 (mTORC1) and mTOR complex 2 (mMTORC?2). The
mTORCI is a sensor of amino acids, adenosine triphosphate
(ATP), growth factors and reactive oxygen species (ROS).
Usually, mTORC1 combines with the ULK1 complex, leading
to the phosphorylation of ULK1 and mammalian ATGI13
(mATG]13), thus deactivating the ULK1 complex and blocking
autophagy (Fig. 1A) (16).

The ULKI1 complex contains the mammalian ortholog
of ATGI (ULK1/2), mATGI3, the mammalian ortholog of
ATG17 (FIP200) and ATG101 (17). Under adverse conditions,
the inactivation of mTORCI results in the dephosphorylation
of ULK1 and mATG13, prompting the activation of the ULK1
complex (16,17). The activated ULK1 phosphorylates Beclin 1
and Ambral to promote the formation and activation of the
Vps34 complex. In addition, the activated ULK1 directs the
Vps34 complex to the endoplasmic reticulum (ER), where
Vps34 catalyzes the transform of phosphatidylinositol (PI)
into PI-3-phosphate, which recruits the specific autophagic
proteins that are required for the formation of phagophores
(Fig. 1B) (16-18).

The Vps34 complex is the core machinery of autophagy
initiation, and is composed by Beclin 1, Vps34/CIII PI3K and
Vpsl5 (19,20). Beclin 1, a B-cell lymphoma (Bcl)-2-homology
(BH)3 domain only protein, is identified as a binding protein of
Bcl-2. It is an indispensible protein in mammalian autophagy
induction (21-23). Beclin 1 contains three identified structural
domains, including a BH3 domain, a central coiled-coil
domain (CCD) and an evolutionarily conserved domain
(ECD) (18,24-26). On the one hand, Bcl-2 family members,
including Bcl-2, Bel-extra large and myeloid cell leukemia 1,
interact with the BH3 domain to block the interaction of
Beclin 1 with Vps34/CIII PI3K, decreasing Vps34/CIII PI3K
activity and negatively regulating Beclin 1-dependent
autophagy (18,21-26) On the other hand, Beclin 1 directly
binds to Vps34 with the ECD and CCD domains to form the
Vps34 complex and arouse autophagic cascades (18). In addi-
tion, Beclin 1 regulates autophagy through various steps by
associating with other specific proteins, including Ambral,
ATGl4/Barkor, UV radiation resistance-associated gene and
RUN and cysteine rich domain containing Beclin 1 interacting
protein at the CCD domain (18,22,26-28). In one previous
study, Ambral, a cofactor of Beclin 1, was also shown to be
an inseparable part of the core Vps34 complex and a posi-
tive regulator of autophagy (2). Subsequently, the phagofores
elongate and fuse to form double-membrane vesicles called
autophagosomes. In the process of phagofore elongation, two
ubiquitin-like conjugation systems are required, including
the Atgl2-Atg5 conjugation and ATG8/LC3-PE (phospha-
tidylethanolamine) system. Following the maturation of
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autophagosomes, the outer membrane eventually fuses with
lysosomes to form autolysosomes (8,14,15). The contents
within the autolysosomes are digested by lysosomal hydro-
lases, the resultant macromolecules of which are recycled and
catabolized, thus producing energy to aid the adaptation of cells
to starvation or stress and contributing to cell survival (6,12).

Although autophagy is primary to contribute to cell
survival, in certain conditions, it can directly lead to cell
death, particularly in the cells with apoptotic machinery defi-
ciency (6,12). This type of cell death is called autophagic cell
death or type II programmed cell death (6,12). At present, the
mechanisms of cell death directly induced by autophagy have
not been fully clarified. The recognized interpretation is that
sustained autophagy leads to excessive degradation of neces-
sary proteins and organelles, or induces the high threshold
apoptosis (29). In cancer cells, autophagy has been previously
indicated to be upstream to apoptosis in ER stress-induced
death (30).

Therefore, autophagy is a highly regulated process that has
a dual role in cell death or survival. In addition, the role of
autophagy in determining the outcome of cells is dependent
on the context and cell type.

3. Autophagy in cancer therapeutic responsiveness and
chemotherapy resistance

Autophagy in cancer treatment. Previously, a growing body
of evidence has revealed that a variety of cancer treatments,
including chemotherapy, irradiation, endocrine therapy and
molecular-targeted therapy, can induce autophagy in diverse
cancer cell lines, and that induced-autophagy may be associ-
ated with therapeutic effects (1,7,19). Unfortunately, the role of
autophagy in cancer treatment remains controversial. Certain
studies have shown that autophagy induced by anticancer
treatment is a pro-death mechanism. For example, histone
deacetylase inhibitor, suberoylanilide hydroxamic acid, 5-fluo-
rouracil, sorafenib and imatinib, could respectively induce cell
death by autophagy in the cells of breast cancer, colorectal
cancer (CRC), hepatocellular carcinoma and glioma; while
the inhibition of autophagy with chemical reagents, such
as 3-methyladenine, or small interfering RNAs (siRNAs),
including Beclinl or ATGS, may suppress cell death (31-34).
As a result, autophagy is beneficial to cancer treatment. On
the contrary, increasing studies have shown that autophagy
induced by anticancer treatment plays a protective role (35-55).
Therefore, the blockage of autophagy is beneficial to cancer
treatment. Based on the results, >30 clinical trials have been
opened to investigate the effectiveness of chloroquine (CQ) or
hydroxychloroquine (HCQ) plus or minus chemotherapeutic or
targeted-drugs in human cancers (1). CQ and its derivative HCQ
raise the lysosomal pH and ultimately inhibit the fusion between
autophagosomes and lysosomes, thus preventing the maturation
of autophagosomes into autolysosomes, and blocking a late step
of autophagy (56,57). Notably, numerous trials have supplied
evidence of preliminary anticancer activity of CQ or HCQ (1).

Autophagy in chemotherapy resistance. Chemotherapy is
one of the major means of cancer treatment. However, the
resistance of cancer cells to drugs seriously limits their use.
The mechanisms underlying drug resistance are numerous,
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Figure 1. Autophagy process. (A) Non-autophagy, mMTORCI binds and deactivates ULK1 complex through phosphorylating ULK1 and mATG13, thus blocking
autophagy. (B) Under adverse conditions, the inactivation of mMTORC1 makes ULK1 and mATGI13 dephosphorylate, prompting the activation of the ULK1
complex. Activated ULK1 then phosphorylates Beclin 1 and Ambral, leading to the formation and activation of the Vps34 complex. Activated ULK1 directs
the Vps34 complex to the endoplasmic reticulum, where Vps34 catalyzes the transformation of PI into PI-3-P, which recruits the specific autophagic proteins
that are required for the formation of phagophores. Subsequently, the phagofores elongate and fuse to form autophagosomes. After the maturation of autopha-
gosomes, the outer membrane of it eventually fuses with lysosomes to form autophagolysosomes. Lastly, the contents of the autolysosomes are digested by
lysosomal hydrolases. mTORCI, mammalian target of rapamycin complex 1; ULKI, Unc-51 like kinase-1; mATG13, mammalian autophagy-related gene 13;
Ambral, activating molecule in Beclin 1-regulated autophagy protein 1; Vps34/CIII PI3K, class III phosphatidylinositol 3-kinase; ATG17, autophagy-related
gene 17; FIP200, mammalian ortholog of ATG17; ATG14/Barkor, autophagy-related gene 14; PI(3)P, phosphatidylinositol-3-phosphate.

including reduced drug absorption, the reduced ability of drugs
to eliminate cells due to diverse changes in cells, increased
efflux pump and so on (58,59). To date, these mechanisms are
not entirely understood.

The protective role of autophagy in cancer treatment
suggests that autophagy may be involved in anticancer drug
resistance. In fact, the role of autophagy in anticancer drug
resistance has been confirmed by the results from several
breast cancer cell lines (60-65). Epirubicin can induce
autophagy in MCF-7 cells, and the induced-autophagy
protects the cells from death by blocking apoptosis (60).
Similarly, this reagent also induces autophagy in derived
MCEF-7er cells (a type of induced epirubicin-resistant cell), and
the inhibition of induced-autophagy by chemical inhibitors,
such as baflomycin Al, or small hairpin RNAs (shRNAs),
including sh-Beclin 1 and sh-ATG7, restores the sensitivity of
MCEF-7er cells to epirubicin through enhancing apoptosis (60).
MCF-7er cells also generate resistance to paclitaxel (PTX)
and vinorelbine (NVB), which suggests that the cells obtain
a multidrug resistance (MDR) phenotype (61). Furthermore,
the inhibition of PTX and NVB induced-autophagy makes the
cells more sensitive to these drugs, indicating the autophagy
is also involved in MDR development (61). In addition,
Chittaranjan er al (62) indicated that the blockage of epiru-
bicin-induced autophagy augments the anticancer effects of
epirubicin in triple-negative breast cancer MDA-MB-231 cells,

derived resistant MDA-MB-231-R8 cells and SUM159PTR75
cells. These results suggest that autophagy facilitates epirubicin
resistance development by blocking apoptosis. Additionally,
other studies also demonstrate that the induced-autophagy
in various breast cancer cells contributes to the development
of resistance to paclitaxel, tamoxifen or herceptin (63-65).
Notably, these studies indicated that derived resistant breast
cancer cells obtained an increased capability for autophagy
compared with the parental cells, which further suggests that
autophagy is involved in the drugs resistance. Nevertheless,
the molecular mechanisms of autophagy in drug resistance
are complex and not yet established. A number of factors or
signaling pathways may participate in the process, including
epidermal growth factor receptor signaling, the PI3K/protein
kinase B/mTOR axis, tumor protein 53 and mitogen-activated
protein kinase 14/p38 signaling (1). In the future, additional
studies in vitro and in vivo are required to confirm the role
of autophagy in drug resistance and to explore the underlying
mechanisms.

4. Ambral is a positive factor of autophagy

Ambral is a Beclin I-interacting protein that contains a WD40
domain. It is primarily expressed in neural tissues and is essen-
tial for normal neural tube development (3). In mouse embryos,
the functional deficiency of Ambral results in serious neural
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Figure 2. Ambral in autophagy. (A) Ambral physically interacts with mTORC1, deactivating mTORC1 by phosphorylation; however, the association between
Ambral and the Beclinl-Vps34 complex is deactivated by binding to the dynein motor complex through interplay with DLC 1/2. While under stress settings,
Ambral is activated through phosphorylation by ULK1, the association of Ambral-DLCI and the Beclinl-Vps34 complex is released from the dynein motor
complex, and the core complex translocates to the ER and accelerates the formation of PI(3)P, which leads to autophagosome formation. (B) Ambral is docked
at the mitochondria by Bcl-2. Under stress conditions, Ambral is separated from mito-Bcl-2 and relocated to the outer membrane of mitochondria. Ambral
then competes with mito- and ER-Bcl-2 to bind Beclinl and prompts Beclin 1-dependent autophagy. Ambral, activating molecule in Beclin 1-regulated
autophagy protein 1; mTORC1, mammalian target of rapamycin complex 1; ULK1, Unc-51 like kinase-1; Vps34/CIII PI3K, class III phosphatidylinositol
3-kinase; ATG14/Barkor, autophagy-related gene 14; DLC, dynein light chain; PI(3)P, phosphatidylinositol-3-phosphate; ER, endoplasmic reticulum; Bcl-2,

B cell lymphoma-2.

tube defects, which are associated with autophagy impair-
ment, accumulation of ubiquitinated proteins, unbalanced
cell proliferation and excessive apoptotic cell death (3). The
overexpression of Ambral in rapamycin-treated human fibro-
blast 2FTGH cells has been shown to significantly increase
basal and rapamycin-induced autophagy (3). On the contrary,
downregulation of Ambral results in an evident decrease in
autophagy induced by rapamycin and nutrient deficiency (3).
Therefore, Ambral is a positive factor of autophagy induction.
The functions of Ambral in autophagy regulation are mainly
through interaction with mTORC1, ULK1, Beclin 1, dynein
light chain 1/2 (DLC 1/2) and Bcl-2 located at the mitochon-
dria (mito-Bcl-2) (2,66-69).

Normally, Ambral physically interacts with mTORCI,
which results in Ambral deactivation by phosphorylation at
Ser52 (Fig.2A) (67). However,under stress conditions, m"”TORC1
inactivates and ULK1 activates, which results in the activation
of Ambral and Beclin 1 through phosphorylation and leads to
autophagy induction (Fig. 1B) (67). Recently, Nazio et al (67)
have found that Ambral is a ULKI-binding partner that is
required for ULK1 stability and kinase activity. On autophagy
induction, Ambral mediates ULK1 Lys-63-linked ubiquity-
lation through interaction with the E3-ligase tumor necrosis
receptor associated factor 6 (Fig. 2A) (67). Ubiquitylation

enhances ULKI stability, kinase activity and self-association;
therefore, there is a positive regulation loop between Ambral
and ULKI in autophagy regulation (67).

As a binding protein of Beclin 1, Ambral can directly
interact with it at the CCD domain; equally, Beclin 1 can
bind to Ambral at the central region. The two proteins are the
primary elements of the Vps34 complex. In addition, Ambral
can modify the function of Beclin 1 through regulation the
ubiquitylation of it at lysine 437 (68). The Ambral-damage
specific DNA binding protein 1-Cullin-4A complex is an E3
ligase for K63-linked ubiquitylation of Beclin 1 (70,71). The
ubiquitination of Beclin 1 enhances the association of it with
Vps34 and promotes the activation of Vps34, which is required
for starvation-induced autophagy (70). Furthermore, studies
have shown that the downregulation of Ambral leads to a
reduced capability of Beclin 1 to interact with Vps34, and a
decrease in Vps34 activation (20,72). Therefore, Ambral trig-
gers autophagy through interaction with Beclin 1 to activate
Vps34 kinase and to promote Vps34 complex formation at the
beginning stages of autophagy.

Ambral has been found to dynamically bind DLC 1/2,
which leads the Ambral-Beclin 1-Vps34 complex to tether to
the dynein motor complex, resulting in core complex deactiva-
tion (2,66,68). During autophagy, Ambral is phosphorylated by
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Figure 3. Ambral in apoptosis. In cells, the overexpression or damaged degradation of Ambral leads to its accumulation, making cells avoid apoptosis and
more easily undergo autophagy and survival. Ambral, activating molecule in Beclin 1-regulated autophagy protein 1.
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Figure 4. Ambral in chemotherapy resistance. In resistant cells, Ambral may accumulate due to overexpression, damaged degradation or abnormal distribu-
tion at the surface of the ER, which shifts the balance towards autophagy and accelerates the occurrence of chemoresistance. Ambral, activating molecule in

Beclin 1-regulated autophagy protein 1; ER, endoplasmic reticulum.

ULK1 and the Ambral-DLC1 and Beclin 1-Vps34 complexes
are released from the dynein motor complex. Subsequently, the
core complex translocates to the ER and initiates autophagic
cascades (Fig. 2A). In addition, Ambral can also regulate
autophagy through dynamic combination with mito-Bcl-2 (68).
Usually, a pool of Ambral proteins is docked at the mitochon-
dria by Bcl-2; however, these proteins remain separate from
Bcl-2 and relocate on the outer membrane of the mitochondria
when autophagy occurs (68). Ambral then competes with
mito-Bcl2 and Bcl-2 resided at the endoplasmic reticulum to
bind Beclin 1, thus prompting Beclin 1-dependent autophagy
(Fig. 2B). Previously, Ambral-Bcl2 interaction has been found
to decrease at the mitochondria, whereas Ambral-Beclin 1
interaction increases at the mitochondria and ER following
the initiation of autophagy (68). Notably, the Ambral-Bcl-2
interaction at the mitochondria is disrupted by autophagy
and apoptosis induction (68). As a result, the dynamic subcel-
lular localization of Ambral is also an important factor of
autophagy regulation.

In summary, Ambral is a pro-autophagy factor, and the
function of Ambral in autophagy induction is a complex
process that requires additional studies.

5. Ambral is a negative factor of apoptosis execution

Ambral has been found to be important for apoptosis execu-
tion (66). As previously mentioned, the functional deficiency
of Ambral in mouse embryos leads to excessive apoptotic cell
death (3). Similarly, the downregulation of Ambral in adult
neural stem cells results in an increase in basal apoptosis and

an augmented sensitivity to DNA-damage-induced death (73).
In addition, in 2FTG cells and CRC SW620 cells, the
downregulation of Ambral with siRNA results in increased
sensitivity of the cells to staurosporine- and etoposide-induced
apoptosis, while the overexpression of Ambral makes the
cells undergo autophagy and survival more easily (4). There-
fore, the expression of Ambral is negatively associated with
apoptosis. Pagliarini et al (74) have found that Ambral is
rapidly degraded by caspases and calpains when apoptosis is
induced by staurosporine in human fibroblast 2FTGH cells.
The phenomenon has also been observed in SW620 cells
during etoposide-induced apoptosis (4). Previously, caspases
have been found to be responsible for Ambral cleavage at
the D482 site, whereas calpains are involved in complete
Ambral degradation (74). In addition, caspase-uncleavable
AmbralP*?* mutant 2FTGH cells confer increased resistance
to staurosporine- and etoposide-induced cell death (74).
Thus, Ambral is an important target of apoptotic proteases
resulting in the dismantling of the autophagic machinery.
Therefore, the overexpression or damaged degradation of
Ambral leads to its accumulation, and makes the cells avoid
apoptosis and more easily undergo autophagy and survival
(Fig. 3). Furthermore, Ambral preferentially binds the pool
of mito-Bcl-2 proteins, and the Ambral-Bcl-2 interaction is
disrupted by the induction of apoptosis and autophagy, which
indicates that Ambral has a double function in the regulation
of autophagy and apoptosis (68). During autophagy induction,
mito-Bcl-2 separates from Ambral leading to the increased
release of Bcl-2, which may enhance the anti-apoptotic func-
tion of Bcl-2 (69).
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Therefore, Ambral is an important factor of apoptosis
execution, and the level at which it is expressed will determine
whether the cell undergoes autophagy or apoptosis.

6. Ambral in cell survival and implications for chemother-
apy resistance

Previously, studies have indicated that there is a complex
association between autophagy and apoptosis (13,75). For
example, the important apoptotic proteins, including Bcl-2
family members and caspases, participate in the regulation of
autophagy, whereas numerous autophagic proteins, including
Beclin 1, Ambral, ATG5 and ATGI12, are involved in apoptosis
execution (75). Therefore, these two processes can mutually
regulate and transform, depending on the context. A study
by Hou et al (76) demonstrated the autophagic degradation
of active caspase-8 during tumor necrosis factor superfamily
member 10-induced autophagy, indicating that only one of
these two processes can prevail at a time.

As has been previously shown, Ambral is an important
factor at the crossroad between autophagy and apoptosis, which
may control the balance and conversion between autophagy and
apoptosis. Ambral may primarily play a pro-survival role due to
the positive induction of autophagy, which has been previously
demonstrated in in vivo (mouse embryos) and in vitro 2FTG
cells, SW620 cells and neural stem cells) studies (3,4,73,74).
According to these results, the accumulation of Ambral
in cells will promote autophagy occurrence and suppress
apoptosis execution, which may decrease the effectiveness of
chemotherapy. Therefore, Ambral may be a negative factor in
cancer treatment and prognosis, and involved in drug resistance.
Previously, it has been reported that Ambral is expressed in
~63.9% patients with pancreatic ductal adenocarcinoma (77).
Furthermore, the increased expression of Ambral is margin-
ally associated with perineural invasion (P=0.063), which is a
negative prognostic factor of cancer therapy, and significantly
associated with poor overall survival (P=0.032) (77). Neverthe-
less, no more data currently exists on the expression of Ambral in
other human cancers and its role in chemotherapy resistance. In
addition, the intracellular distribution and interplay of Ambral
with other proteins, such as Bcl-2, can also modify the function
of Ambral and control the conversion between autophagy and
apoptosis to determine cell death or survival (68). Therefore,
Ambral is an important factor in deciding the fate of cells.
Increased levels of Ambral due to overexpression or damaged
degradation, in addition to abnormal distribution and interaction
with other proteins, may shift the balance towards autophagy
instead of apoptosis in order to help the cells to survive, thus
leading to the resistance to anticancer drugs.

7. Conclusion

It is not surprising that autophagy is involved in the resis-
tance of cancer to anticancer drugs, due to its dual role in
cell death and survival. However, the current knowledge of
the molecular mechanisms of autophagy in drug resistance
remains superficial. Ambral is an important factor in regards
to the association between autophagy and apoptosis, and for
switching between these two processes. The accumulation
of Ambral promotes autophagy occurrence, protecting cells
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from apoptosis. In addition, the abnormal distribution and
interplay of Ambral with other proteins can also modify its
function. Therefore, Ambral may be a novel target for cancer
treatment, and involved in chemotherapy resistance. Based on
these findings, it is possible that, in resistant cells, Ambral
demonstrates accumulation or abnormal distribution at the
surface of the ER, which tips the balance towards autophagy
and accelerates cell survival, thus decreasing the effective-
ness of chemotherapy and generating resistance to the drugs
(Fig. 4). In the future, rigorous studies in vivo and in vitro are
required to confirm this theory and to investigate the potential
mechanism. Furthermore, additional studies may be helpful
for understanding the mechanism of drugs resistance, and
supply novel strategies for cancer treatment, particularly for
overcoming chemotherapy resistance in a clinical setting.
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