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ABSTRACT
Apo2 ligand (Apo2L)/tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is unique to
selectively induce apoptosis in tumor cells while sparing normal cells. Thus there is tremendous interest
in Apo2L/TRAIL therapy; however, drug resistance is a serious limitation. Autophagy is a cellular house-
keeping process that controls protein and organelle turnover, and is almost consistently activated in
response to apoptosis-inducing stimuli, including Apo2L/TRAIL. Unlike apoptosis, autophagy leads to
cell death or survival depending on the context. Various molecular mechanisms by which autophagy
regulates Apo2L/TRAIL-induced apoptosis have been identified. Further, whether autophagy is com-
pleted (intact autophagic flux) or not could determine the fate of cancer cells, either cell survival or
death. Thus, targeting autophagy is an attractive strategy to overcome Apo2L/TRAIL resistance. We
present the current view of how these regulatory mechanisms of this interplay between autophagy and
apoptosis may dictate cancer cell response to Apo2L/TRAIL therapy.
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Introduction

Apo-2 ligand (Apo2L) also called Tumor necrosis factor
(TNF)-related apoptosis-inducing ligand (TRAIL), was dis-
covered in 1995 as a prototype of the TNF cytokine super-
family, based on 28% homology to Apo-2L, and 23%
C-terminal homology to TNF.1,2 Unlike other members of
the family, it has multiple receptors, which are highly
expressed in various malignancies. Thus, its ability to induce
cancer selective apoptosis, with no toxic side effects on nor-
mal cells, makes it an attractive candidate in the cancer treat-
ment. Therefore, multiple clinical trials have been initiated
using recombinant Apo2L/TRAIL or receptor agonists
(reviewed in3,4). However, the success of Apo2L/TRAIL as
an anticancer agent has been limited by resistance to
Apo2L/TRAIL-induced apoptosis in cancer cells.3,4 Thus,
understanding the Apo2L/TRAIL resistance mechanisms and
investigation of the most “vulnerable” signaling pathway(s) in
the context of resistance to Apo2L/TRAIL-induced apoptosis
is critical to effectively exploit the Apo2L/TRAIL pathway in
the clinic.

Autophagy is a cellular stress adaptation pathway of
removal and recycling of damaged cellular components. By
maintaining cellular homeostasis, it regulates cell survival in
both normal and cancer cells.5 Numerous studies have
reported extensive cross-talk between apoptosis and autop-
hagy. In fact, apoptosis activating stimuli are almost invariably
associated with activation of autophagy.6 While activation of
autophagy can be pro-death or – survival depending on the
cellular context, autophagy is more widely accepted as a
mechanism of anticancer drug resistance. Indeed, inhibitors
of autophagy have been recently used in combination with

standard anticancer therapies in clinical trials in many
cancers.7,8

Importantly, a large number of studies report that Apo2L/
TRAIL can also activate autophagy, which, in turn, can con-
tribute to increased sensitivity or resistance to Apo2L/TRAIL,
in a context-dependent manner. Here, we review our current
understanding of the regulation and effect on Apo2L/TRAIL
sensitivity of the cross-talk between Apo2L/TRAIL-induced
apoptosis and autophagy.

Apo2L/TRAIL and its receptors

Physiologically, Apo2L/TRAIL occurs either as a type 2 trans-
membrane protein, expressed mainly on the surface of
immune cells, or as a soluble 24-kDa peptide formed by
proteolytic cleavage of the extracellular portion of the trans-
membrane form. Even though both forms are biologically
active, the transmembrane form is more potent as a ligand.
Apo2L/TRAIL binds to its receptor as a trimer, such that one
receptor molecule binds the crevice formed by two monomers
of the trimer. Thus, the Apo2L/TRAIL trimer can engage the
three receptors simultaneously.3,9-11

Apo2L/TRAIL interacts with four transmembrane recep-
tors, TRAIL receptors 1 through 4 (TRAIL-R1-4): (1) TRAIL-
R1 (also known as death receptor 4 (DR4), (2) TRAIL-R2
(DR5), (3) TRAIL-R3 (decoy receptor 1; DcR1), and (4)
TRAIL-R4 (DcR2), and one soluble receptor, osteoprotegerin
(OPG; TRAIL-R5).12-18 TRAIL-R1 (DR4) and TRAIL-R2
(DR5) contain functional cytoplasmic death domains (DD),
which transmit an apoptotic signaling cascade upon Apo2L/
TRAIL binding to the receptor. On the contrary, TRAIL-R3

CONTACT Alexandru Almasan almasaa@ccf.org Department of Cancer Biology, Lerner Research Institute, Cleveland Clinic, Cleveland, OH 44195, USA
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/kcbt.

CANCER BIOLOGY & THERAPY
2018, VOL. 19, NO. 9, 755–762
https://doi.org/10.1080/15384047.2018.1472191

©2018 Taylor &Francis Group, LLC

http://orcid.org/0000-0003-2309-3791
http://orcid.org/0000-0002-8916-6650
http://www.tandfonline.com/KCBT
https://crossmark.crossref.org/dialog/?doi=10.1080/15384047.2018.1472191&domain=pdf&date_stamp=2018-09-21


(DcR1) and OPG completely, and TRAIL-R4 (DcR2) partially,
lack the functional DD, and hence are unable to transmit
apoptotic signaling. In fact, they are known to inhibit
Apo2L/TRAIL-induced apoptosis by scavenging the ligand,
hence the name decoy receptors.19,20

Apo2L/TRAIL signal transduction

Binding of the Apo2L/TRAIL trimer to the DR4 and/or DR5
causes receptor trimerization. The cytoplasmic DDs of the
activated receptors, in turn, recruit the adaptor protein Fas-
associated DD (FADD) by interacting with the DD of FADD.
This recruits pro-caspase-8 and pro-caspase-10 downstream
of FADD via homotypic interactions between the death-effec-
tor domains (DED) of FADD and the DED of procaspase-8
and −10. Thus, a multi-protein complex comprising: TRAIL-
Rs, FADD, and caspase-8/10 is formed, which is called the
death-inducing signaling complex (DISC). Recruitment of
pro-caspases-8 and −10 to the DISC complex results in their
homodimerization, which, in turn, induces a conformational
change and exposes their active sites. This causes auto-activa-
tion and subsequent engagement of additional pro-caspase-8
and −10 molecules, ultimately resulting in full caspase activa-
tion at the DISC.21-23

Induction of apoptosis by Apo2L/TRAIL

Apo2L/TRAIL can activate both intrinsic (mitochondrial) and
extrinsic (death receptor) branches of the apoptosis pathway.
In “type I” cells adequate caspase-8 activation takes place at
the DISC, such that caspase-8 dependent activation of effector
caspase-3 is sufficient to induce apoptosis. However, in “type
II” cells caspase-8 activation at the DISC is not sufficient,
therefore, the mitochondrial intrinsic pathway is required to
elicit an apoptosis response. In the latter case, active caspase-8
cleaves Bid to form the active, truncated Bid (tBid), which, in
turn, activates the mitochondrial intrinsic pathway of apop-
tosis. This involves mitochondrial outer membrane permea-
bilization (MOMP), followed by release of cytochrome c and
Smac/DIABLO (second mitochondrial activator of caspases/
direct inhibitor of apoptosis-binding protein with low pI)
from mitochondrial intermembrane space into the cytosol,
where cytochrome c causes activation of caspase-9 by the
formation of the apoptosome, a multimeric complex compris-
ing cytochrome c, Apaf-1, and caspase-9. Activated caspase-9
is the initiator caspase which, in turn, cleaves and activates the
effector caspases, such as caspase-3 and caspase-7. Release of
Smac further favors apoptosis signaling by blocking the inhi-
bitor of apoptosis (IAP) proteins, a family of antiapoptotic
proteins that bind to and inhibit effector caspases (reviewed
in24).

Induction of necroptosis and proinflammatory
response by Apo2L/TRAIL

Depending on the cell type, and most often in the context of
apoptosis-deficiency, Apo2L/TRAIL signaling can also elicit a
non-apoptotic response, such as: (1) necroptosis, (2) proin-
flammatory pathways, mediated by NF-κB, Akt, MAPK, and

JNK activation, and (3) prosurvival signaling cascades that
favor enhanced cancer cell proliferation, migration, invasion,
and/or tissue metastasis.25-27 The activation of these pathways
depends on the formation of a secondary complex, compris-
ing the DISC components, i.e. TRAIL-Rs, FADD, caspase-8,
and cFLIP, in addition to receptor interacting protein 1
(RIP1), TNF receptor-associated factor 2 (TRAF2), and the
NF-κB essential modulator (NEMO).28 RIP1 acts as an impor-
tant dual function regulatory component for activation of
NF–κB, as well as caspase-8 at the DISC. Its function is
determined by ubiquitination and phosphorylation.29

Potential and limitations of Apo2L/TRAIL in
anticancer therapy

Due to its unique ability to induce apoptotic cell death in
cancer cells, with no toxic side-effects on the normal cells,
there has been tremendous clinical interest in using Apo2L/
TRAIL in cancer treatment. Consequently, clinical trials tar-
geting TRAIL-R1 or – R2 using soluble recombinant human
rhuApo2L/TRAIL (Apo2L.0 or AMG-951/Dulanermin) as
well as by using agonistic antibodies have been pursued.30,31

Although they are well tolerated, TRAIL-R agonists have
proven largely ineffective in clinical trials unless selected
cells are targeted.31-33

Clinical ineffectiveness of Apo2L/TRAIL has been largely
attributed to inherent or acquired resistance of tumors to
Apo2L/TRAIL-induced apoptosis.31,32,34-37 In addition, non-
apoptotic signaling induced by Apo2L/TRAIL may contribute
to Apo2L/TRAIL-resistance by favoring undesirable growth
promoting events. Thus, in a pancreatic adenocarcinoma
xenograft model, Apo2L/TRAIL treatment was shown to pro-
mote the development of liver metastasis, underscoring the
potentially deleterious effect of non-apoptotic signaling by
Apo2L/TRAIL monotherapy.38 Understanding and targeting
the factors and/or cellular pathways contributing to inherent/
acquired Apo2L/TRAIL resistance in tumors in combination
with Apo2L/TRAIL is expected to overcome the undesirable
and/or limited efficacy of Apo2L/TRAIL monotherapy.

The autophagy pathway

“Macroautophagy”, hereafter referred to as “autophagy” is an
evolutionary conserved, cellular “self-eating” process through
which cellular contents (macromolecules and/or damaged
organelles) undergo lysosomal degradation.39-41 It is the
major pathway for turnover of damaged macromolecules
and organelles, and ensures cellular homeostasis under stress
conditions, such as starvation. It provides energy substrates
and building blocks for cellular structures, such as formation
of a special double-membrane structure called autophago-
some that sequesters the cellular cargo to be degraded.39-41

The autophagy pathway comprises 6 different steps, repre-
senting different stages in the formation and maturation of
autophagosome (reviewed in42). (1) Induction: The autophagy
induction signal, the most well established being inhibition of
mTORC1, marks the initiation of autophagy by activation of
the ULK1 (Unc-like Kinase 1) complex (2) Nucleation of the
phagophore: Initiation is followed by the assembly of
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autophagy-related proteins (ATGs) at the phagophore assem-
bly site, where a coordinated fusion of membranes derived
from plasma-membrane, Golgi, and endosomes gives rise to a
cup-shaped initial membrane structure called phagophore
that surrounds the autophagic target. Nucleation requires
activation of Beclin-1 (BECN1)/VPS34 (BECN1/Vacuolar
Protein Sorting 34) complex by ULK1. The BECN1/VPS34
complex has three forms, depending on the interacting part-
ners of the core BECN1/VPS34/VPS15, ATG14L, and
UVRAG association, which induces autophagy, whereas the
Rubicon complex negatively regulates this complex. Further,
anti-apoptotic family members, including BCL-2, BCL-xL and
MCLl-1, have been shown to interact with BECN1 and inhibit
its pre-autophagosomal assembly resulting in inhibition of
autophagy.43 Conversely, proteins, such as High mobility
group box 1 (HMGB1), a chromatin-associated nuclear pro-
tein and extracellular damage-associated molecular pattern
molecule (DAMP) and BNIP3 that competitively displace
BCL-2 or BECN1 and disrupt the complex are known to
promote autophagy. (3) Elongation: The phagophore expands
and ultimately closes at the two ends to give rise to a double-
membrane structure called an autophagosome. Elongation of
the phagophore requires two ubiquitination-like conjugation
systems: ATG12-ATG5-ATG16, and LC3-PE. First, ATG7, an
E1-like enzyme forms a thioester bond with and activates
ATG12. Subsequently, ATG12 is transferred to ATG10, an
E2-like enzyme, which is followed by conjugation of ATG12
to ATG5. The ATG12–ATG5 conjugate further interacts with
ATG16 to give rise to ATG5-ATG12-ATG16, an E3-like
enzyme needed for LC3 processing. ATG4, a protease, then
cleaves LC3/ATG8 at its C terminus to form the cytosolic
LC3-I. LC3-I is then modified to the phosphatidylethanola-
mine (PE)-conjugated LC3-II form by a ubiquitination-like
reaction that requires ATG7 as the E1-like, ATG3 as the E2-
like, and ATG5-ATG12-ATG16, as E3-like enzymes. The PE-
conjugated form, known as LC3-II, gets incorporated into the
autophagosomal membrane. (4) The production of PI3P: The
BECN1-VPS34 complex recruits phospholipid-binding pro-
teins, including ATG9, ATG2, WIPI1/2 (or ATG18), which
function to recruit lipids to the phagophores. (5) Fusion:
Autophagosomes ultimately fuse with the lysosomes and
give rise to autolysosomes, which, along with their contents,
are subsequently degraded and recycled. LAMP1/2, Rabs, and
dynein are needed for the process. (6) Degradation: and recy-
cling: Lysosomal hydrolases, Cathepsins -D, -L, and -B hydro-
lyse the autolysosomal content, and the products as well as the
lysosomes are recycled.

Autophagy can be both non-selective, leading to bulk dis-
integration of cytoplasmic components or selective, targeting
specific substrates, such as proteins, lipid droplets, and orga-
nelles. Mammalian cells possess cargo receptors, such as the
sequestosome (SQSTM1, also called p62), which facilitate
selective autophagic degradation of ubiquitinated targets.
p62, by interacting with ubiquitin on target on one side, and
with LC3, through LC3-interaction (LIR) domain on the other
side, delivers the cargo to the autophagic machinery. During
autophagic degradation of the target, the cargo receptors are
also degraded, hence p62 degradation is often used as a
marker of autophagic flux. Other such cargo receptors include

Nix, Nuclear Dot Protein 52 (NDP52), and Neighbor of
BRCA1 gene (NBR1).44

Autophagy in cancer

In normal cells, autophagy functions as a cell intrinsic tumor
suppressor mechanism by removing damaged organelles,
mitigating deleterious ROS, thus limiting chromosomal
instability and mutations, and promoting oncogene-induced
senescence.39,45-50 Thus, inhibition of autophagy is potentially
oncogenic. However, in established tumors, cells hijack the
autophagy pathway and use it for their own benefit, i.e.
combating metabolic stress, hypoxia, ER stress, evading
immune response, and promoting resistance against antican-
cer therapy.7,51-54 Multiple clinical trials using autophagy flux
inhibitors, chloroquine and hydroxychloroquine, have been
initiated for the treatment of multiple types of cancer.8

Activation of autophagy by Apo2L/TRAIL

Apoptosis and autophagy may lead to a different cellular fate, yet
the two pathways do share common regulatory mechanisms and
pathways. Therefore, a stimulus for induction of apoptosis, such as
anticancer therapies, almost invariably alters autophagy signaling,
and vice versa. Thus, the ultimate outcome of any anticancer
therapy is determined by the cross-talk between these two path-
ways. Importantly, a better understanding of the molecular path-
ways that coregulate autophagy and apoptosis will help identify
molecular determinants of the cellular death or resistance to
Apo2L/TRAIL.

Apo2L/TRAIL has been explored for treatment of various
tumors, including leukemia and prostate cancer.55 It has been
foundmore effective particularly in combination with chemother-
apeutic agents, such as the DNA-topoisomerase I inhibitor CPT-
11.56 Apo2L/TRAIL treatment of cancer cells has been shown to
activate autophagy by multiple mechanisms, involving common
regulatory pathways that also regulate apoptosis. Apo2L/TRAIL
treatment in lung, bladder, andprostate cancer cell lines resulted in
TRAF2- and RIP1-dependent activation of MAPK8/JNK, which,
in turn, led to degradation of BCL-2 and activation of BECN1-
dependent prosurvival autophagy.57 On the other hand, Apo2L/
TRAIL treatment in leukemic and pancreatic cancer cell lines
cleaved and activated PARP1, which, in turn, led to poly-ADP-
ribosylation of and cytoplasmic translocation of HMGB1 and
subsequentHMGB1-BECN1 complex formation, resulting in acti-
vation of autophagy. Moreover, caspase-9 was found to be
involved in regulating the initial steps of autophagosome forma-
tion. Caspase-9 formed a complexwithATG7, which inhibited the
apoptotic potential of caspase-9 and at the same time increased
LC3-II processing byATG7.58 Co-regulation of prosurvival autop-
hagy and apoptosis has been found in response to Apo2L/TRAIL
by BECN1.59 cFLIP has been shown to downregulate both apop-
tosis and autophagy.60 In contrast, Apo2L/TRAIL treatment has
been shown to inhibit autophagy. Melanoma cells that are inher-
ently deficient in argininosuccinate synthetase (ASS) are addicted
to autophagy to survive under arginine deprivation. Apo2L/
TRAIL treatment resulted in inhibition of autophagy by caspase-
8 dependent cleavage of BECN1 and ATG5.61 In another study,
p62 dependent degradation of RIPK1 by autophagy was shown to
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switch necroptotic- to apoptotic cell death.62 Overall, these studies
suggest that there are some regulatory molecules and pathways
that potentially determine the overall outcome, cell death or sur-
vival, as a result of the cross-talk between Apo2L/TRAIL-induced
autophagy and apoptosis. Better understanding of these regulatory
mechanisms will help identify potential targets critical for predict-
ingApo2L/TRAIL resistance versus sensitivity in a given genomic/
disease context.

The Thorburn lab has employed an innovative approach to
identify themolecular signature to predict context-dependent role
of autophagy.63 Autophagy flux along with cellular context (type 1
or type 2) could determine cell death or resistance by regulating
Fap-1 protein phosphatase, a critical negative regulator of apopto-
tic cell death. A given cell population was separated into two
subpopulations based on low-autophagy flux versus high autop-
hagy flux by using flow cytometry. Cell death in response to Fas
and Apo2L/TRAIL was investigated separately in these two sub-
populations, in two different cellular contexts, i.e. type 1 and type 2
cells. Selective degradation of Fap1 by autophagy was found to
cause cell death in type 1 cells in response to Fas in cells with high
autophagy flux, which do not depend on the intrinsic apoptosis
pathway for cell death, However, in Fas-treated type 2 cells, and
Apo2L/TRAIL treated type1 or type 2 cells, high flux was asso-
ciated with resistance. This study has been amajor step forward in
the understanding of context-dependent role of autophagy flux. It

would be thus helpful to determine other molecular hallmarks of
cancer cells, such as type 1 versus type 2 and Fap1, which could
help explain the context-dependent role of autophagy in determin-
ing Apo2L/TRAIL resistance.

Autophagy and Apo2L/TRAIL resistance

The role of autophagy in Apo2L/TRAIL resistance is an area of
active investigation. Belowwe will review various keymechanisms
that have been identified by which autophagy confers Apo2L/
TRAIL resistance (Figure 1).

In apoptosis-deficient cells

Han et al. first described the role of autophagy in Apo2L/TRAIL
resistance.64 Activation of autophagy by Apo2L/TRAIL-treat-
ment was identified as a mechanism of Apo2L/TRAIL resistance
in the apoptosis-deficient tumor cells, as demonstrated using
various experimental systems, including: (1) genetically engi-
neered apoptotic deficiency, i.e. FLIP transfection or Bax knock-
out in HCT-116 or Jurkat cells, (2) cells with inherent Apo2L/
TRAIL-resistance, i.e. colon cancer cell line, as well as (3) breast
carcinoma cell lines selected for acquired drug resistance to
cisplatin (MCF7) or VP16 (MDA-MB-231).65 In the presence
of functional autophagy, apoptosis-deficient cells were resistant

Figure 1. Mechanism(s) by which autophagy confers Apo2L/TRAIL resistance. Apo2L/TRAIL-binding to its receptors TRAIL-R1 and -R2 recruits FADD via homotypic
interactions between the death domains of FADD and TRAIL-R which, in turn, converts pro-caspase-8 into active caspase-8. In ype 1 cells, caspase-8 directly cleaves
pro-caspase-3 and this leads to apoptotic cell death. In type 2 cells, caspase-8 cleaves Bid to form truncated Bid, which associates with mitochondria and leads to
release of cytochrome c and Smac. The cytochrome c release activates pro-caspase-9 to form caspase-9, which, in turn, ultimately leads to pro-caspase-3 cleavage
and apoptotic cell death. Inhibitors of apoptosis (IAPs) inhibit caspase-9 and caspase-3, and antagonize apoptosis. Smac inhibits IAPs and favors cell death.
Autophagy promotes Apo2L/TRAIL resistance by interfering with its apoptotic signaling in various ways such as: degradation of caspase-8, decrease in surface
expression of TRAIL-Rs by autophagic degradation, and decrease in the levels of Smac and increasing that of IAPs. Autophagy can also suppress immunogenic killing
by regulating T-cell recruitment and function.
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to Apo2L/TRAIL-induced cell death, despite caspase-8 proces-
sing. Inhibition of autophagy by various means, including
knockdown of BECN1, UVRAG, Vps34, or ATG7, in these
apoptosis deficient cells caused sensitization to Apo2L/TRAIL-
induced cell death.64 Another independent study reported that
MDA-MB-231 breast cancer cells with acquired resistance to
chronic Apo2L/TRAIL treatment displayed upregulation of the
autophagic activity compared to their sensitive counterparts.
Targeting autophagosome formation could sensitize the resis-
tant cells to Apo2L/TRAIL-induced apoptosis in the resistant
cells.66 Apoptosis defects are often acquired during tumorigen-
esis either naturally, such as Bax frameshift mutations in color-
ectal carcinoma and certain hematological malignancies, or
during the course of acquired drug resistance.43,67,68 Thus, tar-
geting autophagy should be particularly relevant in such cancer
settings.

Selective removal of caspase-8

The mechanism by which Apo2L/TRAIL-induced autophagy
counterbalances the Apo2L/TRAIL-mediated cell death in
cells with defects in apoptosis was recently delineated by
showing how functional autophagy sequesters the large cas-
pase-8 subunit into autophagosomes, with its subsequent
degradation in lysosomes.65 Similar observations were made
in a recent study from our laboratory. Apo2L/TRAIL-resistant
prostate cancer cells exhibited high autophagic flux, resulting
in more efficient clearance of p62-aggregates. In contrast,
autophagic flux was low in Apo2L/TRAIL-sensitive cells, lead-
ing to accumulation of p62-aggregates, leading to caspase-8
activation and cell death. In contrast, inhibition of autophagy
induction prevented p62 accumulation and hence caspase-8
activation. Moreover, inhibition of autophagy induced cas-
pase-8 activation, thus suggesting the role of autophagy in
regulating activation of caspase-8.69 PCa cells can be sensi-
tized Apo2L/TRAIL with Bcl-2 family protein inhibitors.70

Interestingly, inhibition of autophagy in ABT-263-treated
cells led to p62 accumulation, which co-localized with cas-
pase-8 and promoted its self-aggregation, and hence
apoptosis.71

Mislocalization of DR4 and DR5

Expression of death receptors DR4 and DR5 on the surface of
cell membrane is a critical determinant of sensitivity of cancer
cells to the rhuApo2L/TRAIL and its receptor agonistic anti-
bodies. Mis-localization of these receptors in intracellular com-
partments has been shown to be an important resistance
mechanism. Autophagy was shown to regulate the spatial
dynamics of the Apo2L/TRAIL receptors in breast cancer cell
lines. Apo2L/TRAIL resistant versus sensitive cell lines differed
in basal accumulation of autophagosomes. Apo2L/TRAIL resis-
tant (e.g. BT474 and AU565) cells had high basal autophago-
some levels, which sequestered DR4 and DR5, as shown by their
co-localization with LC3-II, resulting in their reduced surface
expression. Inhibition of autophagy by genetic and pharmaco-
logical means to inhibit autophagy initiation restored surface
expression of DR4 and DR5, leading to Apo2L/TRAIL sensiti-
zation in Apo2L/TRAIL-resistant cells. In contrast, Apo2L/

TRAIL-sensitive (MDA-MB-231) cells lacked accumulated
basal autophagosomes and consequently had high levels of sur-
face expression of DR4 and DR5. Inhibition of autophagic flux
by inhibiting lysosomal activity in these cells resulted in an
accumulation of autophagosomes, which sequestered DR4 and
DR5 and decreaseed their surface expression, resulting in
Apo2L/TRAIL resistance.72

Stability of anti-apoptotic/pro-apoptotic factors

In glioma cells, BECN1 was shown to directly interact with and
stabilize survivin, an IAP family member.59 In another study in
lung, prostate, and bladder cancer cells, the inhibition of autop-
hagy reduced the expression of antiapoptotic factors BIRC2/
cIAP1, BIRC3/cIAP2, XIAP, and CFLAR/c-FLIP and sensitized
these cells to Apo2L/TRAIL-induced cell death.57 In colorectal
cancer cells, hypoxia (0.5% O2) led to activation of mitochondrial
autophagy. The resulting loss of mitochondria decreased the
availability of mitochondria-derived pro-apoptotic molecules,
such as Smac and, therefore, compromised the signal amplifica-
tion from intrinsic apoptosis pathway in Apo2L/TRAIL treated
type-II cells, resulting in Apo2L/TRAIL resistance73.

Immunosuppressive-related chemo-resistance. In late,
metastatic lung cancer tissues, Inhibition of autophagy
resulted in upregulation of CD4+, Foxp3+ tumor infiltrating
lymphocytes as well as decreased expression of PD-L1, a
marker of tumor specific CD8+ T cell dysfunction and
immune activaton. In addition, there was activation of
Apo2L/TRAIL-dependent apoptosis mediated by caspase 8.74

Overall, all these studies suggest that autophagy has a very
important role in determining the cellular response to Apo2L/
TRAIL. Thus, activation or inhibition of autophagy by directly
targeting the pathway seems an attractive combination
approach with Apo2L/TRAIL monotherapy. Importantly,
since autophagy activation occurs in response to most cell
death inducing agents, considering the role of autophagy,
prodeath or-survival, while designing any combination regi-
mens with Apo2L/TRAIL is imperative. Selective targeting of
mitochondrial HSP90 in cancer cells activated an organelle
unfolded protein response (UPR), which, in turn, activated
cytoprotective autophagy.75 Similarly, deferoxamine (DFO),76

and niacin77 were shown to activate autophagic flux and
induce Apo2L/TRAIL resistance in human colon cancer
cells. On similar lines, inhibition of autophagy would act
synergistically with combination of ABT-263 and Apo2L/
TRAIL.71 In contrast, in another study genistein, a major
isoflavone compound, known to limit tumor cell proliferation,
inhibited autophagic flux which, in turn, sensitized Apo2L/
TRAIL-resistant A549 adenocarcinoma cells to Apo2L/TRAIL
treatment.78 Interestingly, autophagy inhibition antagonized
the cell death induced by combination of Apo2L/TRAIL with
a chalcone derivative (Chal-24)79 or with metformin.80

Conclusion

Overall, extensive literature suggests that apoptosis and autop-
hagy are interlinked through common regulatory networks.
Thus, in response to Apo2L/TRAIL autophagy signaling is
inseparable from apoptosis. Since autophagy can induce cell
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death or resistance in response to Apo2L/TRAIL in any given
cancer setting, the context-dependent role of autophagy will
contribute to the overall cell survival or death in response to
Apo2L/TRAIL monotherapy. Evaluation of this contribution
of autophagy will help strategizing effective combination ther-
apy regimens with Apo2L/TRAIL for personalized cancer
therapy. Therefore, understanding such cellular and molecular
contexts will help identify critical determinants for predicting
Apo2L/TRAIL response or resistance to it.
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