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Abstract: Autophagy is a vital, physiological catabolic process for cell survival by which
cells clear damaged organelles and recycle nutrients when homeostasis is maintained. Cancer
is a complex disease with uncontrolled growth of cancer cells. Recent studies have suggested
the role of autophagy in cancer. A complex relationship exists between autophagy and cancer,
since autophagy can contribute to the survival or the destruction of malignant cells depending
on the stage of tumor development. In this review, we describe in detail the mechanism under-
lying autophagy in cancer cells and the intricate involvement of the programmed cell death-1
(PD1) receptor with its ligand (PD-L1). The overexpression of PD-L1 receptors on cancer
cell membranes has been observed in several types of cancers. The interaction of PD-L1 on
cancer cells with PD1 on the surface of T-cells causes cancer cells to escape from the immune
system by preventing the activation of new cytotoxic T-cells in the lymph nodes and subsequent
recruitment to the tumor. In addition to its immunopathogenicity, PD1 has been related to
autophagy. Reduction of this receptor due to treatment increases autophagy, therefore promoting
the recycling of nutrients and clearance of toxic species, consequently promoting cell survival. In
addition, PD-L1/PD1 engagement can induce autophagy in nearby T-cells due to a decrease in
the amino acids tryptophan and arginine and due to the deprivation of nutrients such as glucose
followed by a reduction in glucose metabolism. Resistance to cancer therapies is attributed to
various pathways in oncogenesis including, inhibition of tumor suppressors, alteration of the
tumor metabolic environment, and upregulation of autophagy. Here we explore the interaction
between the immunosuppressive PD-L1/PD1 engagement and autophagy mechanisms, and
evaluate the impact of inhibition of these pathways in augmenting antitumor efficacy.
Keywords: immuno-oncology, cancer immunotherapy, autophagy, PD1, PD-L1

Introduction

Autophagy is a catabolic process by which cells recycle their own nutrients and remove
damaged organelles and protein aggregates. The process begins with the formation
of an autophagosome that engulfs fractions of the cytoplasm. The latter fuses with an
endosome to form an amphisome, which carries the degraded contents to the lysosome.!
This is a physiological process that plays an important role in organogenesis, tissue
homeostasis, metabolism, and immune responses, in addition to various diseases.
While researchers continue looking at the role of autophagy in defeating cancer, the
complexity of its underlying mechanisms remains a fundamental challenge. It was
determined that autophagy plays a dual role, either by suppressing tumor cells or by
promoting their survival. In the former case, tumorigenic capacity is reduced through
induction of autophagy.! An example of such autophagy-assisted tumorigenicity
inhibition can be seen in beclin 1 (BECNI1) protein, a mammalian homologue of
yeast A1g6/Vps30 gene, where it is monoallelically deleted in several human cancers
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such as breast, ovarian, and prostate cancers.”> Liang et al’®
observed autophagy induction with decrease in tumor cells
in MCF7 breast cancer cells when BECN1 was introduced.
Another common protein that has a tumor suppression effect
on autophagy induction is endophilin B1 (BIF-1), which has
been identified as a BECN1-interacting protein with tumor
suppression properties.* The role of these two genes in
oncogenesis was confirmed clinically based on their down-
regulation observed in cancer patients and in BECN17~ and
Bif-17"knockout mice, which showed a higher frequency in
tumor development and growth than their counterpart wild-
type animals. In the latter case, the underlying molecular
mechanism by which autophagy promotes tumor survival
in already well-established tumors® is still not fully under-
stood. However, it is thought that this process is linked to the
recycling of nutrients maintaining the cellular metabolism
and enabling it to persist during cellular stress.!

In the past decade, a number of anticancer-targeted
therapies have been discovered and proven effective in
various hematological and solid malignancies.® These
therapies are tailored to interrupt specific pathways within
the malignant cell and/or the tumor microenvironment, such
as the hormonal axis, the receptor-mediated tyrosine kinase
signaling pathway, and the immune system meshwork.?
The focus of this review is to examine the role of one of
immune checkpoint pathways, the programmed cell death-1
receptor with its ligand (PD-L1)/PD1 axis, in inducing
autophagy as the downstream pharmacological effect for
killing cancer cells.”#

PD-LI/PDI interaction and its
effects on autophagy

Cancer can escape the body’s immune surveillance.
Numerous tumors and tumor-infiltrating immune cells
express high levels of PD-L1. Under normal and steady-state
conditions, the PD-L1 pathway can play an important role in
maintaining immune homeostasis and protecting the immune
system. In cancer, the PD-L1 pathway can protect tumors
from cytotoxic T-cells by disrupting the cancer immunity
cycle in two ways.” " The first is within the lymph nodes,
where overexpression of PD-L1 on tumor-infiltrating immune
cells can prevent the priming and activation of new cytotoxic
T-cells in the lymph nodes and subsequent recruitment to
the tumor.’!! The second is within the tumor microenviron-
ment, where upregulation of PD-L1 on dendritic cells results
in deactivation of cytotoxic T-cells.'” In both cases, the inter-
action of PD-L1 with its cognate ligand PD1 on the surface
of T-cells suppresses their function causing them to change

phenotype, thus, developing a T-cell tolerance, inhibiting
their proliferation, lowering their cytokine production, and
hindering the recognition of tumor cells.

In addition to its immunopathogenesis role, the PD1/
PD-L1 signaling pathway is recognized to play a key role
in tumor intrinsic functions and survival.'> Autophagy is
one example of these intrinsic functions affected by the
PD-L1 ligand. The link between autophagy and the immune
response is still not quite well understood. Recent findings
from experiments with murine melanoma cells and human
ovarian cancer cells indicated that cells that express high
levels of the PD-L1 receptor are more sensitive to autophagy
inhibitors, as compared to cells that weakly express PD-L1."
This finding provides potential opportunities for the use of
autophagy inhibitors in PD-L1-overexpressing cells as a
new avenue in cancer medicine. Table 1 summarizes the
autophagy inhibitors presently available and their mecha-
nisms of action. However, in an animal model of ovarian
cancer, this autophagy inhibitor-sensitization effect due to
PD-L1 receptors was not observed. This suggests cell-specific
effects of PD-L1 signaling and warrants further experiments
to explore mechanisms of PD-L1 signaling and autophagy
in different cell types. This, in turn, will assist in guiding
whether autophagy inhibitors in combination with anti-
PD-L1 therapy will augment antitumor response clinically.'
Figure 1 summarizes the mechanisms of autophagy induced
by the blockade of the PD-L1/PD1 axis.

The effect of autophagy is seen not only in tumor cells
but also in tumor-free cells interacting with it. For example,
Parry et al’® demonstrated that PD1 engagement in T-cells
inhibited glucose uptake and glycolytic rate through block-
ade of CD28-mediated nutrient metabolism. Depletion of
glucose induces autophagy due to nutrient starvation via
the AMP-activated protein kinase (AMPK)) and mammalian
target of rapamycin complex-1 (mTORC1) pathway.!>!
It was also shown that when tumors expressing indoleam-
ine 2,3-dioxygenase (IDO) engage with T-cells, they cause

Table | Autophagy inhibitors and their targets

Drug name Target
Early stage inhibitors

3-methyladenine Class Ill PI3K
Wortmanin Class Il PI3K
LY294002 Class Ill PI3K

Late stage inhibitors
Chloroquine, hydroxychloroquine
Bafilomycin

Monesin

Lysosomal function
Lysosomal function
Lysosomal function

Abbreviation: PI3K, phosphoinositol-3 kinase.
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Figure | Schematic representation of the interaction of tumor cells with the immune system.
Notes: Upper panel represents the unperturbed mechanism of interaction between PD | with PD-LI in homeostasis conditions. Lower panel demonstrates the effects of the

blockade of the interaction between a tumor cell and a lymphocyte T-cell when there is a PD| and or PD-LI inhibitor present (X). It shows the upregulation of autophagy
as a defense mechanism.

Abbreviations: IFNYR, interferon gamma receptor; MHC, major histocompatibility complex; PD1, programmed cell death receptor-I; PD-LI, programmed cell death
receptor-1 ligand; TCR, T-cell receptor.

immunosuppression, due to the generation of metabolites of Although autophagy inhibitors have been proven effica-
tryptophan, 3-hydroxyantranylic acid (HAA), and quinolinic ~ cious on their own, recent investigations have focused on
acid (QUIN). Tryptophan metabolite-mediated T-cell their combinations with other chemotherapeutics in search
death is caused due to induction of apoptosis, however, it  of synergistic interactions with the prospect of cancer
has also been hypothesized that depletion of tryptophan  eradication.!” Given the dual role of autophagy in cancer,
itself, an essential amino acid, may lead to autophagy in  studies that hypothesize the rationale of using autophagy
T-cells.!>1 inhibitors are only useful if they target the prosurvival role of
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Table 2 Combination therapy between a chemotherapy agent
and an autophagy inhibitor

Drug combination Stage of development

HCQ + imatinib Phase Il
HCQ + gemcitabine Phase I/1l
HCQ + erlotinib Phase Il
HCQ + bortezomib Phase /Il
HCQ + temozolomide Phase |

CQ + bortezomib In vitro, in vivo

Abbreviations: CQ, chloroquine; HCQ, hydroxychloroquine.

autophagy in tumor cells. For instance, Rao et al'® concluded
from their studies that autophagy inhibits tumorigenesis at the
beginning of tumor progression and reverses its role to facili-
tate tumor survival and progression with increasing immune
suppression through PD-L1 with Atg5-regulated autophagy
in KRAS®"?P-driven lung cancer. Table 2 summarizes some
combination therapies and Table 3 summarizes the current
US Food and Drug Administration (FDA)-approved PD1
and PD-L1 inhibitors.

Additionally, Yang et al'® demonstrated that CYT387,
a Tank binding kinase-1 (TBK1) and Janus kinase (JAK)
inhibitor, not only inhibited autophagy but also suppressed
inflammation and feedback cytokines induced by KRAS-
TBKI1 signaling, pancreatic dysplasia, and PD-L1 expres-
sion, suggesting a potentially beneficial role of such type
of autophagy inhibitors and their possible synergy with
anti-PD-L1 therapy. In a preclinical study conducted on mice
xenografted with human melanoma cancer, it was shown that
the combination of anthracycline with autophagy inhibitors
resulted in an enhanced antitumor T-cell response.?’ The
same study also demonstrated that autophagy inhibition did
not have any major negative effect on the immune system.
These results provide a novel opportunity in cancer therapy
for prolonged and more efficacious combinatorial effects of
anticancer immunotherapies such as with drugs targeting the
PD-L1/PD1 axis with autophagy inhibitors.?

In contrast, however, a study by Peng et al indicated that
the loss of phosphatase and tensin homologue (PTEN) in
tumors was associated with reduced autophagy and subsequent

Table 3 Summary of biologic (monoclonal antibodies) inhibitors
of the PD-LI/PDI axis

Drug name Status Target
Nivolumab FDA approved PDI
Pembrolizumab FDA approved PDI
Atezolizumab FDA approved PD-LI
MEDI4736 FDA approved PD-LI

Abbreviations: FDA, Food and Drug Administration; PDI, programmed cell
death-1; PD-LI, programmed cell death-1 ligand.

reduction in T-cell infiltration and reduced T-cell-mediated
tumor cell death. Their findings suggested that blockade of
the PI3K-Akt pathway, more specifically by PI3Kf inhibitors,
would compensate the immunosuppressive effects of loss of
PTEN-mediated autophagy reduction in tumor cells.?!

Thus, although autophagy inhibitors provide oppor-
tunities for enhancing antitumor activity when used in
combination with anti-PD-L1 agents, autophagy inhibition
is only one component of a complex network of pathways
that affect immune system-mediated tumor cell death, and
further experiments are necessitated to discern the various
scenarios in which autophagy inhibitors may prove to be
beneficial in cancer therapy.

Conclusion

Cancer cells have several mechanisms to escape the immune
system, proliferate, and survive. Among which, the most com-
monly observed are the activation of oncogenic pathways, the
inhibition of tumor suppressors, and the alteration of tumor
metabolic environment (ie, oxygen, pH, and nutrients) due
to rapid cancer cell division. Therefore, tumors tend to adapt
through different survival mechanisms to compensate for
the deprivation of resources. One of these mechanisms is
autophagy, which although beneficial to normal cells, in can-
cer conditions, it helps malignant cells to adjust and adapt to
an unfavorable environment, and hence, develop and continue
growing. Additionally, autophagy has an immunomodulatory
effect. Blocking the PD-L1/PD1 axis via antibodies such as
anti-PD1 or anti-PD-L1 triggers autophagy in tumor cells,
which allows the recycling of nutrients and signals by the cells
in the vicinity and the release of cytokines and extracellular
vesicles that signal the ongoing damage in the malignant
cell.!! Due to the versatile ways in which autophagy promotes
tumor cell survival and decreases the effectiveness of chemo-
therapy by enhancing cancer cell metabolism and inhibiting
its cell death pathway, there have been suggestions about
using immune checkpoint inhibitors in combination with
autophagy inhibitors. A hypothetical way in which this could
result in a synergistic interaction is by combining a biologic
such as anti-PD-L1 receptor or anti-PD1 causing an increase
in autophagy with an autophagy inhibitor. However, more
studies are necessary to guide this synergistic interaction
particularly in the onset of tumor progression.

In summary, autophagy is a physiological phenomenon
that researchers are presently extensively studying in the
field of anticancer therapy due to the different mechanisms
by which it promotes tumor survival and ability to decrease
anticancer therapy effectiveness. A deeper understanding of
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how autophagy is regulated at the molecular level (ie, genetic,

epigenetic, protein, metabolic, and posttranslational) and

how autophagy can regulate itself plays a role in the immune

system, and be regulated by drugs, extracellular components,

and metabolites, may point to new therapeutic targets that

can directly or indirectly modulate autophagy.
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