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Autophagy was originally viewed as a widely conserved 
multistep lysosomal degradation pathway in eukaryotes. 
It includes the formation of autophagosomes, double-
membrane structures engulfing cytoplasm with damaged 
organelles during the degradation process. Under normal 
conditions, autophagy is a mechanism of cell survival, 
however, the role of autophagy in human disease remains 
complicated. 

In cancer, autophagy seems to have a dual role in 
tumor cell survival and death. During early stages of 
tumorigenesis, autophagy can limit tumor growth, 
however, in advanced cancers it may facilitate tumor 
progression as a protective mechanism against various 
stress conditions [1]. Given that tumors are frequently 
exposed to environmental stresses such as nutrient 
deprivation, low PH and hypoxic conditions, inhibiting 
autophagy appears to be a promising target for therapy. 
In fact, we and others have shown that targeting this 
pathway in combination with existing therapies can 
improve therapeutic outcome in some cancers [2-6]. 

In addition, there are somatic mutations that would 
predispose sensitivity to autophagy inhibition in certain 
tumor types. We have previously shown that BRAFV600E 
makes pediatric central nervous system (CNS) tumor cells 
sensitive to autophagy inhibition as they demonstrate 
high rates of autophagy compared to wild-type cells 
[2]. We also have demonstrated in vitro, ex vivo, and in 
patients that autophagy inhibition overcomes multiple 
molecularly distinct resistance mechanisms to BRAF 
inhibition in BRAF mutant CNS tumors. Particularly, 
there was a synergistic effect between BRAFi and 
autophagy inhibition [4]. Other groups have also shown 

the importance of autophagy in RAS mutant cancers as 
a key resistance mechanism to MEK or ERK inhibition. 
Combined autophagy inhibition in addition to ERKi and 
MEKi resulted in potent cytotoxicity in those models 
[5,6]. Current research efforts have mostly focused 
on utilizing chloroquine (CQ) or its derivatives such 
as hydroxychloroquine (HCQ) to inhibit late stage 
autophagy. However, lack of specificity, dose limiting 
cytotoxicity in combination with cytotoxic chemotherapy 
and inconsistency in autophagy inhibition across tumor 
types continues to be a challenge for the clinical use 
of these drugs [1].  Further studies have demonstrated 
differential effects of early versus late stage autophagy 
inhibition on tumor cell killing [7]. 

Together, these studies demonstrate how it is more 
essential to determine if inhibiting earlier phases of 
autophagy (involved in autophagosome formation) or 
later phases (involved in autophagosome cargo digestion) 
would yield better therapeutic outcomes. In our research 
studies, we aim to determine the optimal point to target 
and disrupt autophagy in BRAFV600E brain tumor 
cells in order to improve patient outcomes. Our most 
recent data were able to demonstrate the effectiveness 
of early stage autophagy inhibition against ULK1 and 
VPS34, two early autophagy regulators, using SBI-
0206965 and VPS34-IN1 respectively [3]. Both genetic 
and pharmacologic inhibition of early stage autophagy, 
particularly in the presence of BRAFi, reduced tumor cell 
growth and enhanced tumor cell death in BRAF mutant 
CNS tumor cells irrespective of their RAFi sensitivity. 
Interestingly, we observed increased treatment efficacy 
using early stage autophagy inhibitors in cells under 
stress (nutrient deprivation) which mirrors the tumor 
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microenvironment. Considering that others have shown 
a synergistic effect between ULK1 inhibition and mTOR 
inhibition [8,9], additional studies will be important to 
determine if we could increase treatment efficacy using 
mTOR inhibitors in combination with these early stage 
autophagy inhibitors in CNS tumors.  These data suggest 
early stage autophagy inhibition may be a viable target in 
autophagy dependent CNS tumors.

As more specific and optimized autophagy inhibitors 
are being developed, future studies will directly compare 
early and late stage autophagy inhibition to determine 
optimal targets in autophagy dependent BRAF mutant 
CNS tumors. Considering development of resistance 
to standard therapies remains a challenge even in 
combination targeted therapies, the need for developing 
the most effective combination therapies gains 
considerable importance. In combination with autophagy 
inhibition, studies to investigate targeting additional 
pathways such as those involved in other stress responses 
and even harnessing the immune response to improve 
treatment outcomes are important.

Initially, both cytotoxic innate and adaptive immune 
systems can control tumor development. Tumor-
associated danger signals result in acute inflammatory 
responses leading to tumor cell recognition, cytokine 
secretion (specifically, interleukin-12 (IL-12) and 
interferon-γ (IFN-γ), and tumor cell killing by natural 
killer (NK) cells, dendritic cells (DCs), and macrophages. 
After migrating to nearby lymph nodes, Mature DCs 
present tumor antigens and activate CD4+ and CD8+ T 
cells which will then migrate to tumor site and facilitate 
tumor cell killing [10].

Some tumor cells may manage to evade immune 
system attacks through developing various mechanisms 
and replicate leading to clinically detectable tumors 
[11]. In addition to the contribution of hypoxic and 
immunosuppressive microenvironment, cancer 
cells may down-regulate tumor associated antigens 
(TAAs) and major histocompatibility complex (MHC) 
class I expression leading to the acquaintance of low 
immunogenicity [12]. Additionally, tumor cells may 
develop resistance by suppressing CD4+ and CD8+ T cells 
via immunosuppressive cytokines (such as IL-10), factors 
regulating lymphocyte chemotaxis or immune check 
points such as programmed cell death protein 1 (PD1) 
facilitating the differentiation of immunosuppressive 
regulatory T cells [13]. 

It has been reported that autophagy can regulate immune 
system components, in particular NK cells, DCs, and T and 
B lymphocytes. By influencing their survival, activation, 
proliferation, differentiation, and homeostasis, autophagy 

can affect innate and adaptive immune responses. For 
example, initiation of tumor growth has been associated 
with decreased autophagy and infiltration of regulatory 
T cells that suppress the immune system [14]. It can also 
impact the release of cytokines and antibodies. Cytokines 
can also stimulate the early stages of autophagy but block 
autophagy flux (or the completion of the cycle) which 
in turn aggravates ER stress and increases lysosomal 
cell death [15]. It is important to note that a number of 
cytokines, immunoglobulins, and immune-related cells 
in turn affect the function of autophagy. For instance, 
transforming growth factor (TGF)-β, IFN-γ, IL-1, IL-2, 
and IL-12 are considered as autophagy inducers and IL-
4, IL-10, and IL-13 can act as autophagy inhibitors [16].

The exact role or interaction between autophagy and the 
body’s immune response to tumors remains in debate. 
On one side, it’s possible that effective autophagy is 
needed to stimulate tumor recognition by the immune 
system [17,18]. It has also been shown that autophagy 
supports antigen presentation and a potential improved 
immune response [19]. Inhibition of autophagy could, 
in theory, blunt these responses. In contrast, it has been 
shown that autophagy inhibition during immunotherapy 
can enhance sustained tumor regression [20]. Targeted 
autophagy inhibition in T-cells can enhance an anti-
tumor immune response by increasing the shift to effector 
memory cells and increasing production of interferon-γ 
[21]. Studies utilizing both early and late stage autophagy 
inhibitors have demonstrated immune reactivation 
against tumors. For instance, a recent report showed that 
lysosomes limited anticancer efficacy of CD8+ T cells in 
melanoma. Also, in melanoma, upregulation of autophagy 
by hypoxia resulted in diminished cell death induced by 
immune effectors. Treatment with HCQ enhanced tumor 
cell killing under this hypoxic condition [22]. Studies 
have shown that beclin1, a key component of early stage 
autophagy, results in an increase in T cell infiltration 
into the tumor microenvironment [23]. Finally, there are 
studies that find an equivalent T-cell response with and 
without autophagy inhibition [24].

Even though immunotherapeutic strategies aimed 
at boosting anti-tumor immunity are promising, 
immune tolerance remains a major challenge in cancer 
immunotherapy. As immunologic tolerance molecules 
such as IDO, CTLA-4, and PD-1 can regulate immune 
tolerance through autophagy pathways, it is key to 
understand the relationship between autophagy and 
tumor immune tolerance to design the most effective 
treatment strategy [15]. For instance, PD-1, a T-cell 
inhibitory checkpoint molecule, interacts with PDL-1 on 
the surface of the tumor cells suppressing an anti-tumor 
response. Recent studies have shown that blocking PD-1/
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PDL-1 axis via anti-PD-1 and anti-PDL-1 antibodies 
triggers autophagy in tumor cells and the addition 
of autophagy inhibitors can serve as an attractive 
combination immunotherapy approach [25]. Other 
studies have demonstrated anti-PDL-1 as a potential 
biomarker for response to mTOR or autophagy inhibitors 
in selected cancers [25]. 

Although, emerging evidence from cancer 
immunotherapy clinical trials has highlighted the crucial 
role of T cells in tumor elimination, most encouraging 
results have been in the context of hematological cancers 
and more recently in melanoma. Improving responses 
in CNS tumors continues to be complex with additional 
issues such as how to traffic the appropriate immune 
cells from the periphery into the brain [26]. And once the 
correct cells are in the CNS, how do we make them work 
better? There is a clear, although complex, connection 
between autophagy and the tumor immune response. 
We have clearly shown that both early and late stage 
autophagy inhibition are effective in autophagy dependent 
CNS tumors, such as those with BRAF mutations [2,3]. 
But can these responses be improved with a better 
understanding of the link between these pathways and 
the immune system? Early studies in melanoma have 
already investigated triple therapy with BRAF, MEK and 
PD-1 blockade and shown improved tumor control [27]. 
Is it possible to further these responses with autophagy 
manipulation? Future studies are ongoing to answer these 
questions and it will be important to include the analysis 
of anti-tumor immune responses in ongoing and future 
clinical trials where we are manipulating autophagy. 
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