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Editor’s Corner

Radiation therapy has been extensively 
employed throughout the last century 
to treat individuals affected by multiple 
types of tumors, with a variable degree 
of success. Current estimates indicate 
indeed that at least 50% of cancer patients 
all confounded have been or will be 
exposed to ionizing irradiation, either as 
a standalone intervention or combined 
with chemo- and/or immunotherapeutic 
regimens, be it with curative or palliative 
intents.1-3 The consistent technological 
advances achieved in the past few decades 
have significantly broadened the clinical 
benefits of radiation therapy. Thus, 
ionizing irradiation can nowadays be 
selectively targeted to malignant lesions 
while causing limited side effects.1,3 Such 
adverse events, which generally stem from 
the unavoidable irradiation of healthy 
tissues, reflect the preferential toxicity of 
irradiation for highly-proliferating cells, 
and often (though not always) resolve 
within a few weeks from the interruption 
of treatment.4 In addition, radiation 
therapy has been associated with a small 
but quantifiable increase in the risk of 
contracting a second cancer later in life, 
especially among individuals that have 
received ionizing irradiation as children or 
teenagers.5

For a long time, the antineoplastic 
effects of radiation therapy were entirely 
attributed to its ability to transfer high 
amounts of energy to irradiated tissues, 
resulting in some extent of direct 
macromolecular damage as well as in 
the overproduction of cytotoxic factors 
including reactive oxygen species (ROS).3 
Thus, cells exposed to ionizing irradiation 

either undergo a permanent proliferative 
arrest known as cell senescence or 
succumb to the activation of the DNA 
damage response, most often (though 
not exclusively) triggering the intrinsic 
pathway of apoptosis.6,7 Nowadays, it has 
become clear that cancer cell-intrinsic 
mechanisms cannot account for the 
therapeutic activity of irradiation in vivo. 
Accumulating evidence suggests indeed 
that cancer cells succumb to radiation 
therapy while (1) releasing ROS and 
other cytotoxic molecules that may 
kill neighboring cells (local bystander 
effects),8,9 and/or (2) eliciting a tumor-
specific immune response that exert 
antineoplastic effects at the systemic 
level (long-range bystander, out-of-
field or abscopal effects)10-12 (Fig.  1). Of 
note, abscopal-like reactions have been 
documented not only in mice, but also 
in sporadic cancer patients treated with 
radiation therapy.3,11

In fact, radiation therapy appears 
to promote a functionally peculiar 
type of apoptosis that has been named 
“immunogenic cell death” (ICD).13,14 
Thus, contrarily to cells that undergo 
conventional forms of apoptosis, cancer 
cells exposed to ionizing irradiation die 
while emitting a specific combination of 
signals that stimulates antigen-presenting 
cells to cross-prime antigen-specific 
adaptive immune responses.13,14 At least 
in mice, ICD obligatorily impinges 
on a few key cell death-associated 
processes, including (1) the exposure of 
the endoplasmic reticulum chaperone 
calreticulin on the cell surface; (2) the 
autophagy-dependent secretion of ATP; 

and (3) the release of the non-histone 
chromatin-binding protein high mobility 
group box 1 (HMGB1).13,14

The cancer cell-intrinsic and extrinsic 
mechanisms that underlie the emission 
of these immunogenic signals by dying 
cancer cells have just begun to emerge,15-18 
and macroautophagy (hereafter referred 
to as autophagy) appears to play a central 
role in this setting.19-22 Indeed, the 
pharmacological or genetic inhibition of 
autophagy has been shown to abolish the 
ability of cancer cells undergoing ICD 
to vaccinate syngeneic mice against the 
subsequent inoculation of living cells of 
the same type.20,22 This effect has been 
mechanistically linked to the fact that 
autophagy is required for the optimal 
release of ATP during ICD, possibly 
because it contributes to the preservation 
of vesicular ATP stores, at least in the 
initial stages of the lethal process.21

Autophagy actually represents an 
evolutionarily conserved mechanism 
of adaptation to stress that operates 
both in “steady-state” conditions, 
hence favoring the maintenance of 
intracellular homeostasis,23 and in 
response to a wide panel of homeostatic 
perturbations, including nutritional, 
chemical and physical cues (notably, 
ionizing irradiation).24 In this latter 
scenario, autophagy exerts major 
cytoprotective effects, as demonstrated 
by a consistent amount of literature 
reporting that the pharmacological or 
genetic inhibition of essential autophagic 
factors accelerate, rather than inhibit, the 
cellular demise.24 Based on these premises, 
the pharmacological inhibition of 
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autophagy has been suggested to 
constitute a valid strategy to circumvent 
the resistance of neoplastic cells to chemo- 
and radiotherapy.25

In a recent issue of Cell Death and 
Differentiation, Ko and colleagues 
investigated how the genetic inhibition of 

autophagy would impact on the response 
of human and murine lung carcinoma 
cells to radiation therapy, in vitro and in 
vivo.26 In line with previous reports, these 
authors observed that cancer cells stably 
depleted of essential autophagic factors 
such as ATG5 and Beclin 1 are more 

sensitive to the cytostatic/cytotoxic effects 
of ionizing irradiation than their wild-type 
counterparts, in vitro. Along similar lines, 
autophagy-deficient cancer cells growing 
in immunodeficient hosts exhibited an 
improved response to radiation therapy 
as compared with autophagy-proficient 
cells of the same type.26 These findings 
confirm that autophagy limits the efficacy 
of ionizing irradiation in settings in which 
therapeutic responses rely for the most 
part on cancer cell-intrinsic mechanisms.

Importantly, the response to 
radiotherapy of autophagy-incompetent 
tumors growing in syngeneic 
immunocompetent mice was decreased 
as compared with that of autophagy-
competent neoplasms.26 In this setting, the 
pharmacological inhibition of extracellular 
nucleotidases (artificially increasing 
the pericellular concentration of ATP) 
restored the radiosensitivity of autophagy-
deficient cancers, hence facilitating tumor 
infiltration by lymphocytes. Thus, in 
scenarios in which radiotherapy exerts 
antineoplastic effects mostly through 
the activation of tumor-specific immune 
responses, autophagy mediates a beneficial, 
rather than detrimental, function.

Altogether, these observations indicate 
that in immunocompetent hosts, cancer 
cell-extrinsic, immunological mechanisms 
may contribute to the therapeutic efficacy 
of ionizing irradiation more significantly 
than cancer cell-intrinsic ones. In this 
setting, the use of pharmacological 
inhibitors of autophagy as a strategy to 
sensitize cancer cells to therapy may not 
be justified. Conversely, the combination 
of ionizing irradiation with agents that 
stimulate the autophagic flux and/or with 
immunostimulatory interventions might 
yield optimal therapeutic responses. 
Further investigation is required to address 
this hypothesis in detail.

Figure 1. Immunogenic cell death in radiation therapy. Irradiated cancer cells generally undergo 
a permanent proliferation arrest known as cell senescence or succumb to mitochondrial apopto-
sis upon the activation of the DNA damage response. As they die, these cells release potentially 
cytotoxic factors such as reactive oxygen species, which may promote the demise of neighboring, 
non-irradiated or radioresistant cells (local bystander effect). In immunocompromised hosts, these 
2 mechanisms account for most, if not all, the therapeutic efficacy of ionizing irradiation. When 
neoplastic cells succumb to radiation therapy, they also emit a specific combination of signals that 
elicits tumor-specific cytotoxic T lymphocyte (CTL) responses. The immune effectors that are gen-
erated in this setting can act systemically, hence eradicating distant, non-irradiated lesions (long-
range, out-of-field or abscopal effect). In immunocompetent hosts, the efficacy of radiotherapy 
appears to rely for the most part on abscopal effects. DC, dendritic cell.
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