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In this issue of The EMBO Journal, Garg et al (2012)
delineate a signalling pathway that leads to calreticulin
(CRT) exposure and ATP release by cancer cells that
succumb to photodynamic therapy (PTD), thereby provid-
ing fresh insights into the molecular regulation of immu-
nogenic cell death (ICD).

The textbook notion that apoptosis would always take
place unrecognized by the immune system has recently
been invalidated (Zitvogel et al, 2010; Galluzzi et al, 2012).
Thus, in specific circumstances (in particular in response to
anthracyclines, oxaliplatin, and vy irradiation), cancer cells
can enter a lethal stress pathway linked to the emission of a
spatiotemporally defined combination of signals that is
decoded by the immune system to activate tumour-specific
immune responses (Zitvogel et al, 2010). These signals in-
clude the pre-apoptotic exposure of intracellular proteins
such as the endoplasmic reticulum (ER) chaperon CRT and
the heat-shock protein HSP90 at the cell surface, the pre-
apoptotic secretion of ATP, and the post-apoptotic release of
the nuclear protein HMGB1 (Zitvogel et al, 2010). Together,
these processes (and perhaps others) constitute the molecular
determinants of ICD.

In this issue of The EMBO Journal, Garg et al (2012)
add hypericin-based PTD (Hyp-PTD) to the list of
bona fide ICD inducers and convincingly link Hyp-PTD-
elicited ICD to the functional activation of the immune
system. Moreover, Garg et al (2012) demonstrate that
Hyp-PDT stimulates ICD via signalling pathways that
overlap with—but are not identical to—those elicited by
anthracyclines, which constitute the first ICD inducers to be
characterized (Casares et al, 2005; Zappasodi et al, 2010;
Fucikova et al, 2011).

Intrigued by the fact that the ER stress response is required
for anthracycline-induced ICD (Panaretakis et al, 2009), Garg
et al (2012) decided to investigate the immunogenicity of
Hyp-PDT (which selectively targets the ER). Hyp-PDT
potently stimulated CRT exposure and ATP release in human
bladder carcinoma T24 cells. As a result, T24 cells exposed to
Hyp-PDT (but not untreated cells) were engulfed by Mf4/4
macrophages and human dendritic cells (DCs), the most
important antigen-presenting cells in antitumour immunity.
Similarly, murine colon carcinoma CT26 cells succumbing
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to Hyp-PDT (but not cells dying in response to the unspecific
ER stressor tunicamycin) were preferentially phagocytosed
by murine JAWSII DCs, and efficiently immunized syngenic
BALB/c mice against a subsequent challenge with living
cells of the same type. Of note, contrarily to T24 cells treated
with lipopolysaccharide (LPS) or dying from accidental ne-
crosis, T24 cells exposed to Hyp-PDT activated DCs while
eliciting a peculiar functional profile, featuring high levels of
NO production and absent secretion of immunosuppressive
interleukin-10 (IL-10) (Garg et al, 2012). Moreover upon
co-culture with Hyp-PDT-treated T24 cells, human DCs were
found to secrete high levels of IL-1B, a cytokine that is
required for the adequate polarization of interferon vy
(IFN7)-producing antineoplastic CD8" T cells (Aymeric
et al, 2010). Taken together, these data demonstrate that
Hyp-PDT induces bona fide ICD, eliciting an antitumour
immune response.

By combining pharmacological and genetic approaches,
Garg et al (2012) then investigated the molecular cascades
that are required for Hyp-PDT-induced CRT exposure and ATP
release. They found that CRT exposure triggered by Hyp-PDT
requires reactive oxygen species (as demonstrated with the
10, quencher L-histidine), class I phosphoinositide-3-kinase
(PI3K) activity (as shown with the chemical inhibitor wort-
mannin and the RNAi-mediated depletion of the catalytic
PI3K subunit p110), the actin cytoskeleton (as proven with
the actin inhibitor latrunculin B), the ER-to-Golgi anterograde
transport (as shown using brefeldin A), the ER stress-asso-
ciated kinase PERK, the pro-apoptotic molecules BAX and
BAK as well as the CRT cell surface receptor CD91 (as
demonstrated by their knockout or RNAi-mediated deple-
tion). However, there were differences in the signalling path-
ways leading to CRT exposure in response to anthracyclines
(Panaretakis et al, 2009) and Hyp-PDT (Garg et al, 2012). In
contrast to the former, the latter was not accompanied by the
exposure of the ER chaperon ERpS57, and did not require
elF2o phosphorylation (as shown with non-phosphorylatable
elF2o0 mutants), caspase-8 activity (as shown with the pan-
caspase blocker Z-VAD.fmk, upon overexpression of the viral
caspase inhibitor CrmA and following the RNAi-mediated
depletion of caspase-8), and increased cytosolic Ca®>" con-
centrations (as proven with cytosolic Ca?*t chelators and
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Figure 1 Molecular mechanisms of immunogenic cell death (ICD). At least three processes underlie the immunogenicity of cell death: the pre-
apoptotic exposure of calreticulin (CRT) at the cell surface, the secretion of ATP, and the post-apoptotic release of HMGBL1. ICD can be triggered
by multiple stimuli, including photodynamic therapy, anthracycline-based chemotherapy, and some types of radiotherapy. The signalling
pathways elicited by distinct ICD inducers overlap, but are not identical. In red are indicated molecules and processes that—according to
current knowledge—may be required for CRT exposure and ATP secretion in response to most, if not all, ICD inducers. The molecular
determinants of the immunogenic release of HMGB1 remain poorly understood. ER, endoplasmic reticulum; P-elF2a, phosphorylated elF2o;

PI3K, class I phosphoinositide-3-kinase; ROS, reactive oxygen species.

overexpression of the ER Ca?* pump SERCA). Moreover,
Hyp-PDT induced the translocation of CRT at the cell
surface irrespective of retrograde transport (as demonstrated
with the microtubular poison nocodazole) and lipid rafts
(as demonstrated with the cholesterol-depleting agent
methyl-B-cyclodextrine). Of note, ATP secretion in response
to Hyp-PDT depended on the ER-to-Golgi anterograde
transport, PI3K and PERK activity (presumably due to their
role in the regulation of secretory pathways), but did not
require BAX and BAK (Garg et al, 2012). Since PERK can
stimulate autophagy in the context of ER stress (Kroemer
et al, 2010), it is tempting to speculate that autophagy is
involved in Hyp-PDT-elicited ATP secretion, as this appears to
be to the case during anthracycline-induced ICD (Michaud
et al, 2011).
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Altogether, the intriguing report by Garg et al (2012)
demonstrates that the stress signalling pathways leading to
ICD depend—at least in part—on the initiating stimulus
(Figure 1). Speculatively, this points to the coexistence of a
‘core’ ICD signalling pathway (which would be common to
several, if not all, ICD inducers) with ‘private’ molecular
cascades (which would be activated in a stimulus-dependent
fashion). Irrespective of these details, the work by Garg et al
(2012) further underscores the importance of anticancer
immune responses elicited by established and experimental
therapies.
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