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Calreticulin (CALR, also known as CRT) is a chaperone of the
endoplasmic reticulum (ER) involved in the maintenance of
reticular homeostasis and the presentation of MHC class I anti-
gens."” In addition, CRT is actively translocated to the outer
leaflet of the plasma membrane by cancer cells that die in
response to some (but not all) stimuli, including specific che-
motherapeutics (e.g., doxorubicin, mitoxantrone, oxaliplatin,
bortezomib), hypericin-based photodynamic therapy and ion-
izing irradiation.”” In all these settings, CRT exposure on the
cell surface is required for dying cells to elicit an adaptive
immune response specific for dead cell-associated antigens and
associated with the development of immunological memory.®
Thus, wild-type murine cancer cells undergoing such an immu-
nogenic variant of cellular demise - which is commonly known
as “immunogenic cell death” (ICD) - can be used to efficiently
vaccinate syngeneic immunocompetent mice against a subse-
quent challenge with live cells of the same type.7 Conversely,
murine cancer cells that have been depleted of CRT by specific
small-interfering RNAs and killed with ICD inducers are
unable to elicit protective immunity upon inoculation into syn-
geneic immunocompetent hosts, a defect that can be corrected
by the adsorption of recombinant CRT to the surface of dying
cells.® In line with this notion, spontaneous or therapy-driven
CRT exposure by malignant cells has been linked with
improved disease outcome in cohorts of acute myeloid leuke-
mia (AML) and non-small cell lung carcinoma (NSCLC)
patients.”" Of note, the immunostimulatory activity of CRT
exposed on dying cancer cells has largely been attributed to its
ability to operate as an “eat-me” signal,'* hence favoring the
uptake of cell corpses by phagocytes expressing LDL receptor-
related protein 1 (LRP1; also known as CD91).'>'* Until now,
however, CRT exposure has been mostly studied in the context
of ICD, which is associated with secretion of several other dan-
ger signals, including ATP, high-mobility group box 1
(HMGB1), annexin Al (ANXAL1), and type I interferon (IFN).6
To eliminate these potential confounders from the analysis,
Chen and colleagues generated murine AML cells stably
expressing CRT on the outer leaflet of the plasma membrane
and compared them with WT cells for immunostimulatory and

pathogenic potential in vivo."”” Unsuspectedly, the capacity of
CRT-exposing AML cells to initiate a protective anticancer
immune response did not correlate with increased phagocytosis
but was linked to type I IFN signaling."” These data highlight
an interesting and unforeseen connection between CRT expo-
sure in the absence of cell death and type I IFN signaling.

Chen and colleagues took advantage of four murine AML
models: (1) WT C1498 cells; (2) C1498 cells engineered to con-
stitutively expose CRT on their surface as a glycosylphosphati-
dylinisotol (GPI)-anchored protein (C1498.CRT cells), rather
than as a fusion with a transmembrane domain (as previously
done)'®; (3) C1498 cells expressing the KP-restricted SIY model
antigen (C1498.SIY cells); and (4) C1498 cells co-expressing
SIY and membrane-exposed CRT (CI1498.SIY.CRT cells).
Despite similar rates of proliferation and comparable ability to
activate murine SIY-specific CD8" 2C T cells in vitro (indicat-
ing no impairment in MHC class I presentation), C1498.CRT
or C1498.SIY.CRT cells were less efficient than their control
counterparts at generating highly progressive tumors upon sub-
cutaneous or intravenous inoculation into immunocompetent
WT C57BL/6 mice. Such a difference was abrogated in Rag2™/~
mice (which are deficient in adaptive immunity), in
Terb™MomTerd™IMom mice (which lack af and y8 T cells) or
in mice receiving CD4%- and CD8"-depleting antibodies.
Importantly, mice that failed to develop tumors upon inocula-
tion of C1498.CRT or C1498.SIY.CRT cells (70% and 90%,
respectively) were fully protected upon a subsequent challenge
with C1498 or C1498.SIY cells, respectively, suggesting that the
constitutive exposure of CRT at the plasma membrane is suffi-
cient to generate protective immunity against AML cells in
most mice. In line with this notion, mice receiving intrave-
nously C1498.SIY.CRT cells developed increased amounts of
functionally superior SIY-specific CD8" cytotoxic T lympho-
cytes in the spleen as compared with mice inoculated with
C1498.8IY cells. Moreover, twice the amount of adoptively
transferred SIY-specific CD8" 2C T cells accumulated in mice
bearing C1498.SIY.CRT cells than in mice receiving C1498.SIY
cells, and such 2C cells had an improved secretory and lytic
capacity.'?
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Figure 1. Danger signaling in dying and living cancer cells. Danger signaling in dying cells relies on exposure of calreticulin (CRT) on the outer leaflet of the plasma mem-
brane, secretion of ATP, release of annexin A1 (ANXA1), synthesis of type | interferon (IFN), liberation of high mobility group box 1 (HMGB1), coupled with a robust cyto-
toxic response. Live cells appear to engage danger signaling as a consequence of CRT surface exposure resulting in type | IFN responses. It remains to be elucidated
whether ATP secretion, ANXA1 production, HMGB1 release and/or some extent of cell death are also involved in this process.

Of note, virtually none of splenic CD11b* cells (includ-
ing macrophages) took up fluorescently labeled C1498 or
C1498.CRT cells upon intravenous administration. Con-
versely, a small population of CD11c" cells (including den-
dritic cells and their precursors) stained positively for
C1498 cell uptake in the same setting. However, this was
only marginally improved when C1498.CRT cells were used,
which could not explain the large differences in tumor pro-
gression and survival observed in previous experiments.
Moreover, the intravenous inoculation of C1498.CRT cells
did not promote superior dendritic cell activation as com-
pared with the administration of C1498 cells, at least in
terms of MHC class I and II levels on the cell surface,
expression of co-stimulatory molecules, interleukin-12
(IL-12) production, and SIY-specific CD8" 2C T-cell prim-
ing ex vivo."” Nonetheless, CD8a" dendritic cells were
required for the immunostimulatory effects of CRT expo-
sure, as demonstrated upon the diphtheria toxin-mediated
removal of all dendritic cells in mice expressing the diph-
theria toxin receptor under the CD11c promoter, as well as
in Batf3~'~ mice."”

Of note, a 2-fold increase in interferon, g (Ifnb) mRNA lev-
els was detected in the spleen of mice 24 h upon intravenous
inoculation of C1498.SIY.CRT versus C1498.SIY cells, an effect
mainly attributed to CD11b", rather than CD1l1c™, cells.
Importantly, type I IEN signaling appeared to be critical for the
immunostimulatory effects of constitutively exposed CRT as
the survival advantage associated with the inoculation of
C1498.SIY.CRT versus C1498.SIY cells was completely abro-
gated in Ifnarl ™'~ animals."”

Altogether, the findings by Chen and colleagues unveiled
an unforeseen link between CRT exposure on living cells
and pathologically relevant type I IFN signaling, at least in
the setting of AML. However, several questions remain to
be addressed. First, which are the molecular mechanisms
linking CRT signaling to Ifnb upregulation in CD11b™ cells?
Second, which cell population(s) are the actual target for
type I IEN signaling in this setting? Third, do other danger
signals involved in ICD participate in the elicitation of anti-
tumor immune response to live cancer cells constitutively
exposing CRT? Fourth, is some extent of cell death sponta-
neously occurring in vivo involved in this process, implying
that danger signaling from living cells is intimately con-
nected with ICD (Fig. 1)? Answering these questions will

provide additional insights into the unsuspected capacity of
surface-exposed CRT to initiate type I IFN-dependent anti-
cancer immunity in vivo.
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