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Introduction

Anticancer chemotherapies do not only act on tumor cells 
to induce growth arrest (cytostasis) and death (cytotoxicity) to 
mediate their therapeutic effects. A significant portion of their 
efficacy involves the elicitation of anticancer immune responses 
that appear particularly important for extending the lifespan of 
patients and for mediating long-term effects on tumor growth. 
Thus, successful chemotherapeutics initiate, or reinstate efficient 
immunosurveillance mechanisms, thereby allowing the host’s 
immune system to eliminate cancer cells or at least attenuate 
their proliferation.1-3

There are multiple pathways through which antineoplastic 
agents can stimulate anticancer immune responses.4,5 On one 
hand, chemotherapeutics can act on immune cells by stimulat-
ing effector mechanisms, for instance by activating dendritic 
cells (DCs) and cytotoxic T lymphocytes (CTLs). Alternatively, 
such immunomodulatory moieties could act by repressing or 
depleting inhibitory elements, such as myeloid-derived suppres-
sor cells (MDSCs) and regulatory T cells (T

regs
). On the other 

hand, cytotoxic anticancer agents may kill tumor cells in a way 
that their death is preceded and accompanied by “danger” signals 
that induce the local recruitment and subsequent activation of 
innate and acquired immune effectors, hence favoring a cellular 
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Cis-diamminedichloridoplatinum(II) (CDDP), commonly referred to as cisplatin, is a chemotherapeutic drug used for 
the treatment of a wide range of solid cancers. CDDP is a relatively poor inducer of immunogenic cell death (ICD), a cell 
death modality that converts dying cells into a tumor vaccine, stimulating an immune response against residual cancer 
cells that permits long-lasting immunity and a corresponding reduction in tumor growth. The incapacity of CDDP to 
trigger ICD is at least partially due to its failure to stimulate the premortem endoplasmic reticulum (ER)-stress response 
required for the externalization of the “eat-me” signal calreticulin (CRT) on the surface of dying cancer cells. Here, we 
developed a murine cancer cell line genetically modified to express the ER resident protein reticulon-1c (Rtn-1c) by virtue 
of tetracycline induction and showed that enforced Rtn-1c expression combined with CDDP treatment promoted CRT 
externalization to the surface of cancer cells. In contrast to single agent treatments, the tetracycline-mediated Rtn-1c 
induction combined with CDDP chemotherapy stimulated ICD as measured by the capacity of dying tumor cells, inocu-
lated into syngenic immunocompetent mice, to mount an immune response to tumor re-challenge 1 week later. More 
importantly, established tumors, forced to constitutively express Rtn-1c in vivo by continuous treatment with tetracy-
cline, became responsive to CDDP and exhibited a corresponding reduction in the rate of tumor growth. The combined 
therapeutic effects of Rtn-1c induction with CDDP treatment was only detected in the context of an intact immune sys-
tem and not in nu/nu mice lacking thymus-dependent T lymphocytes. Altogether, these results indicate that the artificial 
or “synthetic” induction of immunogenic cell death by genetic manipulation of the ER-stress response can improve the 
efficacy of chemotherapy with CDDP by stimulating anticancer immunity.
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immune response against tumor-associated antigens.6,7 Distinct 
from physiological apoptosis that fails to elicit inflammatory and 
immune reactions, “immunogenic cell death” (ICD) is presaged 

by multiple stress response-associated cellular 
and molecular changes. As an example, ICD 
is preceded by autophagy, which then allows 
the tumor cells to liberate significant amounts 
of ATP as they succumb to caspase-dependent 
apoptosis.8-12 Cancer cell-derived extracellular 
ATP subsequently acts as a potent chemoat-
tractant for myeloid cells, including the pre-
cursors of inflammatory DCs that then act 
as antigen-presenting cells (APCs) within 
the tumor bed.13,14 Moreover, ICD follows 
endoplasmic reticulum (ER)-stress responses. 
One particular arm of the ER-stress response, 
that involves the phosphorylation of eukary-
otic initiation factor 2α (eIF2α), stimulates 
a complex molecular cascade that culmi-
nates in the translocation of the most abun-
dant ER-resident soluble protein, calreticulin 
(CRT), to the cell surface.15-19 Once it has 
been exposed at the cell surface, CRT acts 
as an “eat-me” signal for phagocytes,20,21 and 
hence favors the transfer of tumor antigens 
into antigen-presenting DCs.13,17

Extensive screening programs for the 
identification of ICD inducers have been 
launched. However, to date only a lim-
ited number of anticancer agents have been 
found to possess ICD provoking potential. 
Thus, anthracyclines,17,22 oxaliplatin,19,23 his-
tone deacetylase inhibitors (such as vorino-
stat),24,25 taxanes,26,27 zinc,28 irradiation,17,29-31 
and photodynamic therapy15,32 were found 
to potently induce ICD. In contrast, many 
other anticancer agents are comparably 
inefficient ICD inducers, including cis-
diamminedichloridoplatinum(II) (CDDP 
also known in the clinic as “cisplatin”) which 
is widely used for the treatment of testicular, 
germinal, bronchial, gastrointestinal, and 
triple-negative breast cancers.17,22 CDDP is an 
agent that, in spite of its cytotoxic and pro-
apoptotic effects, induces rather low ER-stress 
responses and hence, fails to stimulate CRT 
exposure.23,33-36 Pharmacological induction of 
ER stress combined with CDDP could restore 
CRT externalization on cancer cells and ren-
der CDDP an efficient ICD inducer.17,35

Based on these premises, we explored the 
possibility of specifically restoring the failing 
ER-stress response in vivo, in the context of 
CDDP-mediated chemotherapy. To this end, 
we established a synthetic system for induc-
ing ER stress, namely by the tetracycline 

(TET)-inducible expression of an ER-restricted protein, reticu-
lon-1, splice variant 1c (Rtn-1c),37,38 in murine cancer cells. In 
a panel of human cancer cell lines, we have previously shown 

Figure 1. Establishment and characterization of an MCA205 cell line expressing tetracycline-
inducible Rtn-1c. (A) Vectors used to stably transduce murine fibrosarcoma MCA205 cells 
to generate tetracycline (TET)-inducible iRTN-1c MCA 205 cells. (B) Western-blot analysis 
of the expression of reticulon-1 (Rtn-1C) in control conditions (CT) or upon TET treatment 
for 12 or 24  h. β-actin was used as loading control. A representative experiment is shown. 
(C–F) Immunogenic cell death markers of iRTN-1c MCA 205 cells analyzed in response to 0.3 
µM TET, 150 µM cisplatin (CDDP), CDDP + TET, 1 µM MTX, or no treatment. (C) Extracellular 
ATP as measured by luciferin-luciferase assay, (D) Immunofluorescence staining of calreticulin 
(CRT) exposure to the surface, (E) Hmgb1 release from cells as detected by ELISA. (F) Apoptosis 
assayed by Annexin V detection of externalized phosphatidylserine and secondary necrosis as 
detected by staining with the vital dye propidium iodide. MTX treatment was used as a positive 
control. Tetracycline treated samples were compared with their untreated counterpart. Results 
are reported means ± SEM of triplicates. *P < 0.05, **P < 0.01 (unpaired Student’s t test).
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that CDDP alone fails to induce CRT exposure, correlating with 
its inability to induce ER stress.23,33-36 However, when combined 
with a tetracycline-inducible system of Rtn-1c expression in mice, 
CDDP was capable of inducing CRT externalization,37,38 signify-
ing that induction of the missing ER-stress response compensated 
for the deficient induction of this hallmark of immunogenic-
ity. Herein, we show that the synthetic induction of ER stress 
in tumor-bearing immunocompetent mice that express Rtn-1C 
upon treatment with TET can improve the efficacy of CDDP-
based chemotherapy in vivo.

Results and Discussion

An inducible system that promotes CRT surface exposure 
on fibroblasts in response to Rtn-1 expression and CDDP treat-
ment in vitro

MCA205, a C57BL/6 mouse-derived fibrosarcoma cell 
line that has been extensively used for the characterization of 
ICD,17,22,29,39 was engineered to express a tetracycline-inducible 
(Tet-On) reticulon-1c (Rtn-1c) transgene (Fig. 1A). The resulting 
iRTN-1c MCA205 cells were able to express significant amounts 
of immunoblot-detectable Rtn-1c protein after 24  h of treat-
ment with TET (Fig. 1B). TET-induced expression of Rtn-1c for 
48 h alone failed to elicit any of the hallmarks of ICD, such as 
ATP release, (Fig. 1C), CRT surface exposure (Fig. 1D), release 
of high-mobility group box-1 (HMGB1) (Fig.  1E), or apopto-
sis and associated secondary necrosis (Fig.  1F). Moreover, the 
TET-mediated induction of Rtn-1c in iRTN-1c MCA205 cells 
co-stimulated by simultaneous addition of CDDP did not alter 
cell death (Fig. 1F), or the release of ATP (Fig. 1C) or HMGB1 
(Fig.  1E). In contrast, the combination of TET and CDDP 
induced higher CRT exposure than either of the 2 compounds 
alone. In fact, the addition of TET plus CDDP-induced trans-
location of CRT to the plasma membrane surface with equal 

efficiency as that observed after exposure of cells to the positive 
control, the quintessential ICD inducer mitoxantrone (MTX; 
Fig. 1D). We refer to this genetic manipulation facilitating CRT 
exposure as a “synthetic” procedure.

Synthetic induction of ER stress by Rtn-1c facilitates the 
induction of ICD, as measured in vaccination assays

The aforementioned results recapitulate prior experimental 
evidence obtained in human cell lines showing that RTN-1c 
can stimulate CRT exposure in cells responding to CDDP.38 
However, our synthetic mouse model has a technical advan-
tage over prior experiments in human cells in that iRTN-1c 
MCA205 cells can be used in immunological experiments per-
formed in histocompatible, immunocompetent C57BL/6 mice in 
vivo.17,22,29,39 In a first round of experiments, we determined the 
capacity of TET-inducible Rtn-1c to elicit the immunogenicity 
of cancer cell death mediated by CDDP, an agent that alone is 
unable to induce ICD due to its intrinsic incapacity to stimulate a 
relevant ER-stress response.23,35 For this, iRTN-1c MCA205 cells 
were pre-incubated with TET to upregulate Rtn-1c (vs. untreated 
controls) and then subjected to subsequent CDDP treatment in 
vitro. The CDDP-killed cells were then washed and injected sub-
cutaneously into the left flank of C57Bl/6 mice. One week later, 
the animals were rechallenged with live, untreated MCA205 
cells, and the incidence of tumor development was monitored. 
While CDDP-only treated cells were relatively poor anticancer 
vaccines, TET (i.e., Rtn-1c overexpressing) plus CDDP-treated 
iRTN-1c MCA205 cells effectively protected most of the mice 
against rechallenge with live tumor cells. This protective effect 
was as high as that observed for the MTX-treated iRTN-1c 
MCA205 positive control cells (Fig. 2A). In a subsequent round 
of experiments, we confirmed that pre-treatment with TET also 
greatly improved the immunogenicity of cells treated with mito-
mycin C. In line with previous reports, mitomycin C alone was a 
poor inducer of ICD,17,22 whereas cells that had been treated with 
TET prior to mitomycin C exposure induced a potent anticancer 

Figure 2. Rtn-1c expression triggers immunogenicity of cell death mediated by CDDP or mitomycin C. (A and B) iRTN-1c MCA205 cells were treated 
with a single agent or combined with the tetracycline (TET)-induced expression of reticulon-1c (Rtn-1c) and assayed as anticancer vaccines by tumor re-
challenge. iRTN-1c MCA205 cells were treated with 150 µM cisplatin (CDDP) or CDDP+ 0.3µM TET (A) or 200 µM mitomycin C (MITOC) or MITOC+ 0.3µM 
TET (B). 3 x 105 of these dying iRTN-1c MCA205 cells were inoculated s.c. into the left flank of C57BL/6 mice. PBS was injected as a negative control, and 
mitoxantrone (MTX) treated cells were used as a positive control. One week later, mice were re-challenged with 3 x 104 living MCA205 cells injected s.c. 
in the contralateral flank, and the absence of tumor growth was scored 60 d later as an indication of an anticancer immune response. The total number 
of mice for each experiment is indicated (n = 10–15/group) and was obtained by adding independent experiments. Differences between TET-treated 
groups and their untreated counterparts were analyzed using χ2 test (*P < 0.05).
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immune response (Fig.  2B). Altogether, these results indicate 
that TET-induced Rtn-1c expression can cause cells to undergo 
ICD, even in response to agents like CDDP and mitomycin C 
that are innately poor ICD initiators when used alone.

Synthetic induction of ER stress induced by Rtn-1c improves 
cisplatin/ chemotherapy in vivo

CDDP-based chemotherapy of MCA205 cells is inefficient 
unless CDDP is combined with agents capable of inducing ER 
stress.40 Accordingly, we observed that the rate of tumor growth 
of either parental MCA205 cells or iRTN-1c MCA205 cul-
tured in the absence of TET (i.e., without exogenous Rtn-1c) 
was not inhibited by systemic administration of CDDP (Fig. 3A 
and C). Similar results were achieved with TET-treated paren-
tal MCA205 cells, such that both PBS- and CDDP-exposed 
cells gave rise to tumors with similar growth rates (Fig.  3B). 
However, when the mice bearing iRTN-1c MCA205 tumor 
received continuous treatment with TET in the drinking water, 
and when TET was injected concomitantly with the treatment, 
such tumors did respond to CDDP chemotherapy by reducing 
their growth rate (Fig.  3D). This TET effect was “on-target” 
(i.e., dictated by the expression of the Rtn-1c transgene) because 
parental MCA205 cells did not respond to a similar combination 
regimen of TET + CDDP (Fig.  3B). Moreover, the combina-
tion of TET and CDDP failed to reduce the growth of iRTN-1c 

MCA205 cancers in immunodeficient nu/nu mice lacking thy-
mus-dependent T lymphocytes evincing the requirement for 
an intact immune system in the implementation of the Rtn-1c-
mediated protective effect (Fig. 4). Taken together, these results 
support the notion that synthetic induction of ER-stress response 
via Rtn-1c can stimulate anticancer immunity that significantly 
increases the efficacy of cisplatin/CDDP-based chemotherapy.

Materials and Methods

Chemical, cell lines, and culture conditions
Unless otherwise indicated, media, antibiotics, and supple-

ments for cell culture were purchased from Gibco-Invitrogen, 
chemicals were obtained from Sigma–Aldrich, and plastic ware 
from Corning B.V. Life Sciences. Blasticidin and zeocin were 
obtained from Invivogen.

Murine fibrosarcoma MCA205 cells (Class I MHC haplo-
type H-2b, syngenic for C57BL/6 mice) cells were cultured in 
RPMI 1640 medium. iRTN-1c MCA cells were generated by 
transducing MCA205 cells with plasmids from the T-Rex system 
(Invitrogen). Briefly, Rtn-1, splice variant c (Rtn-1c) cDNA was 
inserted into the pcDNA4/TO vector, then co-transfected into 
MCA205 cells with the pcDNA6/TR plasmid expressing the 

Figure  3. Tumor growth modulation by CDDP and tetracycline treatment in parental and iRTN-1c MCA205 tumors. (A–D) Tetracycline (TET) medi-
ated reticulon-1c (Rtn-1c) expression combined with cisplatin/CDDP chemotherapy effects the growth rate of established tumors. 2 × 105 parental 
MCA205 (A and B) or iRTN-1c MCA205 cells (C and D) were injected s.c. into the flank of C57Bl/6 mice. Once palpable, tumors were treated by a single 
i.p. injection of 0.25 mg/kg CDDP or vehicle (PBS) (day 0) and tumor growth was monitored with a caliper for 25 d. Normal water (A and C) or 100 µM 
dose TET (B and D) were added in bibber waters for the duration, starting 7 d prior to the cell injection. Moreover, PBS (A and C) or 0.3 µM tetracycline 
(B and D) were injected intratumorally on day 0. Experiments were done on groups of n = 5 mice and repeated at least twice. Results are reported as 
means ± SEM *P < 0.05 (unpaired Student’s t test).
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TET repressor. MCA cells were fur-
ther selected by blasticidin and zeo-
cin for 1 week, and then cloned. All 
media were supplemented with 10% 
heat-inactivated fetal bovine serum 
(FBS), 10  mM HEPES, 10  U/mL 
penicillin sodium and 10 μg/mL 
streptomycin sulfate.

Immunoblotting
For immunoblotting, approxi-

mately 1 × 106 iRTN-1c MCA cells 
that had been incubated (or not, as 
control) with 0.3 µM tetracycline 
for 12–24 h, were washed with cold 
PBS, and lysed following standard 
procedures. Forty µg of proteins were 
separated according to molecular 
weight on NuPAGE® Novex® Bis-
Tris 4–12% pre-cast gels (Invitrogen) 
and then electrotransferred to nitro-
cellulose membranes (Bio-Rad). 
Unspecific binding sites were blocked 
by incubating the membranes for 1 h in 0.05% Tween 20 (v/v 
in TBS) and supplemented with 5% bovine serum albumin, fol-
lowed by overnight incubation at 4 °C with primary antibodies 
specific for β-actin (MAB1501) or reticulon-1c (sc-71982, Santa 
Cruz Biotechnology). Primary antibodies were detected with the 
appropriate horseradish peroxidase-labeled secondary antibodies 
(Southern Biotechnologies Associates) and were revealed with the 
ECL Plus Western Blotting Detection System (GE Healthcare). 
The abundance of β-actin was monitored to ensure equal lane 
loading.

Cell death assays
iRTN-1c MCA205 cells were treated (or not, as control) with 

1 µM MTX, 150 µM CDDP, 0.3 µM TET, or CDDP+TET, for 
18 h followed by the cytofluorometric assessment of propidium 
iodide uptake (PI) and phosphatidylserine (PS) externalization. 
Briefly, cells were washed twice with PBS and resuspended in 1X 
binding buffer supplemented with FITC-conjugated AnnexinV 
(BD Biosciences) and 0.5 μg/mL PI, following the manufacturer’s 
instructions. Cytofluorometric determinations were performed 
using a FACSCalibur cytofluorometer (Becton Dickinson) 
equipped with a 70 µm nozzle. First line statistical analysis of 
cytofluorometric results was performed using CellQuest™ soft-
ware (BD Biosciences) by gating on the events characterized by 
normal forward scatter and side scatter parameters.

Determination of cell surface-exposed CRT by flow 
cytometry

iRTN-1c MCA205 cells were treated (or not) by 1 µM MTX, 
150 µM CDDP, 0.3 µM TET, or CDDP+TET, for 24 h, prior to 
cell harvest and subsequent wash with ice cold PBS. After 30 min 
incubation with an anti-CRT antibody (Abcam) in cold blocking 
buffer (5% FBS, v/v in PBS) on ice, cells were further washed and 
incubated with AlexaFluor®488-conjugated secondary antibody 
(Life Technologies) in blocking buffer (for 30 min). Cells were 
finally washed and maintained in cold PBS with 1 μg/mL PI and 

samples were analyzed by means of a FACS Calibur cytofluo-
rometer (BD Biosciences). Isotype-matched IgG antibodies (Cell 
Signaling Technology) were used a negative staining control, and 
the analysis was performed exclusively on non-permeabilized 
(PI-) cells. Data were statistically evaluated by means of the Cell 
Quest Software package (BD Biosciences).

ATP release assays
iRTN-1c MCA205 cells were treated (or not) by 1 µM MTX, 

150 µM CDDP, 0.3 µM TET, or CDDP+TET for 24 h, then 
extracellular ATP levels were measured by the luciferin-based 
ENLITEN® ATP Assay (Promega), in excess of luciferin and 
luciferase, as indicated by the manufacturer. ATP-driven che-
moluminescence was recorded on a Fluostar Multiwell Plate 
Luminometer (BMG Labtech).

Detection of HMGB1 release
2.5 × 105 iRTN-1c MCA205 cells were seeded in 6-well plate, 

permitted to adhere overnight and then treated (or not) with 1 
µM MTX, 150 µM CDDP, 0.3 µM TET, or CDDP+TET for 
48  h. Supernatants were collected and cleared of dying tumor 
cells by centrifugation (800 g, 5 min), then frozen at -80 °C or 
immediately analyzed for HMGB1 abundance. HMGB1 quan-
tification was performed by an enzyme-linked immunosorbent 
assay (ELISA) kit (HMBG1 ELISA kit II, Gentaur Europe), 
according to the manufacturer’s instructions.

Animal experimentations
Animals were maintained in specific pathogen-free condi-

tions, and experiments followed the Federation of European 
Laboratory Animal Science Association (FELASA) guidelines. 
Animal experiments were approved by the local Ethics Committee 
(CEEA IRCIV / IGR n°26, registered with the French Ministry 
of Research) and were in compliance with EU 63/2010 direc-
tive. Animals were used between 6 and 20 wk of age and those 
bearing tumors exceeding 20–25% body mass were euthanized. 

Figure  4. CDDP and tetracycline fail to reduce tumor growth in immunodeficient hosts. (A and B) 
Tetracycline (TET) mediated reticulon-1c (Rtn-1c) expression combined with cisplatin/CDDP chemo-
therapy is ineffective against established tumors in athymic nu/nu mice. 2 x 105 iRTN-1c MCA205 cells 
were injected s.c. into the flank of athymic nu/nu mice. Once palpable, tumors were treated by a single 
i.p. injection of 0.25 mg/kg cisplatin (CDDP) or vehicle (PBS) (day 0) and tumor growth was monitored 
with a caliper for 25 d. Normal water (A) or 100 µM dose TET-enriched water (B) were added in bibber 
bottles for the duration of the experiment, starting 7 d prior to the injection. Moreover, PBS (A) or 0.3 µM 
tetracycline (B) were injected intratumorally on day 0. Experiments were done on n = 5 mice per group 
and repeated at least twice. Results are reported as means ± SEM *P < 0.05 (unpaired Student’s t test).
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C57BL/6 (H-2b) mice were obtained from Harlan, and athymic 
nu/nu mice were obtained from IGR local breeding.

Antitumor vaccination experiments
MCA205 or iRTN-1c MCA205 cells were incubated with 

150 µM cisplatin or 200 µM mitomycin C for 24 h, alone or in 
combination with 0.3 µM tetracycline, and then subcutaneously 
inoculated (3 × 105 in 200 μL PBS, pH 7.4) into the lower flank 
of 6-wk-old C57BL/6 female mice. Seven days later, 3 × 104 
untreated MCA205 cells were inoculated into the contralateral 
flank. Mice were then monitored for the appearance of tumors 
for 60 d.

Chemotherapy of established tumors in mice
C57BL/6 mice or athymic nu/nu mice were inoculated with 

2 × 105 SCR  MCA205 or iRTN-1c MCA205 cells. When tumor 
size reached 40–80 mm2, mice were assigned into homogenous 
groups (5 mice per group) and then treated intratumorally with 
0.25 mg/kg CDDP (in 100 μL sterile water), alone or in com-
bination with tetracycline (one 0.3 µM intratumoral dose (in 
100 μL PBS pH 7.4) preceded by 100 µM dose added in Bibber 
water bottles 7 d prior to cell injection. The tumor surface was 
then monitored with a common caliper every 2/3 d for up to 
25 d.

Statistical analyses
Data were compared by the χ2, or Student’s t tests, as appro-

priate. All P values were 2 tailed. P values < 0.05 were considered 
as statistically significant for all experiments. GraphPadPrism 
version 5 and Microsoft Excel 2007 software were used in data 
analyses.

Concluding Remarks

The efficacy of anticancer chemotherapeutics greatly 
depends on their capacity to stimulate anticancer immune 
responses.2,14,28,41-43 One particular pathway allowing for the elici-
tation of immunotherapeutic activity against neoplastic lesions is 
via the induction of immunogenic cell death.7 In this scenario, 
a selected panel of chemotherapeutic agents (such as anthra-
cylines, including MTX) induces particular cellular stress and 
death pathways stimulating dying cancer cells to emit signals that 
activate pattern recognition receptors in innate immune effec-
tors, thereby converting the tumor into a therapeutic vaccine. It 
appears that one particularly important limiting factor for the 
induction of ICD centers upon the induction of an ER-stress 
response culminating in the translocation of the ER chaperone 
CRT to the cell surface. Chemotherapeutic agents such as CDDP 
that fail to induce an ER-stress response17,23 are unable to induce 
ICD unless they are combined with pharmacological ER-stress 

inducers. These include inhibitors of the protein phosphatase 1 
(PP1)/GADD34 complex, e.g., tautomycin, calyculin A, salubri-
nal, or peptide antagonists,16,17 inhibitors of the sarco/endoplas-
mic reticulum Ca2+-ATPase (SERCA), e.g., thapsigargin,35 or 
inhibitors of the Na+/K+-ATPase, e.g., cardiac glycosides.40 Here, 
we show that a precise genetic manipulation to induce ER stress, 
namely the TET-inducible expression of Rtn-1c, was capable of 
improving the chemotherapeutic efficacy of CDDP treatment in 
mice by enhancing anticancer immune responses mediated by 
thymus-dependent T lymphocytes. In contrast to the addition 
of chemical ER-stress inducers (such as inhibitors of the protein 
phosphatase 1/GADD34 complex, SERCA, or Na+/K+-ATPase), 
all of which may have a significant level of off-target effects, the 
expression of Rtn-1c can be expected to yield a relatively specific, 
on-target ER-stress response,38 likely through an increase in the 
Ca2+ influx into the ER.37 Hence, the outcome of our studies 
using the TET-inducible system to drive Rtn-1c mediated CRT 
surface exposure supports the conclusion that artificial enforce-
ment of ER stress has a major therapeutic impact on the dialog 
between dying tumor cells and the immune system.

At present, the precise molecular mechanisms by which 
Rtn-1c overexpression combined with CDDP induces CRT 
exposure (relative to either agent alone that fails to do so) remains 
a conundrum. CDDP induces a major degree of redox stress,33 
which may be an important contributing factor in the induction 
of CRT surface exposure.19 Furthermore, it is possible that the 
resultant changes in reactive oxygen species and altered luminal 
ER ion homeostasis37 facilitate the synergistic interaction between 
CCDP and Rtn-1c. Elucidating a more detailed molecular com-
prehension of these mechanisms may open avenues for the design 
of pharmacological ICD inducers.
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