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ABSTRACT
Ever accumulating evidence indicates that the long-term effects of radiotherapy 

and chemotherapy largely depend on the induction (or restoration) of an anticancer 
immune response. Here, we investigated this paradigm in the context of esophageal 
carcinomas treated by neo-adjuvant radiochemotherapy, in a cohort encompassing 
196 patients. We found that the density of the FOXP3+ regulatory T cell (Treg) infiltrate 
present in the residual tumor (or its scar) correlated with the pathological response 
(the less Tregs the more pronounced was the histological response) and predicted 
cancer-specific survival. In contrast, there was no significant clinical impact of the 
frequency of CD8+ cytotoxic T cells. At difference with breast or colorectal cancer, a 
loss-of-function allele of toll like receptor 4 (TLR4) improved cancer-specific survival 
of patients with esophageal cancer. While a loss-of-function allele of purinergic 
receptor P2X, ligand-gated ion channel, 7 (P2RX7) failed to affect cancer-specific 
survival, its presence did correlate with an increase in Treg infiltration. Altogether, 
these results corroborate the notion that the immunosurveillance seals the fate of 
patients with esophageal carcinomas treated with conventional radiochemotherapy.
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INTRODUCTION

There is growing awareness of the fact that cancer 
is not just a cell-autonomous disease determined by 
accumulating (epi)genetic aberrations in transforming 
and neoplastic cells. Rather, cancer is also a systemic 
disease in thus far that it only occurs upon failure of the 
immunosurveillance system [1, 2]. Moreover, in spite 
of the fact that cytotoxic or so-called targeted therapies 
have been conceived as having purely cell-autonomous 
effects, it has become increasingly clear that they only can 
extend patient survival on the long-term if they succeed in 
reinstating immunosurveillance [3-5]. 

The importance of immunosurveillance has been 
particularly well documented for breast cancer, perhaps 
driven by its high frequency, as well as the fact that neo-
adjuvant and adjuvant chemotherapies do have long-term 
effects and significantly extend overall survival of patients 
with this pathology [6, 7]. The efficacy of neo-adjuvant 
chemotherapy of mammary carcinomas is increased by 
pre-existing anticancer immune response, as indicated 
by the presence of CD8+ cytotoxic T lymphocytes 
(CTL) in the tumor bed at diagnosis [6-9]. Moreover, an 
amelioration of the ratio between CD8+ CTL and FOXP3+ 
regulatory T cells (Tregs) after one cycle of anthracycline-
based chemotherapy is able to predict the pathological 
complete response after six cycles of chemotherapy [10, 
11].

Additional immunological relevant factors that 
affect the prognosis of breast cancer patients include loss-
of-function alleles of pattern recognition receptors (such 

as toll like receptor 4 (TLR4) and purinergic receptor P2X, 
ligand-gated ion channel, 7 (P2RX7) [12, 13] and the local 
expression of genes [such as myxovirus (influenza virus) 
resistance 1 (MX1)]) that are tied to the type 1 interferon 
response [14]. While loss-of-function mutations affecting 
TLR4 or P2RX7 have a negative impact on the survival of 
breast cancer patients [12, 13], local expression of MX1 
constitutes a positive prognostic marker [14]. Nonetheless, 
these biomarkers do not have a universal impact on cancer 
patient survival. For example, we found that loss-of-
function alleles of TLR4 and P2RX7 have no significant 
impact on the survival of patients with non-small cell lung 
cancer [15]. 

Driven by these considerations, we decided to 
investigate the influence of immunological parameters 
on the therapeutic response and survival of patients with 
esophageal carcinoma. We demonstrate that the frequency 
of Tregs determined in the surgical specimen after 
radiochemotherapy has a major impact on the pathological 
and clinical response. 

RESULTS AND DISCUSSION

Paradoxical effect of the loss-of-function TLR4 
allele Asp299Gly on esophageal cancer survival

As mentioned in the introduction, loss-of-function 
alleles of TLR4 (rs4986790, Asp299Gly) and P2RX7 
(rs3751143, Glu496Ala) may negatively affect the 

Figure 1: Impact of TLR4 and P2RX7 loss-of-function alleles on cancer-specific survival in esophageal cancer. A. 
Kaplan-Meier of the cancer-specific survival estimated in a cohort of esophageal cancer patients (n = 196) treated with neo-adjuvant 
cisplatin-based radiochemotherapy and bearing TLR4 rs4986780 with  AA (wild type, Asp299) or AG (heterozygous, Asp299Gly) 
genotype. B. Kaplan-Meier of the cancer-specific survival estimated in a cohort of esophageal cancer patients (n = 194) treated with neo-
adjuvant radiochemotherapy and bearing P2RX7 rs3751143 with AA (wild type, Glu496) or AC (heterozygous, Glu496Ala) + CC (mutated 
homozygous, Ala496Ala) genotypes. Statistical significance was determined by likelihood ratio test (LRT). 
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Table 1: Clinical and histopathology characteristics of the 196 esophageal 
cancer patients.

Cohort parameters Variable n (%)
Clinical parameters

Gender
M 177 (90.3)

 F 19 (9.7)
Smokers

No 19 (9.7)
Yes 167 (85.2)

 Missing 10 (5.1)
Alcoholics

No 21 (10.7)
Yes 125 (63.8)

 Missing 50 (25.5)
Denutrition

No 136 (69.4)
Yes 60 (30.6)

Tumor related parameters
T of TNM

T0 64 (32.7)
T1 22 (11.2)
T2 23 (11.7)
T3 63 (32.1)
T4 18 (9.2)

 Missing 6 (3.1)
N of TNM

N0 116 (59.2)
N1 54 (27.6)
N2 20 (10.2)

 N3 6 (3.1)
M of TNM

M0 186 (94.9)
M1 9 (4.6)

 Missing 1 (0.5)
Metastasis localization

No 186 (94.9)
Liver 3 (1.6)
Lung 3 (1.5)

Stomac 3 (1.5)
 Missing 1 (0.5)

Site
Neck 5 (2.6)

Cervical 10 (5.1)
Thoracical 38 (19.4)
Mid Third 105 (53.6)

 Lower Third 38 (19.4)
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therapeutic response of breast cancer patients to adjuvant 
chemotherapy [12, 13]. Moreover, the most common loss-
of-function allele of TLR4 (Asp299Gly) also is a poor 
prognostic feature for colorectal cancer patients treated 
with adjuvant chemotherapy [16]. Given these premises, 
we determined the impact of such loss-of-function alleles 
on the survival of 196 esophageal cancer patients that 
were treated with neo-adjuvant radiochemotherapy (Table 
1, Supplemental Figure 1). To our surprise, we found 
that patients harboring one copy of the mutated allele of 
TLR4 exhibited an improved cancer-specific survival as 
compared to the majority of patients bearing two copies 
of the most frequent, functional TLR4 allele (Figure 1A). 
In contrast, loss-of-function alleles affecting P2RX7 
(Glu496Ala, Figure 1B), the autophagy-relevant gene 
autophagy related 16-like 1 (S. cerevisiae) (ATG16L1, 
rs2241880, Thr300Ala) (Supplemental Figure 2A) and 
the autoimmune disease-related gene protein tyrosine 
phosphatase, non-receptor type 22 (lymphoid) (PTPN22, 
rs2476601, Arg620Trp) (Supplemental Figure 2B) had no 
impact on patients survival. These findings are reminiscent 
of those previously obtained on patients with non-small 
cell lung cancer, in which loss-of-function mutation of 
TLR4 had positive effects while that affecting P2RX7 had 
no impact [15].

Absent (or paradoxical) effects of CD8+ T 
lymphocytes infiltration on patients survival

There is an abundant - and partially contradictory 
- literature on the role of CTL in esophageal cancer. 

Thus, the presence of CD8+ T lymphocytes within 
tumor nodules before treatment has been interpreted as 
having a positive impact on overall survival [17-21]. In 
contrast, according to one study, macrophage infiltration 
was positively associated with CD8+ T lymphocyte 
infiltration, yet negative associated with cancer-specific 
survival in esophageal adenocarcinoma [22]. Here, we 
investigated the rather heterogeneous density of the CD8+ 
T cell infiltrate within the residual tumor (or in the case 
of its complete disappearance within the cicatricial tissue) 
post-radiochemotherapy (Figure 2A). Separation of the 
cohort according to the median (or any other threshold) 
yielded no significant differences between CD8low and 
CD8high tumors with regard to patient survival (Figure 2B, 
2C). However, separation of the cohort into three terciles 
results in a statistical trend (p < 0.0567) suggesting that 
high infiltration by CD8+ T cells might have a negative 
impact on patient survival (Figure 2D). At this stage, 
we ignore whether this absent (or paradoxical) effect of 
the CD8+ T cell infiltrate on patients survival reflects the 
presence of dysfunctional (anergy or exhausted) T cells in 
the tumor bed post-radiochemotherapy. 

Negative impact of FOXP3+ T cells on the survival 
of esophageal cancer patients

There are numerous reports describing an increment 
in the frequency of Tregs among tumor-infiltrating 
lymphocytes in esophageal cancers [23-25] and that 
this increase may have a negative prognostic impact 
[26]. This phenomenon augments with tumor stage [27, 

Histological differentiation
High 108 (55.1)
Mid 36 (18.4)
Low 11 (5.6)

 Missing 41 (20.9)
Response to treatment

Complete response 55 (28.1)
Partial response 102 (52.0)
Stable disease 30 (15.3)

Progressive disease 6 (3.1)
 Missing 3 (1.5)

Mandard classification (TRG)
Grade 1 64 (33) 
Grade 2 23 (12)
Grade 3 33 (17)
Grade 4 56 (28)

 Grade 5 20 (10)

Abbreviations: F, female; M, male; n, number; TNM, Tumor-Node-Mestastais; TRG, 
tumor regression grade.



Oncotarget20844www.impactjournals.com/oncotarget

28] and has a negative impact on overall survival [26]. 
Radiochemotherapy reduces the frequency of Tregs in the 
center of tumor lesions [29], and this decrease correlates 
with the median survival of the patients [30], perhaps 
because of an improvement of immunosurveillance tied 
to Treg depletion. In accord with the published literature, 
we observed heterogeneity of the FOXP3+ Treg infiltrate 
post-radiochemotherapy (Figure 3A), as well as a negative 
correlation between the density of the Treg infiltrate and 
cancer-specific survival (Figure 3B-3D). The frequency 
of FOXP3+ T cells infiltrating the tumor (or its scar) 
post-radiochemotherapy increased with tumor staging 

(Figure 4A) but was not influenced by the number of 
lymph node or distant metastases (Figure 4B, 4C). The 
degree of the histological response to radiochemotherapy, 
as assessed according to tumor regression grade (TRG) 
system [31] (that attributes the lowest number to the 
best response), also exhibited a negative correlation 
with the Treg infiltrate, meaning that tumors showing a 
complete regression (TRG 1) contained less Tregs than 
tumors presenting incomplete (TRG 2-4) or absent (TRG 
5) responses (Figure 4D). In sharp contrast, the CD8+ 
infiltrate did not correlate with any of these clinical 
parameters (Supplemental Figure 3). Smokers and non-

Figure 2: Enumeration of CD8+ infiltrating lymphocytes in esophageal cancer. A. Representative picture of 
immunohistochemical staining of primary paraffin embedded esophageal carcinoma using CD8 specific antibody. Positive cells are stained 
brown. The exact number of CD8+ lymphocytes was evaluated in the tumor site and in the surrounding healthy or cicatricial tissue. B. Plot 
of the log-rank statistics at all possible values of CD8+ lymphocytes infiltration used to establish a cut-off that optimally separate the cohort 
into 2 prognostic groups. p values are simulated by Monte Carlo sampling (B=1999) and approximated log-rank statistics corresponding 
to the p < 0.05, p < 0.01 and p < 0.001 significance thresholds drawn as dotted horizontal lines. C., D. Kaplan-Meier of the cancer-specific 
survival (n = 174) according to the median C. or terciles D. of CD8+ infiltrating lymphocytes at the time of surgery. 
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smokers did not differ in the density of the FOXP3+ 
infiltrate (Figure 5A), while alcoholism apparently 
increased this parameter (Figure 5B). While there was 
no difference in the frequency of tumor-infiltrating Tregs 
among patients with normal or loss-of-function alleles of 
TLR4 (Figure 6A), patients bearing the mutated alleles of 
P2RX7 exhibited an increased Treg infiltration (Figure 
6B). Although this latter parameter does not improve risk 
stratification of esophageal carcinoma patients (Figure 
1B), it may indicate some impact of purinergic receptor 
signaling on Tregs function [32].

Concluding remarks

The present paper adds to a series of reports on the 
relevance of immunosurveillance for the fate of patients 
afflicted by esophageal carcinoma. The preponderant 
vision of the field is that this kind of malignancy is 
subjected to immunosurveillance by CTL. Indeed, there 
is some evidence for CTL-mediated immunoediting, 
meaning that esophageal squamous cell carcinomas tend 
to lose proteins required for the expression of MHC class I 
molecules (such as ß-2 microglobulin, tapasin-1 and HLA 
class I) [33]. However, this phenomenon, which correlated 

Figure 3: Enumeration of FOXP3+ T regulatory infiltrating lymphocytes in esophageal cancer. A. Representative picture 
of immunohistochemical staining of primary paraffin embedded esophageal carcinoma using FOXP3 specific antibody. Positive cells are 
stained brown. The exact number of FOXP3+ lymphocytes was evaluated in the tumor site and in the surrounding healthy or cicatricial 
tissue. B. Plot of the log-rank statistics at all possible values of FOXP3+ lymphocytes infiltration used to establish a cut-off that optimally 
separate the cohort into 2 prognostic groups. p values are simulated by Monte Carlo sampling (B=1999) and approximated log-rank 
statistics corresponding to the p < 0.05, p < 0.01 and p < 0.001 significance thresholds drawn as dotted horizontal lines. C.,D. Kaplan-Meier 
of the cancer specific-survival (n = 195) according to the median C. or terciles D. of FOXP3+ infiltrating lymphocytes at the time of surgery.
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Figure 4: Distribution of FOXP3+ T regulatory infiltrating lymphocytes according to clinical parameters and treatment 
response. Enumeration of FOXP3+ cells according to tumor staging at the time of surgery A., lymph nodes involvement B., presence of 
metastasis C., tumor regression grading (TRG) D.. *** p < 0.001 (one way ANOVA test).

Figure 5: Correlation of FOXP3+ T regulatory infiltrating lymphocytes and comorbidities. FOXP3+ T regulatory 
lymphocytes infiltrating tumor or cicatritial tissue were associated with smoking status A. or alcohol consumption B. in esophageal cancer 
patients. ns, non significant, *** p < 0.001 (unpaired Student’s t test).
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with a reduction in CTL infiltration, had no impact on 
the clinical course of the disease [34]. Additionally, neo-
adjuvant chemotherapy of esophageal squamous cell 
carcinoma with 5-fluorouracil and cisplatin increases 
HLA class I expression as it induces infiltration by CD8+ 
T lymphocytes in the stroma [35]. 

When characterizing the immune infiltrate of 
esophageal carcinomas post-radiochemotherapy, we 
observed that the number of CD8+ T cells found in the 
residual tumor or the scar was irrelevant for patient 
survival. In sharp contrast, it appeared that the frequency 
of FOXP3+ Tregs consistently correlated with the 
therapeutic response (meaning that few FOXP3+ T cells 
were found in those residual lesions that had responded 
to radiochemotherapy) as well as with the cancer-specific 
survival. 

Previous work revealed that the frequency of Tregs 
is positively correlated with their apoptosis resistance [36], 
suggesting that their frequency is dictated by Treg-intrinsic 
parameters. However, it has also been shown that the 
number of Tregs is positively influenced by the presence 
of the chemokines (C-C motif) ligand (CCL) 17 and 
CCL22 in the tumor microenvironment [37], indicating 
that extrinsic factors may control their recruitment, 
differentiation or survival within the neoplastic lesion. We 
found that the level of expression of nuclear high mobility 
group box 1 (HMGB1) and cytoplasmic microtubule-
associated protein 1 light chain 3 beta (MAP1LC3B best 
known as LC3B) puncta had no impact on the survival 
of patients with esophageal cancer (Supplemental 
Figure 4), nor on the frequency of intratumoral Tregs 
(not shown), suggesting that these factors (which may 
affect Treg infiltration in other tumors) [38, 39] have 

no impact on Treg biology in the context of esophageal 
carcinoma. As a caveat, however, it has to be noticed that 
the examination of such markers of cellular stress and 
local immune function has only been performed at one 
time point, on surgical specimen post-radiochemotherapy. 
Hence, this delayed ‘snapshot’ might hide the entire, likely 
complex sequence of tissue reactions that occur between 
the radiochemotherapeutic intervention and the surgical 
removal of the tumor. 

Irrespective of the multiple incognita that the present 
study fails to illuminate, there is convincing evidence that 
Treg infiltration post-radiochemotherapy may be assessed 
as an independent prognostic factor for an ever more 
accurate risk stratification of esophageal carcinomas. This 
result must be confirmed in an independent, prospective 
multicenter study before its diagnostic implementation. 

MATERIALS AND METHODS

Patients and study design

One-hundred-night-six esophageal cancer patients 
were enrolled into the study at the Claude Huriez 
University Hospital (Lille, France) and written informed 
consent was obtained from all the included patients 
according to the local ethical committee. All patients 
received neo-adjuvant radiochemotherapy consisting of 
3 cycles of 5-fluorouracil plus cisplatin or oxaliplatin 
combined with 45 Gys (median dose) of radiotherapy. 
Patient characteristics are depicted in Table 1. Finally, 
not all the patients were exploitable for each statistical 

Figure 6: Single nucleotide polymorphisms (SNPs) association with infiltrating FOXP3+ lymphocytes. Distribution of 
FOXP3+ lymphocytes levels across the genoptypes of TLR4 (rs4986790) A. and P2RX7 (rs3751143) B.. Each dot represents one patient. 
** p < 0.01 (unpaired t-test).
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analysis due to the inadequate amount and quality of 
samples or due to missing information in the clinical 
database.

Genotyping

Genomic DNA was isolated from formalin fixed 
paraffin-embedded (FFPE) esophageal cancer tissue blocks 
by means of the DNeasy Blood and Tissue Kit (Qiagen, 
Valencia, CA, USA) and stored at -20°C in Tris-EDTA 
(TE) buffer. Gene-specific Taqman® primers and genotype-
specific probes (Applied Biosystems-Life Technologies 
Inc.) were used to amplify (i) a TLR4 fragment containing 
the Asp299Gly single nucleotide polymorphism (SNP) 
(rs4986790), (ii) a P2RX7 fragment containing the 
Glu496Ala SNP (rs3751143), (iii) an ATG16L1 fragment 
containing the Thr300Ala SNP (rs2241880) and a PTPN22 
fragment containing the Arg620Trp SNP (rs2476601). All 
selected polymorphisms were amplified in a multiplex 
PCR performed on StepOnePlus Real-Time (RT) PCR 
System (Applied Biosystems-Life Technologies Inc.). 
Genotypes were determined by comparing the signals from 
fluorescent probes (FAM and VIC) and by calculating the 
natural logarithm of the ratio between the FAM and VIC 
signals [log (FAM/VIC)]. 

CD8 and FOXP3 immunohistochemical staining

Paraffin-embedded esophageal cancer specimens 
were assessed for the infiltration by CD8+ (Novocastra, 
Newcastle, UK, M-NCL CD8295) performed on a 
BenchMark XT automated immunostainer (Ventana, 
Tucson, AZ, USA). Antigen retrieval was performed by 
incubating slides in EDTA buffer (pH 8.0) for 30 min at 
95°C, then the primary antibody was incubated for 30 
min. FOXP3+ regulatory T cells staining was manually 
assessed using the Novolink Kit (Menarini Diagnostics, 
RE7140-K). FFPE cancer tissue sections were 
deparaffinized for antigen retrieval and then rehydrated 
through graded alcohols to water. Antigen retrieval was 
carried out by heating slides for 30 min in pH 9.0 citrate 
buffer at 98 °C. The sections were incubated for 5 min 
with the Peroxidase Block reagent, and subsequently 
washed twice for 5 min with PBS. Following incubation 
for 5 min at room temperature with the Protein Block 
reagent, tissue sections were washed twice for 5 min 
with PBS, and then incubated 1 hour at room temperature 
with a primary antibody specific for FOXP3 regulatory 
T cell (ab450, Abcam) at the final concentration of 4µg/
mL. After two washes with PBS, sections were incubated 
for 30 min with the Post Primary Block reagent, washed 
again as before and incubated for 30 min with Polymer 
secondary antibodies. Upon two additional washes, 
secondary antibodies were revealed with the liquid DAB 
Substrate Chromogen system (10 min incubation). Finally, 

slides were washed in distilled water, and counterstained 
with hematoxylin.

Immunohistochemical detection of HMGB1

FFPE cancer tissue sections were deparaffinized 
in changes of xylène and rehydrated in absolute ethanol. 
Antigen retrieval was carried out by heating slides for 
30 min in pH 6.0 citrate buffer at 98 °C. Endogenous 
peroxidase activity was inhibited by incubation with 3% 
hydrogen peroxidase (Dako, Trappes, France) for 15 min 
and then washed twice for 5 min with 0.025% Triton (v/v 
in TBS). Sections were then saturated 20min with Protein 
Block Serum Free (Dako, Trappes, France). Without 
washing, the primary antibody, a polyclonal rabbit anti 
HMGB1 antibody (ThermoScientist Pierce, PA1-16926) 
at the final concentration of 4µg/mL, was incubated 
overnight. After two washes in 0.025% Triton (v/v in TBS) 
sections were incubated by the secondary antibody (En 
vision-Rabbit, Dako, Trappes, France) for 45min, Upon 
two additional washes the peroxidase activity was revealed 
by means of daminobenzidine (DAB) substrate (Dako, 
Trappes, France), and the sections were counterstained 
with Mayer’s hematoxylin.

Immunohistochemical detection of LC3B

Immunohistochemical staining of cancer tissue 
sections was performed using the Novolink Kit (Menarini 
Diagnostics, RE7140-K). Tissue slides were deparaffinized 
in changes of xylène and rehydrated in decreasing 
concentrations of absolute ethanol (100%, 95%, 80%, 
70% and 50%). Antigen retrieval was carried out by 
heating slides for 30min in pH 6.0 citrate buffer at 95°C. 
Thereafter, sections were incubated for 5min with the 
Peroxidase block reagent, and subsequently washed twice 
for 5min with 0.1% Tween 20 (v/v in PBS). Following 
a 5-min-long incubation at room temperature with the 
Protein block reagent, tissue sections were washed 
twice for 5min with 0.1% Tween 20 (v/v in PBS), and 
then incubated overnight at 4°C with a primary antibody 
specific for LC3B (clone 5F10, Nanotools, 0231-100), 
dissolved in 1% bovine serum albumin (w/v in TBS) at the 
final concentration of 25 µg/mL. This antibody recognizes 
both the soluble (LC3-I) and the membrane-bound form 
(LC3-II) of LC3B. After two washes in 0.1% Tween 20 
(v/v in PBS), sections were incubated for 30min with the 
Post Primary Block reagent, washed again (as previously 
described) and incubated for 30 min with the horseradish 
peroxidase-coupled polymer secondary antibodies. Upon 
two additional washes, secondary antibodies were revealed 
with the liquid DAB Substrate Chromogen system (10min 
incubation). Finally, slides were washed in distilled water, 
and counterstained with hematoxylin.
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Pathologic assessment

 FOXP3, CD8, HMGB1 and LC3B expressions 
were independently assessed by a trained histologist (PD). 
For CD8 and FOXP3 staining, slides were digitized with a 
slide scanner (Hamamazou, Massy, France) and processed 
with CaloPyx (Châtillon, France) software enabling whole 
slide quantification. For HMGB1 staining, the pattern of 
expression (nuclear or not) was evaluated in tumor cells: 
strong nuclear staining of at least 50% of the tumor cells 
was considered positive for HMGB1 tumor expression 
(see results and Supplemental Figure 2). Concerning 
LC3B, the intensity of LC3B puncta in tumor cells and 
the percentage of tumor cells with detectable LC3B puncta 
were assessed: the tumor was considered positive if LC3B 
puncta was detectable in more than 10% of malignant 
cells. 

Statistical analyses

All data manipulation, analyses and graphing were 
performed within the R environment [40]. Prognosis 
value of the SNPs on the esophageal cancer specific 
survival (as defined as the time elapsed from the date of 
diagnosis and death from cancer) was evaluated by Cox 
proportional hazards modeling. Genotype incidences in 
clinical descriptors were calculated with Firth’s penalized-
likelihood logistic regression [41]. Distributions of FOXP3 
and CD8 were assessed by linear modeling or the Cuzick 
test as appropriate. Estimation of an adequate cut-off that 
optimally separates the cohort in 2 groups of poor and 
good prognosis was performed according to the method 
described in Hothorn and Lausen [42]. Additionally, Cox 
regression models built after discretization of the marker 
based on the population median and terciles are evaluated 
and presented with their corresponding Kaplan Meier 
survival curves. Estimated parameters are accompanied by 
their 95% confidence intervals and p values are two-tailed 
and considered significant when less than 0.05.

ACKNOWLEDGMENTS

G.K. and L.Z. are supported by the Ligue National 
contre le Cancer (Equipe labelisées); Agence National de 
la Recherche (ANR) - Projets blancs; ANR under the frame 
of E-Rare-2, the ERA-Net for Research on Rare Diseases; 
Association pour la recherche sur le cancer (ARC); 
Cancéropôle Ile-de-France; Institut National du Cancer 
(INCa); Fondation Bettencourt-Schueller; Fondation de 
France; Fondation pour la Recherche Médicale (FRM); the 
European Commission (ArtForce); the European Research 
Council (ERC); the LabEx Immuno-Oncology; the SIRIC 
Stratified Oncology Cell DNA Repair and Tumor Immune 
Elimination (SOCRATE); the SIRIC Cancer Research and 
Personalized Medicine (CARPEM); and the Paris Alliance 

of Cancer Research Institutes (PACRI).

CONFLICTS OF INTEREST

There is no conflict of interest.

REFERENCES

1. Ward PS and Thompson CB. Metabolic reprogramming: a 
cancer hallmark even warburg did not anticipate. Cancer 
cell. 2012; 21:297-308.

2. Galluzzi L, Kepp O and Kroemer G. Mitochondria: master 
regulators of danger signalling. Nature reviews Molecular 
cell biology. 2012; 13:780-788.

3. Tan AS, Baty JW, Dong LF, Bezawork-Geleta A, Endaya 
B, Goodwin J, Bajzikova M, Kovarova J, Peterka M, Yan B, 
Pesdar EA, Sobol M, Filimonenko A, Stuart S, Vondrusova 
M, Kluckova K, et al. Mitochondrial genome acquisition 
restores respiratory function and tumorigenic potential of 
cancer cells without mitochondrial DNA. Cell metabolism. 
2015; 21:81-94.

4. Maiuri MC and Kroemer G. Essential role for oxidative 
phosphorylation in cancer progression. Cell metabolism. 
2015; 21:11-12.

5. Gogvadze V, Orrenius S and Zhivotovsky B. Mitochondria 
as targets for chemotherapy. Apoptosis : an international 
journal on programmed cell death. 2009; 14:624-640.

6. Fulda S, Galluzzi L and Kroemer G. Targeting mitochondria 
for cancer therapy. Nature reviews Drug discovery. 2010; 
9:447-464.

7. Fulda S. Targeting apoptosis for anticancer therapy. 
Seminars in cancer biology. 2015; 31:84-88.

8. Wirotius JM and Bourjade C. [Palliative treatment 
of urinary incontinence]. Soins; la revue de reference 
infirmiere. 1989; :37-44.

9. Green DR and Kroemer G. The pathophysiology of 
mitochondrial cell death. Science. 2004; 305:626-629.

10. Green DR, Galluzzi L and Kroemer G. Cell biology. 
Metabolic control of cell death. Science. 2014; 
345:1250256.

11. Zitvogel L, Galluzzi L, Smyth MJ and Kroemer G. 
Mechanism of action of conventional and targeted 
anticancer therapies: reinstating immunosurveillance. 
Immunity. 2013; 39:74-88.

12. Kepp O, Senovilla L, Vitale I, Vacchelli E, Adjemian S, 
Agostinis P, Apetoh L, Aranda F, Barnaba V, Bloy N, 
Bracci L, Breckpot K, Brough D, Buque A, Castro MG, 
Cirone M, et al. Consensus guidelines for the detection 
of immunogenic cell death. Oncoimmunology. 2014; 
3:e955691.

13. Golden EB, Frances D, Pellicciotta I, Demaria S, Helen 
Barcellos-Hoff M and Formenti SC. Radiation fosters dose-
dependent and chemotherapy-induced immunogenic cell 
death. Oncoimmunology. 2014; 3:e28518.



Oncotarget20850www.impactjournals.com/oncotarget

14. Calvet CY, Famin D, Andre FM and Mir LM. 
Electrochemotherapy with bleomycin induces hallmarks 
of immunogenic cell death in murine colon cancer cells. 
Oncoimmunology. 2014; 3:e28131.

15. Sukkurwala AQ, Adjemian S, Senovilla L, Michaud 
M, Spaggiari S, Vacchelli E, Baracco EE, Galluzzi 
L, Zitvogel L, Kepp O and Kroemer G. Screening of 
novel immunogenic cell death inducers within the NCI 
Mechanistic Diversity Set. Oncoimmunology. 2014; 
3:e28473.

16. Michaud M, Sukkurwala AQ, Di Sano F, Zitvogel L, Kepp 
O and Kroemer G. Synthetic induction of immunogenic 
cell death by genetic stimulation of endoplasmic reticulum 
stress. Oncoimmunology. 2014; 3:e28276.

17. de Mejia EG and Dia VP. The role of nutraceutical proteins 
and peptides in apoptosis, angiogenesis, and metastasis of 
cancer cells. Cancer metastasis reviews. 2010; 29:511-528.

18. Yin CM, Wong JH, Xia J and Ng TB. Studies on anticancer 
activities of lactoferrin and lactoferricin. Current protein & 
peptide science. 2013; 14:492-503.

19. Eliassen LT, Berge G, Leknessund A, Wikman M, Lindin I, 
Lokke C, Ponthan F, Johnsen JI, Sveinbjornsson B, Kogner 
P, Flaegstad T and Rekdal O. The antimicrobial peptide, 
lactoferricin B, is cytotoxic to neuroblastoma cells in vitro 
and inhibits xenograft growth in vivo. International journal 
of cancer Journal international du cancer. 2006; 119:493-
500.

20. Camilio KA, Rekdal O and Sveinbjornsson B. LTX-315 
(Oncopore): A short synthetic anticancer peptide and 
novel immunotherapeutic agent. Oncoimmunology. 2014; 
3:e29181.

21. Macho A, Decaudin D, Castedo M, Hirsch T, Susin SA, 
Zamzami N and Kroemer G. Chloromethyl-X-Rosamine is 
an aldehyde-fixable potential-sensitive fluorochrome for the 
detection of early apoptosis. Cytometry. 1996; 25:333-340.

22. Metivier D, Dallaporta B, Zamzami N, Larochette N, 
Susin SA, Marzo I and Kroemer G. Cytofluorometric 
detection of mitochondrial alterations in early CD95/
Fas/APO-1-triggered apoptosis of Jurkat T lymphoma 
cells. Comparison of seven mitochondrion-specific 
fluorochromes. Immunology letters. 1998; 61:157-163.

23. Penninger JM and Kroemer G. Mitochondria, AIF and 
caspases--rivaling for cell death execution. Nature cell 
biology. 2003; 5:97-99.

24. Kroemer G, Galluzzi L and Brenner C. Mitochondrial 
membrane permeabilization in cell death. Physiological 
reviews. 2007; 87:99-163.

25. West AP, Khoury-Hanold W, Staron M, Tal MC, Pineda 
CM, Lang SM, Bestwick M, Duguay BA, Raimundo N, 
MacDuff DA, Kaech SM, Smiley JR, Means RE, Iwasaki 
A and Shadel GS. Mitochondrial DNA stress primes the 
antiviral innate immune response. Nature. 2015; 520:553-
557.

26. von Haefen C, Gillissen B, Hemmati PG, Wendt J, 

Guner D, Mrozek A, Belka C, Dorken B and Daniel PT. 
Multidomain Bcl-2 homolog Bax but not Bak mediates 
synergistic induction of apoptosis by TRAIL and 5-FU 
through the mitochondrial apoptosis pathway. Oncogene. 
2004; 23:8320-8332.

27. Wei MC, Zong WX, Cheng EH, Lindsten T, 
Panoutsakopoulou V, Ross AJ, Roth KA, MacGregor GR, 
Thompson CB and Korsmeyer SJ. Proapoptotic BAX and 
BAK: a requisite gateway to mitochondrial dysfunction and 
death. Science. 2001; 292:727-730.

28. Pedro JM, Wei Y, Sica V, Maiuri MC, Zou Z, Kroemer G 
and Levine B. BAX and BAK1 are dispensable for ABT-
737-induced dissociation of the BCL2-BECN1 complex and 
autophagy. Autophagy. 2015; 11:452-459.

29. Levine B and Kroemer G. Autophagy in the pathogenesis of 
disease. Cell. 2008; 132:27-42.

30. Youle RJ and Narendra DP. Mechanisms of mitophagy. 
Nature reviews Molecular cell biology. 2011; 12:9-14.

31. Galluzzi L, Bravo-San Pedro JM and Kroemer G. 
Organelle-specific initiation of cell death. Nature cell 
biology. 2014; 16:728-736.

32. Kimura S, Fujita N, Noda T and Yoshimori T. Monitoring 
autophagy in mammalian cultured cells through the 
dynamics of LC3. Methods in enzymology. 2009; 452:1-12.

33. Narendra D, Tanaka A, Suen DF and Youle RJ. Parkin is 
recruited selectively to impaired mitochondria and promotes 
their autophagy. The Journal of cell biology. 2008; 183:795-
803.

34. Durcan TM and Fon EA. The three ‘P’s of mitophagy: 
PARKIN, PINK1, and post-translational modifications. 
Genes & development. 2015; 29:989-999.

35. Kuwana T, Mackey MR, Perkins G, Ellisman MH, Latterich 
M, Schneiter R, Green DR and Newmeyer DD. Bid, Bax, 
and lipids cooperate to form supramolecular openings in the 
outer mitochondrial membrane. Cell. 2002; 111:331-342.

36. Kushnareva Y, Andreyev AY, Kuwana T and Newmeyer 
DD. Bax activation initiates the assembly of a multimeric 
catalyst that facilitates Bax pore formation in mitochondrial 
outer membranes. PLoS biology. 2012; 10:e1001394.


