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Tumor stress, cell death and the ensuing immune
response
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A cornucopia of physiological and pathological circumstances including anticancer chemotherapy and radiotherapy can induce
cell death. However, the immunological consequences of tumor cell demise have remained largely elusive. The paradigm
opposing ‘apoptosis versus necrosis’ as to their respective immunogenicity does not currently hold to predict long-term
immunity. Moreover, the notion that tumor cells may be ‘stressed’ before death to be recognized by immune cells deserves to be
underlined. ‘Eat-me’, ‘danger’ and ‘killing’ signals released by stressed tumor under the pressure of cytotoxic compounds may
serve as links between the chemotherapy-elicited response of tumor cells and subsequent immune responses. This review will
summarize the state-of-the-art of cancer immunity and describe how tumor cell death dictates the links between innate and
acquired immunity.
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Antitumoral Immune Response and Immunosubversion

The comprehension of natural immune prevention and
immune responses to cancer has advanced during the last
decades. In 1863, Rudolf Virchow observed ‘leucoreticulair
infiltrates’ in cancer tissues and proposed for the first time a
relation of chronic inflammation and tumorigenesis (reviewed
by Balkwill et al.1,2). In 1909, Paul Ehrlich developed the
fundamental hypothesis that the immune system could control
cancer development.3 About 50 years later, the seminal work
brought up by Burnet and Thomas supported the concept of
tumor immunosurveillance.4,5 Later, gene targeting,6 trans-
genic mouse technologies7 and highly specific neutralizing
monoclonal antibodies targeting particular immune compo-
nents8 have allowed to formally identify the key components of
anticancer immune responses.

It is now recognized that the immune system exerts three
primary roles for the prevention of tumor outgrowth. First, by
suppressing viral infection, the immune system contributes to
protecting the host against virus-induced tumors. Second, the
immune system interferes with the establishment of chronic
inflammation-induced tumorigenesis by regulating pathogen-
induced inflammatory processes.2 Third, the immune system
identifies and destroys precancerous and cancerous lesions
expressing tumor-specific antigens or molecular determinants
induced by cellular stress. This process can cause the
elimination of tumors at the early stage or, alternatively, ‘edit’

the immunogenic phenotypes of tumors that eventually form
in immunocompetent hosts (reviewed in Dunn et al.9). Indeed,
tumors induced in immunodeficient mice are often rejected
when they are transplanted to immunocompetent mice,
presumably because they have not been ‘edited’ by the
immune system.

Tumors evoke mechanisms to escape immunosurveillance
on the basis of genetic mutations and phenotypic changes.
Hanahan and Weinberg established six hallmarks of cancer
that encompass limitless proliferation, avoidance of cell death,
autonomy from growth factors, ignorance of growth-inhibitory
signals, provision of angiogenic signals and tissue invasion.10

In addition, tumor-induced tolerance might be considered as
the seventh hallmark of tumorigenesis.11 What are then the
possible strategies to reverse or counterbalance tumor-
induced immune tolerance? Here, we will discuss that some
types of tumor cell death or stress may tip the host–tumor
balance towards the reinforcement of the host defenses and
we will focus on the question how tumor cell death can
modulate the links between innate and acquired immunity.

Immunogenic versus Non-Immunogenic Cell Death

Tumorigenesis is characterized by the suppression of cell
death programs, leading to the outgrowth of chemo- and
radio-therapy resistant tumors. The different cell death
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modalities are described in depth by Tesniere et al. in this
issue of CDD. The Nomenclature Committee on Cell Death
recommended the classification of cell death relying on
morphological aspects to clearly distinguish apoptotic (type
1), autophagic (type 2), necrotic (type 3) cell death and mitotic
catastrophe.12 Apoptosis is a rapid form of cell death,
characterized by the rounding of the cell, retraction of
pseudopodes, chromatin condensation (pyknosis), nuclear
fragmentation (karrhyorhexis), and plasma membrane bleb-
bing.13 In contrast, necrotic cell death is characterized by the
swelling of cytoplasm (oncosis) and cytoplasmic organelles
leading to the disruption of the plasma membrane. Necrosis is
commonly considered as a pathological process that is often
associated with local inflammation eventually supporting
tumor development.14

Conventional textbooks of immunology oversimplify the
distinction between apoptotic and necrotic cell death con-
sidering apoptosis as physiological, programmed and non-
immunogenic cell death and necrosis as a pathological and so
far immunological cell death.15,16 However, this view has been
challenged over the last 2 years, both in the mouse and in the
human system. Virus-induced tumor cell death has been
described as immunogenic.17 While tumor cell death induced
by mitomycin C (with an apoptotic morphology) or freeze–
thawing (with a necrotic morphology) promoted the maturation
of dendritic cells (DC) in vitro, inoculation of dead cells could
not protect the host against live tumor challenge.18 Moreover,
while anthracycline-treated tumor cells (which die with an
apoptotic morphology) became highly immunogenic in vivo,
destroying the corpuscular nature of anthracycline-derived
apoptotic bodies by freeze–thawing or hypoosmotic shock
could abolish the immunogenicity of anthracycline-killed
cells.18

Inducers of Immunogenic Cell Death

Many anticancer compounds directly affect the effector or
regulatory arms of tumor immunity (reviewed in19) and/or can
promote ‘an immunogenic cell death’. For instance, gemcita-
bine is a nucleoside analog that is frequently used to treat non-
small cell lung, breast and pancreatic cancers. The effects of
gemcitabine in modulating antigen-specific antitumor immune
responses have been investigated using a murine tumor cell
line overexpressing influenza virus hemagglutinin. Cross-
presentation of hemagglutinin tumor antigens to MHC class I-
and class II-restricted T cells was enhanced by gemcitabine in
tumor-bearing mice.20 In addition, gemcitabine could affect
the negative arm of antitumor immunity by depressing
hemagglutinin-specific B cell responses and myeloid sup-
pressor cells.21 Furthermore, gemcitabine could be success-
fully combined with immunostimulatory compounds (such as
CD40-stimulatory antibodies) to yield synergistic antitumor
effects22,23

Another hint that successful chemotherapy could be
associated with improved antigen-specific T lymphocyte
responses came from the sequential monitoring of ovarian
tumor-specific T-cell responses during cisplatin-based
chemotherapy in advanced ovarian carcinoma patients. Only
patients in remission displayed potent CD8þ T-cell
responses, whereas patients in progression did not.24

As detailed by Tesniere et al. in this issue of CDD, we
developed a method to screen for immunogenic cell death
inducers. This method was based on the induction of tumor
cell apoptosis by a variety of different agents, subcutaneous
inoculation of these dying cells in one flank of immunocom-
petent mice, and final inoculation of live tumor cells in the
opposite flank. The absence of tumor growth then was scored
as the indication of an immune response induced by dying
tumor cells.18 We confirmed previous studies demonstrating
that anthracyclines and X-rays can induce antitumor immune
responses and delineated some of the molecular cues
supporting the immunoadjuvant effects of tumor cell death.25

We first showed that the host DC-mediated T-cell priming
against tumor cells is pivotal for the immunoadjuvant effects
of radiotherapy and chemotherapy. The DC/T cell cross-talk
relies on two major checkpoints, calreticulin exposure as ‘eat
me’ signal and the release of high mobility group box 1
(HMGB1) as ‘danger’ signal by dying tumor cells, thus
licensing DC for antigen uptake and TLR4-dependent antigen
processing, respectively.25,26 Only when both the ‘eat me’ and
the ‘danger’ signals are correctly emitted by dying tumor cells
and perceived by DC, an immune response can be elicited.
While the translocation of calreticulin from the endoplasmic
reticulum to the plasma membrane was an early process, at
least in response to anthracyclins and irradiation,26 secretion
of HMGB1 by tumor cells was found to be a late process
commonly observed during necrosis or late apoptosis.25–28

The alarmin HMGB1 was found to act on DC, on the TLR4
receptor, which in turn relays to the MyD88 adapter to allow
optimal processing of the tumor antigens.25 Indeed, defects in
TLR4 signaling have been reported in patient cohorts with
breast cancer25 and alterations in the MyD88 signaling
pathways have been described in patients with head and
neck tumors.29 These defects could be relevant in preventing
the immunoadjuvant effects of chemotherapy-induced cell
death.25

Another example of immunogenic cell death came from
human in vitro studies. Bortezomib is a specific inhibitor of 26S
proteasome which shows clinical activity against several
human tumors including myeloma.30 Spisek et al.30 demon-
strated the elective uptake and processing of bortezomib-
induced myeloma cells by human monocyte derived-DC in
vitro. In their model, neither g- irradiation nor steroids could
elicit antimyeloma-specific T cells although both killed tumor
cells in vitro. The DC-mediated T-cell activation was inde-
pendent of exogenous maturation signals. Interestingly,
bortezomib-treated myeloma cells exposed heat-shock pro-
tein 90 (Hsp90) on the surface of dying cells. The combination
of bortezomib and geldanamycin (an inhibitor of Hsp90)
increased the yield of tumor cell apoptosis but diminished their
immunogenicity, suggesting that Hsp90 is responsible for the
bortezomib-induced immunogenicity.

It is noteworthy that many compounds such as steroids,
etoposide or irinotecan induced non-immunogenic cell
death.30,31 It will be interesting to screen all currently used
anticancer chemotherapies for their capacity to elicit immuno-
genic cell death (as determined in vivo in mice) or to induce
molecular changes associated with immunogenicity such as
calreticulin exposure, Hsp90 exposure, HMGB1 release or
yet-to-be discovered markers of immunogenicity.
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Cell Death and the Link Between Innate and Acquired
Immunity

It is well established that adjuvants are required to elicit an
efficient immune response following vaccination. One role of
an adjuvant is the stimulation of antigen presenting cells
(APC). Janeway’s extended self versus non self model
proposed that immune responses would be triggered by
evolutionary distant organisms through a set of pattern
recognition receptors that bind to conserved bacterial ‘patho-
gen-associated molecular patterns’ (PAMPs).32 However,
there is evidence that APC would be receptive to endogenous
danger signals from distressed, injured or damaged tissues.33

Thus, self-tolerance could be overcome by the adjuvant effect
of ‘damage associated molecular patterns’ (DAMPs). Recep-
tors for DAMPs and PAMPs could act as universal stimulator
of tissue repair, remodelling and immunity.33 Three putative
scenarios that dictate the interplay between tumor cells,
DAMPs and innate effectors (including APC and T cells) are
discussed below.

The classical three-step model. Compelling evidence
points to a critical role of the DC-mediated cross-
presentation of tumor-associated antigens for an efficient
priming of T cells. In mice depleted of DCs, dying tumor cells
fail to elicit anticancer immune responses.29,34,35 The
prevailing model for cross-presentation of tumor antigen by
DC relies on a three-step process, where DC are central
(Figure 1). First tumor cells are killed, second DC undergo
activation and maturation, third tumor antigen is presented by
DC to T cells. In the first step, tumor cells are attacked by
innate effector cells such as NK, NKT or gdT cells (reviewed
in36) or succumb to cytotoxic chemotherapeutics. Next, the
tumor cell death entails several independent events. Dying
tumor cells might not only provide tumor antigens to the
microenvironment (and in particular to conventional DC
(cDC)), but could also generate endogenous danger
signals such as calreticulin or HMGB1 that could induce
phagocytosis and processing of the phagocytic cargo by

cDC, respectively.26,29 In addition, cDC require a full-blown
maturation to prime an antigen-specific effector and memory
antitumor T-cell response. Following tumor cell killing, innate
effectors could promote DC activation, IL-12 production and
Th1 polarization.37,38

The disadvantage of this three-step process consists in the
involvement of multiple different cell types and hence its
possible subversion at multiple levels. Except in conditions of
exogenous supply of TLR7 agonists where tumor infiltrating
pDC and cDC gain lytic function39 the pivotal cDC are not
capable of killing tumor cells and are quite sensitive to
immunosuppressive pathways (reviewed in40). However, in
some specific conditions, the same cell type may both kill
tumor cells and present the antigen, hence unifying the first
two steps of the three-step model.

A proposed two-step model. A two-step process could be
envisioned in which the same cell would be able to kill tumor
targets, to engulf apoptotic debris and to initiate its
differentiation towards a bona fide APC that activates T
cells in a direct fashion (Figure 2). The first indication that
such a hybrid cell might exist comes from Josien and
collaborators,41 who found that rat splenic DC could exhibit
marker of NK cells and kill a paradigmatic NK cell target
(YAC-1 cells). Another report described a novel innate
effector called ‘NK/DC’ in the mouse system.42 Such ‘NK/
DC’ were described to unify DC- and NK-cell functions upon
exogenous stimuli such as CpG or IL-18.42 At retrospect,
these effects might be attributed to a subpopulation of a
newly characterized cell type that has been baptized as
‘Interferon producing killer dendritic cell (IKDC)’.43–46 IKDC
simultaneously express DC and NK cell markers and have
originally been detected in the infiltrate of tumor metastases
that regress after treatment with imatinib mesylate and
interleukin-2. Unstimulated IKDC are CD11c NK1.1 B220-
triple positive cells, but negative for class II and costimulatory
molecules. A unique characteristic of IKDC is the production
of high amounts of interferon-g and the expression of MHC
class II molecules upon tumor cell contact, without that this
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Figure 1 Three-step model from dying tumor cells to acquired immune response. In the first step, tumor cells are attacked by innate effectors (NK, NKT, gdT-cell) or
directly by cytotoxic agents. In step two, activated cDC will be able to uptake and process tumor antigens and to complete their maturation program. In step three, cDC present
tumor antigens to prime an antigen-specific effector and memory T-cell response
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stimulation would depend on MHC class I or NKG2D ligands
present on the tumor cells.47,48 Interestingly, IKDC kill tumor
cells in a TRAIL-dependent manner in vitro and in vivo, in
conditions where NK cells mostly kill their targets through a
perforin/granzyme B pathway.43

Tumor licensing by intrinsic or extrinsic cell stress. Tumor
cells can be stressed by multiple intrinsic or extrinsic stimuli and
both may promote membrane expression or release of ‘eat-me
signals’, ‘danger signals’, or ‘killing signals’ that will facilitate
immune recognition and final eradication of stressed tumor cells
(Figure 3).

Examples of intrinsic stress factors are DNA damage or
expression of tumor promoter genes. Aberrant cell prolifera-
tion is known to activate the DNA damage response resulting
in p53 –dependent cell cycle arrest, senescence or apoptosis.
The DNA damage response also induces expression of
NKG2D ligands in an ATM or ATR protein kinase-dependent
way.49 NKG2D is an activating receptor involved in tumor
immunosurveillance. It is expressed on NK, NKT, gdT cells, as
well as resting (in mice) and/or activated (in humans) CD8þ T
cells. Whereas p53 is not required for expression of NKG2D
ligands in cells undergoing DNA damage, co-operation
between p53 induced-tumor cell senescence and the innate
immune system has been recently highlighted.50 Restoration
of p53 function in established hepatocellular carcinomas led to
tumor regression but only in animals bearing an intact immune
system. Inflammatory cytokines (such as IL-15 and CSF-1),
adhesion molecules (such as ICAM1 and VCAM1) and
chemokines (such as CCL2 and CXCL1) were upregulated
in liver tumors following p53 reactivation, correlating with the
recruitment of neutrophils, macrophages and NK cells into
tumor beds and tumor shrinkage.50

A link between intrinsic and extrinsic tumor suppressor
pathways could be provided by cyclooxygenase-2 (COX-2), a
putative tumor promoter.51,52 Transgene-enforced over-
expression of human COX-2 in mouse mammary glands
promoted hyperplasia, dysplasia and transformation into
metastatic breast cancer.52 Conversely, intestinal polyposis

developing in a mouse model of familial adenomatous
polyposis could be suppressed by genetically or pharmacolo-
gically inhibiting COX-2.51 The overproduction of COX-2 and its
major product prostaglandin E2 (PGE2) has been detected in
many human cancers. It appears plausible that PGE2 acts as
an inhibitor of antitumor immune responses. The prostaglandin
receptor EP2 plays a key role in PGE2-induced inhibition of DC
differentiation, DC function and cancer-associated immuno-
deficiency. EP2�/� mice exhibited reduced tumor growth and
longer survival times that could be related to the enhanced
recruitment of DC and T cells into the tumor draining lymph
nodes and the generation of effective CTL responses.53

Extrinsic factors of tumor cell stress are cell death inducers
such as chemotherapy or radiotherapy, but also effector
immune cells of the innate or acquired immune system (CTL,
NK, NKT, gdT-cells). We will detail recently described path-
ways following extrinsic cell stress, but do not claim to give a
complete overview of this rapidly developing field.

As mentioned above, ecto-CRT is an early post-transla-
tional regulatory signal induced by anthracyclines, X-rays,26

and oxaliplatin (Ghiringhelli F, unpublished data) which
appears mandatory for the recognition and uptake of dying
tumor cells by DC. Interestingly, ecto-CRT exposure can also
be triggered by the interaction of tumor cells with activated NK
and IKDC (Bonmort M, unpublished data). Killing signals19

can be induced by DNA damaging agents (such as 5-FU,
cisplatin, X-rays). Killing signals include the increased surface
expression of MHC class I, Fas/CD95 and tumor-associated
antigenic molecules that facilitate tumor recognition by CTLs
(Figure 3). Inhibitors of histone deacetylase can also induce
surface expression of NKG2D ligands on tumor cells.54,55

We will discuss in greater details the DAMPs that can be
emitted by tumor cells following an innate or a therapeutic
insult. The seminal work by Shi et al.56 revealed that uric acid
behaves as an endogenous danger signal that is released by
injured cells that activates host DC. Indeed, injured cells
rapidly degrade their RNA and DNA, and the liberated purines
are converted into uric acid. Uric acid increased markedly
after treatment with heat shock, cycloheximide, and emetine
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Figure 2. A proposed two-step model. In this mouse model a hybrid effector cell such as an IKDC (or NK/DC) is able to recognize and kill tumor cells, but also to act as
antigen-presenting cell leading to antigen-specific T-cell response
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in EL4 thymoma cells or after UV irradiation in 3T3 fibroblasts.
Uric acid could play the role of adjuvant in combination with
soluble antigens and elicited antigen-specific CTL responses
in vivo. Inhibition of uric acid production by allopurinol or
degradation of uric acid by uricase inhibits the gp120-specific
CTL responses elicited through injection of UV-irradiated 3T3
cells coinjected with gp120-coated beads.56 Thus, uric acid
may act as an obligatory DAMP, at least in some circum-
stances.

As mentioned above, the high mobility group box 1
(HMGB1) protein is a nuclear constituent loosely bound to

chromatin and a mediator of inflammation in the extracellular
environment.57 Damaged and necrotic cells release HMGB1,
and HMGB1 is thought to be responsible for the inflammatory
response to cell necrosis.28 HMGB1 can either bind to TLR4
or to RAGE (receptor for advanced glycation end pro-
ducts).58,59 HMGB1 and RAGE activate plasmacytoid DCs
and B cells in response to DNA.60 HMGB1 released by
necrotic cells is a potent adjuvant in vivo,29,61 along with other
intracellular components contributing to the adjuvant activity
of necrotic supernatants (Hsp,62 uric acid63). A recent work by
Apetoh et al.29 supports the notion that the immunoadjuvant

Figure 3 Linking tumor licensing and the immune response. Tumor cells may be attacked by at least three different ways: cytotoxic agents, killer cells (NK, NKT, IKDC,
gdT-cells, CTL) or immunomodulating agents (TRAIL, IFNa, IFNg). Direct killing activity may be facilitated by various mechanisms ‘licensing’ tumor cells to express stress or
danger signals promoting their recognition by particular effectors. NKG2D-L expression leads to activation of innate immune cells. Ecto-calreticulin (CRT) and Hsp90
expression act as ‘eat me’ signals and enhance phagocytosis and maturation of DC, respectively. Many chemotherapeutic agents can upregulate MHC class I, class II, tumor-
activating antigens (TAA) and Fas/CD95 surface expression on tumor cells, leading to enhanced susceptibility to CTL. Anthracyclines, oxaliplatin, X-Rays but also sTRAIL
(and potentially-activated NK and IKDC-expressing TRAIL) can lead to the release of HMGB1 and other ‘danger signals’ that are mandatory for DC-mediated cross-
presentation of apoptotic tumors to T cells. CRT, Calreticulin; DC, Dendritic cell; HMGB1, High mobility group box 1; HSP, Heat-Shock Protein; IFN, Interferon; IKDC, IFN-
producing killer DC; NK, Natural killer cell; NKT, Natural killer T-cell; TAA, tumor-associated antigen; TRAIL, TNF-related apoptosis-inducing ligand
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effects of chemotherapy and radiotherapy-induced cell
death rely upon HMGB1 release by tumor cells and TLR4-
dependent stimulation of host DC. These findings are in line
with the role of HMGB1 and TLR4 in liver injury caused by
ischemia reperfusion.64 Interestingly, HMGB1 can also be
released by tumor cells following attack by innate and cognate
effectors operating through TRAIL.65

DAMPs can promote the specific recruitment of eosinophil
or neutrophil granulocytes into tumors.66–68 Indeed, HMGB1
release could promote the infiltration of eosinophils into tumor
tissue (reviewed in66). Peripheral blood eosinophilia and
tumor-associated tissue eosinophilia are associated with
objective responses during immunotherapy with interleukin-2,
IL-4, granulocyte-macrophage colony-stimulating factor, and
anti CTLA-4.66,69 Treatment of tumor cells with irradiation or
heat shock followed by membrane disruption was found to
promote the release of IL-1a and the ICE-dependent recruit-
ment of neutrophils towards dying tumor cells. In view of the
fact that neutrophils could contribute to the elicitation of long-
term antigen-specific CTL responses in melanoma models,70

this result suggests that dying tumor cells can induce non-
specific inflammatory reaction that, in turn, may elicit a specific
immune response.

Recently, some reports outlined the off target effects of
some anticancer compounds in promoting dramatic changes
in the chemokine/cytokine tumor microenvironment, leading
to the recruitment of tumor antigen-specific T cells into tumor
beds. 5,6-dimethylxanthenone-4-acetic acid (DMXAA) is a
‘vascular disrupting agent’ that is currently used in phase II
clinical trials in combination with chemotherapy.71 In pre-
clinical tumor models, DMXAA could induce potent antitumor
immune responses that contributed to the regression of lung
carcinoma and mesothelioma.72 DMXAA activated the tumor
microenvironment (possibly through the recruitment of the
tumor-associated macrophages) that secreted a variety of
cytokines and chemokines (including TNF-a, IFN-inducible
protein-10 (IP-10), IL-6, macrophage inflammatory protein-2,
and monocyte chemotactic protein-1) promoting the influx of
CD8þ T-cells and a CD8 dependent-effector and memory
response.72 A recent report unravelled the mode of action of
DMXAA on myeloid cells. DMXAA acts on the TANK-binding
kinase 1-interferon (IFN) regulatory factor 3 (IRF-3) signaling
pathway.73 These findings suggest that the activation of
tumor-associated macrophages with DMXAA could be a
critical step to promote the recruitment and/or re-activation
of tumor-specific CD8þ T cells. A similar scenario can be
proposed for TLR3 agonists. Besides their immunomodula-
tory effects on myeloid cells, TLR3 agonists could directly
target tumor cells. Indeed, a direct proapoptotic activity of
TLR3 agonists has been reported on TLR3-expressing breast
tumor cell lines.74 Moreover, in a mouse model of melanoma
and glioma, adjuvant therapy with a TLR3 ligand (Poly I:C
stabilized with poly-lysine and carboxymethylcellulose) could
trigger the homing of tumor-specific CTLs to tumor beds. In
the glioma model, this effect was obtained by the capacity of
TLR3 to promote the secretion of IP-10 or and to induce the
expression of ‘very late antigen-40 (VLA-4, a heterodimer of a4
and b1 integrins) on CTLs75 a change that augments the
tropism of CTLs for the central nervous system.76 In another
model, TLR3 agonists could electively break tolerance against

a transgenic liver antigen through the secretion of CXCR3
ligands by hepatocytes.77 These examples illustrate how TLR
ligands can stimulate immune responses.

Counter-Balancing the Immune System

Microenvironment. The tumor microenvironment is a
complex system of many cell types including endothelial
cells, their precursors, pericytes, smooth muscle cells,
fibroblasts, myofibroblasts, immune effector cells (granu-
locytes, T-, B-, NK-cells, APC, macrophages) and regulatory
immune cells.78 Whereas normal stroma can delay or
prevent the development of tumors, abnormal stroma built
up in a chronic inflammatory context can promote tumori-
genesis. Tumor cells have the ability to hijack resident tissue
cells for their autonomous proliferation and invasiveness
through enforced inflammatory processes.79–82 In this
proinflammatory milieu, multiple cytokines are released by
tumor, stromal or immune cells that can either enhance or
inhibit tumor growth.83 Briefly, most cytokines that promote
inflammation also support tumor proliferation. Interfering
with NF-kB kinase/NF-kB (IKK/NF-kB) signaling pathway in
tumors could counteract the tumor-supporting effects of
inflammatory cytokines and confer sensitivity to apoptosis
inducers.84,85 In contrast, TRAIL, IL-10 and transforming
growth factor-b interfere with tumor growth83 but are also
deleterious for antitumor immune responses.

The regulatory arm of the immune system. Tumor cells
may employ several mechanisms to escape the immune
control, for instance by directly elaborating
immunosuppressive pathways or by subverting host DC.
The signaling through oncogene products contributes to
tumor immune evasion by inhibiting DC differentiation and
maturation.86,87 In particular, signal transducer and activator
of transcription 3 (STAT3) is frequently activated in cancers
and mediates immune suppression by inhibiting the
expression of proinflammatory chemokines and cytokines
required for DC maturation.88 In addition, STAT3 activation in
tumor cells promotes STAT3 activation in DC and blunts their
functions89 as well as the migration of immune effectors into
tumor beds. Independently, tumor cells could also express
PD-L1/B7-H1, B7-H4 or IDO (indolamine 2,3-dioxygenase)
which induce anergy or apoptosis of tumor-specific T
cells.90,91 It has also been proposed that membrane bound
or soluble NKG2D ligands could inhibit the T and the NK cell
arm of antitumor immune responses.92–94 These pathways
might cooperate to promote the emergence of suppressor
cells such as regulatory CD4þCD25þ Foxp3þ T cells (Treg),
IL-10 producing Tr1 cells, myeloid suppressor cells, M2
macrophages or tolerogenic DC.40,95 Moreover, elevated
proportions of CD25þCD4þ Treg among circulating or tumor
infiltrating CD4þ T cells have been associated with tumor
aggressiveness or progression,40,96,97 in models such as
NSCLC and ovarian cancer,98,99 or pancreas and breast
adenocarcinoma.100 Treg proliferation could be induced by
tolerogenic DC secreting transforming growth factor-b.101

Treg secrete large amounts of IL-10 and transforming growth
factor-b, two cytokines that could participate in the inhibition
of T and NK cell responses.102–104
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Concluding Remarks

The complete and permanent success of cancer therapy
depends on the targeting of all tumor cells including cancer
stem cells and micro-metastases. Removal of the tumor
(surgery, chemotherapy, radiotherapy) should be escorted by
a systemic immune response. We propose that ‘immunogenic
chemotherapy’ could help unifying two principles in one, tumor
cell attack and induction of protective antitumor immunity. The
‘eat-me’, ‘danger’ and ‘killing’ signals delivered by stressed
tumor tissues under the pressure of cytotoxic compounds or
immunity may serve as links between the chemotherapy-
elicited response of tumor cells and subsequent immune
responses. Future therapeutic strategies may envision multi-
modal combination therapies that include immunogenic
cytotoxic treatment, as well as immunostimulants (or inhibi-
tors of immunosuppressant). It is our intuition that the
simultaneous application of agents that exert direct cytotoxic
(but immunogenic) effects of tumor cells with agents that favor
the immune response would exhibit a synergistic anticancer
efficacy. Future clinical studies will tell whether this promise
comes true.
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