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Host immunity plays a central and complex role in dictating tumour pro-

gression. Solid tumours are commonly infiltrated by a large number of

immune cells that dynamically interact with the surrounding microenviron-

ment. At first, innate and adaptive immune cells successfully cooperate to

eradicate microcolonies of transformed cells. Concomitantly, surviving

tumour clones start to proliferate and harness immune responses by specifically

hijacking anti-tumour effector mechanisms and fostering the accumulation of

immunosuppressive immune cell subsets at the tumour site. This pliable inter-

play between immune and malignant cells is a relentless process that has been

concisely organized in three different phases: elimination, equilibrium and

escape. In this review, we aim to depict the distinct immune cell subsets and

immune-mediated responses characterizing the tumour landscape throughout

the three interconnected phases. Importantly, the identification of key

immune players and molecules involved in the dynamic crosstalk between

tumour and immune system has been crucial for the introduction of reliable

prognostic factors and effective therapeutic protocols against cancers.
1. Immunity and cancer: from immunosurveillance
to immunoediting

The contribution of the immune system in shaping tumour outcome has been

accepted since the late 1950s, when Lewis Thomas and Frank Macfarlane

Burnet proposed the concept of cancer ‘immune surveillance’ [1–3]. According

to this model, the immune system is able to limit tumour growth by recognizing

antigens expressed on cancer cell precursors and killing them before they

become clinically evident, in a process similar to homograft rejection. Indeed,

the high probability of genetic mutations in somatic cells of large long-lived

animals may be responsible for the genetic alterations characterizing the precur-

sors of malignant cells; consequently, the existence of a mechanism to eliminate

these dangerous mutants should be considered an evolutionary necessity for

survival [1]. Despite the paucity of data demonstrating efficient immunological

eradication of premalignant lesions in vivo, overwhelming evidence supports

the cancer immune surveillance hypothesis [4]. Severe primary immunodefi-

ciencies in humans, as common variable immunodeficiency, are associated

with increased incidence of lymphomas as well as stomach, breast, bladder

and cervical cancers [5–8]. Similarly, immunodeficient HIV-infected patients

show elevated incidence of tumours associated with oncogenic viruses, such

as the HHV8-related Kaposi sarcoma, EBV-related Hodgkin’s and non-Hodg-

kin’s lymphoma, HPV-associated cervical cancer and HBV/HCV-related

hepatocarcinoma [4]. Notably, although most of the tumours raised in HIV

patients seem to be a secondary event of reduced antiviral immunity, CD4þ

T-cell counts in peripheral blood of HIV-infected individuals inversely correlate

with increased cancer risk also for tumours unrelated to viral infections, thus

supporting the association between tumour onset and immunosuppression.

Moreover, several large cohort studies reported that patients subjected to
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chronic immunosuppressive therapies to prevent trans-

planted organ rejection show higher risk for lymphomas as

well as other epithelial cancers affecting colon, larynx, blad-

der, prostate and testis [9]. Several studies in animal models

clearly support the concept of cancer immune surveillance.

RAG22/2 mice lacking both T and B cells are more suscep-

tible to spontaneous and carcinogen-induced tumours [10].

Moreover, immunocompetent mice are able to rapidly reject

cancer cells expressing ligands that can trigger natural-killer

(NK) cells or cytotoxic lymphocytes [11,12].

To support the importance of T-cell immunity in control-

ling tumour progression, it must be anticipated that one of

the well-characterized mechanisms of cancer immune evasion

is to hijack CD8þ T-cell responses basically through the down-

regulation of major histocompatibility complex (MHC) class I

and the interference with antigen processing pathway in

tumour cells [13]. The majority of solid tumours are infiltrated

by a large variety of immune cells including CD3þ T cells (both

CD4þ helper and CD8þ cytotoxic T cells) and NKp46þ NK

cells [11,12,14]. Although T and NK cells recruited to the

tumour generally show inefficient anti-tumour activity

because of the hostile microenvironment created by malignant

cells (see below), the quality and quantity of immune infiltrate

at the tumour site has been accepted as a prognostic marker of

disease progression. In line with this, a revolutionary achieve-

ment in the field was the definition of cancer ‘immunoscore’.

In 2006, Galon et al. [14] provided evidence that the immune

contexture in human colorectal cancers acts as a solid predictor

of patient clinical outcome. More precisely, the authors discov-

ered that lower incidence of tumour recurrence correlates with

intratumoural infiltration of T cells polarized towards a cyto-

toxic immune response [14]. Nowadays, these observations

have been extended to a large variety of human cancers thus

appointing the intratumoural infiltration of T lymphocytes

as a reliable prognostic indicator for patient outcome [15].

Although these facts strongly suggest a positive role of

the immune response in controlling tumour progression, by

killing specific cancer cells and shaping the tumour micro-

environment, the immune system has a complex impact on

cancer development. Initially developed by Dunn et al. [16],

the theory of ‘immunoediting’ emphasizes the dual role of

the immune system in tumour progression, defining the

interaction between immune and malignant cells as a very

fine dynamic interplay, characterized by three different

phases: elimination, equilibrium and escape. During the elimin-

ation phase, immune cells recruited to the tumour try to

mount an efficient anti-tumour immune response to eradicate

microcolonies of malignant cells; then, in the so-called equili-

brium phase, a fragile dynamic balance between tumour

containment (through killing of specific cancer cells expres-

sing antigens or lacking mechanisms to inhibit cytotoxic

responses) and selective immune pressure (survival of

cancer cells that are resistant to immune responses) is estab-

lished; finally, during the escape phase, cancer cells take

advantage of their key feature of genetic instability to over-

come the immune pressure, and the selected tumour clones

are able to elude immune response and successfully progress

even in an immunocompetent environment [17]. Importantly,

throughout the three intertwined phases, different immune

cell subsets from both the innate and adaptive immune com-

partments reach the tumour microenvironment, displaying

opposite functions as cancer progresses (figure 1) [18].
2. Different immune cell subsets dictate
the immunoediting process

2.1. Immune cells in the elimination phase
First evidence for the elimination phase of cancer immuno-

editing in humans derives from the identification of clonally

expanded T cells in patients with spontaneously regressed mel-

anoma [19,20]. However, although T-cell infiltration has been

observed in many human tumours and has been shown to

positively correlate with good prognosis in patients with

melanoma, breast, ovarian and colorectal cancer [14,21], their

anti-tumour efficacy is very limited. It has indeed been demon-

strated that tumour-infiltrating CD8þ T cells have impaired

cytokine production and proliferation when isolated and cul-

tured ex vivo; however, these detrimental features are easily

and reversibly abrogated upon restimulation in vitro [22,23].

Moreover, developing tumours generally show a downregula-

tion of the MHC class I expression at the cell surface, thus

affecting the ability of CD8þ cytotoxic T lymphocytes to recog-

nize the malignant cells [24]. Notably, the expression of specific

cytokeratins, such as CK18 and its heterodimeric partner CK19,

in metastatic carcinoma cell lines has been reported to inhibit

interactions between the T-cell receptor (TCR) on CD8þ T

cells and MHC I by masking the contact motif region [25]

(figure 1a). Additionally, downregulation or loss of human leu-

cocyte antigen HLA class I molecules have been reported for

several epithelial cell cancers and melanoma [26] and it has

been associated with an increased propensity for regional

lymph-node metastasis [27]. Similarly, it has been documen-

ted that during the development of colorectal carcinoma,

malignant cells progressively downregulate many proteins

involved in antigen processing and presentation, as the

transporter associated with antigen processing (TAP1), low-

molecular-mass proteins 2 and 7 (LMP2, LMP7) and tapasin

[28] (figure 1a). Nevertheless, developing cancers secrete

type I interferon (IFN) that may promote the accumulation of

efficient dendritic cells (DCs) within the tumour micro-

environment. Specifically, it has been demonstrated that the

conditional deletion of genes involved in type I IFN recep-

tor (IFNR) signalling in the CD8aþ DC compartment

significantly affects CD8þ T-cell priming and tumour rejection

[29–31], thus ascribing to CD8aþ DCs a crucial role in anti-

tumour immunity (figure 1b). Besides type I IFN, tumour

lesions also produce high amounts of vascular endothelial

growth factor (VEGF), interleukin-6 (IL-6), interleukin-10

(IL-10), transforming growth factor-b (TGF-b), macrophage

colony-stimulating factor (M-CSF), cyclooxygenase-2

(COX-2) and gangliosides, which can impair the differen-

tiation, maturation and function of DCs [32] (figure 1b).

Apart from functional DC subsets such as CD8aþ DCs, within

the tumour microenviroment dysfunctional or tolerogenic DCs

such as plasmacytoid DCs (pDCs) have been observed. pDCs

collected from tumours show high expression of immunosup-

pressive molecules such as the indoleamine-2,3-dioxygenase

(IDO) enzyme, programmed death-ligand 1 (PD-L1) [33],

IL-10 and FAS ligand [34–36], by which pDCs can induce apop-

tosis or anergy of activated T cells or their conversion in

regulatory T cells (Tregs) (figure 1c) [37,38].

In addition to the most frequent ab T cells, T cells expres-

sing gd TCR (gd T cells) have been implicated in anti-tumour

immune surveillance [39]. Representing only the 5% of total
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Figure 1. Immune cells contributing to the tumour editing. At the tumour site, the dynamic interplay between immune and malignant cells is characterized by
three different phases: elimination (left), equilibrium (middle) and escape (right) [16]. Immune players dictating the three interconnected phases are indicated with
lower case labels in the figure and throughout the text.
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CD3þ cells in peripheral blood, gd T cells do not generally

express CD4 or CD8 markers and importantly do not require

MHC antigen presentation [40]. They produce a variety of che-

mokines and cytokines, such as perforin–granzyme, tumour

necrosis factor (TNF) and tumour necrosis factor (TNF)-related

apoptosis-inducing ligand (TRAIL) and IFN-g [41–43], by

which they are able to inhibit tumour growth and block

angiogenesis. Additionally, gd T cells have been reported to

induce tumour killing of FAS- and TRAIL-receptor-sensitive

cancers [44–46] to enhance the antibody-dependent cellular

cytotoxicity (ADCC) (figure 1d ) [44–48].

In the absence of MHC class I molecules, an efficient

anti-tumour response can be exerted by NK cells, innate lym-

phocytes that preferentially kill virus-infected cells as well as

cells lacking MHC class I antigen expression. NK cell anti-

tumour activity is mediated by either a perforin-dependent
cytotoxicity [49] or by the secretion of TRAIL, triggering

tumour cell lysis [50]. All NK cells and some T cells express

on the cell surface the NK group 2 member D (NKG2D) acti-

vating receptor which recognizes molecules present on

transformed cells [51]. NKG2D ligands, including MHC

class I polypeptide-related sequence A (MICA), MHC class

I polypeptide-related sequence B (MICB) and six different

UL16-binding proteins (ULBP) in humans [52], and the

UL16-binding protein MULT1, RAE-1 and H60 proteins in

mice [53], have been reported to be upregulated in normal

cells after exposure to ionizing radiation and UV light, thus

suggesting a crucial role in alerting the immune system of

the presence of potentially dangerous cells [54]. These find-

ings have been also supported by in vivo studies showing

that the injection of cancer cells transfected with the

NKGD2 ligands RAE-1 and H60 results in a rapid rejection
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of the tumour by NK and CD8þ T cells [11,55]. This notwith-

standing, downregulation of MICA/MICB has been observed

in stem-like breast cancer cells, due to the altered expression

of the oncogenic microRNA miR20a [56]. Importantly, in

hypoxic conditions typical of tumour lesions, cancer cells

upregulate the expression of disintegrin and metalloprotei-

nase containing-domain 10 (ADAM10), which has been

reported to cleave MICA/MICB from cell surface of prostate

and breast cancer cell lines, thus contributing to impair NK

cell-mediated tumour cell elimination (figure 1e) [57].

Among the mechanisms to avoid NK cell-mediated

killing, cancer cells can integrate MHC class I containing

vesicles released from platelets into their own cell membrane

[58]. Further, tumour cells may express the non-canonical

MHC molecule HLA-G. HLA-G is expressed in human tro-

phoblasts and plays a crucial role in protecting the placenta

from rejection [59]. HLA-G negatively affects immune cell

functions by binding different receptors on different cell

subsets, including the killer-cell immunoglobulin-like recep-

tors KIR, expressed on NK cells, and CD8, expressed

on cytotoxic T cells [60–62]. Not surprisingly, HLA-G

expression, which has been observed in melanoma, glioma,

breast, lung and ovarian cancer, is associated with poor

patient survival [60–67] and plasma levels of soluble HLA-

G, secreted by tumour cells as a result of alternative splicing,

have been shown to correlate with the presence of circulating

tumour cells and disease progression (figure 1f ) [68].

Lastly, a relevant role in tumour immune surveillance

has been documented also for NKT cells (NKT) [69]. NKT

cells express a TCR but, differently from conventional

T cells, which require antigen presentation by MHC

molecules, they recognize lipid antigens presented by the

non-polymorphic MHC class I-like CD1d molecules [70,71]

and show cytotoxic activity. Thus, sharing features with both

NK cells and T cells, they represent the bridge between the

innate and adaptive immunity. NKT cells have been intrigu-

ingly reported to inhibit tumour growth in several murine

studies, including a p53-deficiency model and a TRAMP

model [72,73]. Notably, once activated, they are able to

hinder cancer growth either directly or indirectly. Indeed,

NKT cells are able to directly kill tumour cells by an NK-like

effector mechanism, based on perforin and granzyme B cyto-

toxicity [74,75]. Additionally, by releasing a huge plethora of

cytokines, including primarily IFNg and IL4, followed by

IL2, IL5, IL6, IL10, IL17, IL21, TNFa, TGFb and GM-CSF

[76], NKT cells are indirectly involved in inhibiting tumour

angiogenesis [77] and enhancing antigen-specific immune

responses, by the induction of dendritic cell maturation and

B-cell activation (figure 1g) [78]. The reduction of circulating

NKT cells has been proposed as an independent predictor of

poor overall survival and disease-free survival in patients

with head and neck squamous cell carcinoma [79]; similarly,

high NKT cell infiltration of primary colorectal carcinomas

has been considered an independent prognostic factor for

both overall survival and disease-free survival [80].

Nonetheless, although CD1d expression has been docu-

mented in several solid tumours, such as prostate and

breast cancers, renal cell carcinoma, malignant glioma and

paediatric medulloblastoma [69], a significant reduction of

number [81] and function [82] of peripheral blood NKT

cells was found in patients with progressive multiple myel-

oma, prostate cancer and other solid malignancies [69], thus

indicating the induction of tumour immune escape.
2.2. Immune cells dictating the equilibrium phase
The equilibrium phase or, as properly suggested, the cancer

immune equilibrium [83], represents a critical step of cancer

immunoediting. At this stage, tumour clones that elude and

survive the elimination checkpoint coexist with host immune

cells in a dynamic equilibrium. The precise mechanisms dic-

tating the duration and progression of this complex phase

remain largely unknown and, for long time, a foremost

question in the field was whether or not this phase de

facto exists. Until recently, a major limit to address this

inquiry was the lack of mouse models to experimentally

investigate this condition. In 2007, a seminal study by

Koebel et al. [84] unequivocally confirmed the occurrence

of the equilibrium phase in immunocompetent hosts, high-

lighting the mechanisms by which the immune system

might control cancer growth and coincidently sculpt

tumour immunogenicity. Indeed, by using a mouse model

of primary chemical carcinogenesis, authors showed that

the ablation of specific cellular subsets orchestrating adap-

tive immunity enables the outgrowth of ‘dormant’ tumour

clones, which could be restrained by effective immune

responses [84].

Later on, additional investigations in different murine

models supported the notion that host immunity represents

an effective weapon controlling occult tumours [85]. None-

theless, former evidence that a competent immune system

could maintain tumours in a ‘dormant’ state was provided

by clinical observations of transplantation of latent tumour

cells in organ donors into immunosuppressed hosts [86]

and by pioneering studies on leukaemia–lymphoma cell

transplantation in pre-immunized mice [87,88]. At first, the

equilibrium phase paralleled the old concept of ‘tumour

dormancy’, where quiescent cancer cells silently survive

throughout the body for a long period before growing to

form full-blown tumours, in a phenomenon defined as

cancer relapse [89]. A similar condition is represented by

the appearance of the minimal residual disease in both

haematopoietic and solid tumours. It has been documented

that circulating, disseminated tumour cells still survive in

cancer patients who are free of disease recurrence for more

than 20 years [90]. Nonetheless, the equilibrium state goes

beyond the traditional concept of tumour dormancy as it

always refers to an undefined but long-lasting phase in

which host immunity relentlessly blocks the outgrowth of

latent tumour clones. Different scenarios characterize this

process; indeed, on the one hand, it is possible that rare

tumour cells remain completely quiescent for several years,

being constantly eliminated by the immune system; on the

other, the durable interplay between host immune cells and

proliferating tumour clones ultimately establishes a selective

pressure that sculpts tumour immunogenicity. Only tumour

cells that become phenotypically irrelevant for adaptive

immunity can successfully evade the immune surveillance,

progressively originating visible tumours [91].

As mentioned before, several events occurring in the equi-

librium phase still remain mechanistically unresolved and

temporally undefined; even more importantly, a burning

issue to be addressed is how and when the balance between

tumour cell growth and immune cell control gets broken.

To delve into the question, we need first to analyse which

are the molecular and cellular determinants that uphold

cancer immune equilibrium.
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According to Dunn and colleagues, host immunity differ-

entially participates to cancer immunoediting, with both

innate and adaptive immunity playing crucial roles in the

elimination and escape phases, but only the adaptive

immune cell subsets involved in maintaining the equilibrium

framework [16,84]. Tumour-infiltrating lymphocytes (TILs)

play a pivotal role in controlling cancer cell growth by

actively promoting tumour dormancy [92]. As previously

mentioned, high numbers of CD8þ cytotoxic T lymphocytes

and CD45ROþ memory T cells within the primary tumour

lesion remarkably correlated with positive clinical outcome

in different cancers [93]. In addition to the number and

type of tumour-infiltrating immune cells, an important

factor conditioning the control of tumour growth is their rela-

tive positioning within the neoplastic mass. Indeed, usually

TILs efficiently infiltrating the tumour core display pro-

ductive anti-tumoural responses, thus sustaining the

elimination phase; on the other side, lymphocytes that are

trapped at the periphery do not always exert anti-tumoural

activity (figure 1h) [93,94].

By analysing tumour relapse in 18 acute myeloid leuk-

aemia paediatric patients in remission, Montagna et al. [95]

documented the presence of anti-tumour cytotoxic T cells

(CTL) in the peripheral blood of children who did not experi-

ence tumour relapse, whereas relapsing patients did not

present circulating anti-tumour CTL. Indeed, T lymphocytes

play a leading role in the achievement and maintenance of

this ‘equilibrium’ condition. Interestingly, the bone marrow

represents an elective site for quiescent tumour cells and

for the maintenance of anti-tumour memory T cells [96].

By using an athymic mouse model, challenged with

Gal-expressing tumour cells and subsequently transferred

with Gal-specific CD8þ T cells, it has been shown that the

bone marrow acts as an active reservoir of tumour-associated

antigens, derived from dormant tumour cells (figure 1i).
Tumour antigens at this site promote the survival of

tumour antigen-specific memory T cells over irrelevant

memory T cells [96]. Clinical observations further confirmed

this evidence: breast cancer patients having cells positive

for the tumour marker cytokeratin in the bone marrow

showed a higher proportion of CD4þ and CD8þ memory

T cells compared with healthy subjects [97].

TILs comprise distinct cell subsets, including CTLs, T

helper 1 (Th1), T helper 2 (Th2), T helper 17 (Th17), Treg,

gdT cells, NK and NKT cells, that actively mould the

tumour microenvironment. Nonetheless, although their role

has been exhaustively investigated in both the elimination

and the escape phases, their specific contribution to the estab-

lishment and maintenance of cancer equilibrium is not clear.

A recent report [98] investigated this issue by analysing the

percentage of different immune cell populations among

TILs in either dormant or progressive sarcoma in a mouse

model. Data from this study suggested that the intratumoural

and splenic accumulation of CTL, NK and gdT cells, with a

low percentage of NKT cells and a normal/low percentage

of splenic and intratumoural Treg cells may represent

robust prognostic markers for immune-mediated dormancy

in mouse sarcomas [98].

Cytokines play an important role in regulating cancer

and immune cell dynamics in the equilibrium phase. An ele-

gant study from Teng et al. [99] showed that in neoplastic

lesions, induced by low-dose regimen of methylcholanthrene,

a prolonged equilibrium state could be maintained by the
concurrent activity of the cytokines IL-23 and IL-12, with

the former promoting cancer survival and the latter

inhibiting cancer outgrowth (figure 1j ).
Clinically, the equilibrium phase represents an attractive

target to be investigated: it is in this temporal window that

tumour cells undergo fine editing processes based on both

genetic and epigenetic changes, ultimately making them

immuno-silent clones. On the other hand, at this stage the

host immune system still preserves the ability to stem

cancer cell outgrowth. The identification of the distinct

elements promoting or breaking this equilibrium may pave

the way for the definition of novel targetable checkpoints.

2.3. Immune cells responsible for the tumour escape
Since growing tumours represent persistently damaged tis-

sues, a common feature of all cancers is the establishment

of a chronic inflammatory microenvironment, consisting of

a multitude of chemical signals and different corrupted

resident or purposely recruited immune cells crowding the

tumour to heal the injury [100]. Smouldering inflammation

has been so far associated with increased risk for many

types of cancer, including bladder, cervical, gastric, intestinal,

oesophageal, ovarian, prostate and thyroid cancer [101].

Although the different number, type and location of

tumour-infiltrating immune cells reflect peculiar biological

aspects of individual cancers, the most represented immune

cells accumulated at the tumour mass share a myeloid origin,

and include macrophages, granulocytes and myeloid-derived

suppressor cells (MDSCs), which are generated from bone

marrow as a consequence of a cancer-induced abnormal

myelopoieis [102,103].

Macrophages flocked to the tumour, the so-called tumour-

associated macrophages (TAMs), are generally recruited by

the activation of CSF1R by CSF-1 or IL-34, as well as by the

chemokine CCL2 [104]. Macrophages have been shown to be

able to eliminate malignant cells exploiting multiple killing

mechanisms. Indeed, macrophages can release apoptosis-

inducing soluble factors, such as nitric oxide (NO) and

TNFa [104–107], exert phagocytosis based on the expression

of signal molecules on the surface of tumours cells, such as

phosphatidylserine and calreticulin, and clear viable anti-

body-coated tumour cells [108]. However, tumour cells

escape macrophage killing through the upregulation of the

‘don’t eat me’ signal CD47 [109], which is a ‘self’ integrin-

associated protein expressed by healthy cells which binds to

the signal regulatory protein a (SIRPa) on macrophage cell

surfaces to inhibit phagocytosis (figure 1k) [110].

According to their activation state, macrophages have

been historically classified in two functionally polarized

states: classic M1 or alternative M2 macrophages [111]. IFN-

g represents the prevailing cytokine associated with M1

cells, which are commonly induced during bacterial or viral

infections to promote the inflammatory responses against

pathogens. On the other side, the M2 subset includes macro-

phages that have been exposed to IL-4, IL-10, IL-13 and

glucocorticoid hormones, have an anti-inflammatory pheno-

type, and participate in tissue regeneration [111]. Within the

tumour microenvironment, M1 macrophages express high

levels of IL-12 and low levels of IL-10 and are tumouricidal;

on the other hand, M2 macrophages secrete high levels of

IL-10 and low levels of IL-12, display poor antigen presenting

capacity, and promote angiogenesis, tumour invasion and
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metastasis [112–114]. TAMs generally resemble functional

features typical of the M2 anti-inflammatory phenotype;

nonetheless, they can also secrete pro-inflammatory cyto-

kines, such as IL-6, that are involved in oncogenic

programmes during tumour development [115]. It is impor-

tant to note, however, that the M1/M2 classification is a

schematic under-representation of a complex functional spec-

trum acquired by macrophages in response to environmental

as well as tumour-derived stimuli [116]. Thus, TAMs rep-

resent a cell population characterized by plasticity and

capable of rapidly shaping its phenotype and activity in

response to tumour environmental cues. Indeed, during

tumour progression, TAMs functionally switch from an M1-

polarized state, which initially orchestrates the immune

responses against cancer cells, to an M2-like phenotype,

which oppositely sustains tumour progression [115].

TAMs suppress anti-tumoural adaptive immunity acting

on the intratumoural IL-10/IL-12 balance, critical for priming

T-lymphocyte responses [117,118], and secreting an array of

cytokines and chemokines involved in development and

recruitment of immunosuppressive immune cells, such as

Tregs, immature DCs and MDSCs (see below) [119].

Similarly to macrophages, tumour-associated neutrophils

(TANs) have been shown to shift from an anti-tumoural N1

phenotype to a pro-tumoural N2 phenotype after TGF-b

exposure, which is frequently secreted by cancer cells [120].

Several reports have shown that TANs secrete MMP2,

MMP9, oncostatin M, VEGF, Bv8 and hepatocyte growth

factor, thus sustaining extracellular matrix remodelling,

tumour invasion and angiogenesis [121–123]. Importantly,

the presence of neutrophils has been reported to correlate

with reduced survival in head and neck and breast cancer

patients [124]. In mouse models of cancer, neutrophils have

been shown to play a critical role in driving tumour cell dis-

semination and metastasis, acting as a bridge to facilitate

interactions between cancer cells and metastatic sites; this

process seems to be driven by ICAM-1 and CD44v, expressed

on cancer cells and their molecular partners MAC-1 and

L-selectin, respectively, expressed by neutrophils [17].

Additionally, several studies reported that neutrophils can

exploit the NETosis process, by which they generally entrap

microbes during sepsis [125], to sustain cancer cell dissemina-

tion and metastasis, facilitating the adherence of cancer cells

to blood vessels and their extravasation into target organs

(figure 1l) [17,126,127].

The accumulation of MDSCs within the tumour microen-

vironment is a process common to both mouse and human

tumour development [128]. MDSCs are generally defined

as a heterogenous population of myeloid cells, including

different subsets of myeloid cells at different stages of matu-

ration, with an extraordinary ability to suppress T-cell

responses [129]. Although sharing some features with mono-

cytes (M-MDSCs) or neutrophils (PMN-MDSCs) [102,130],

MDSCs differ from mature myeloid cells in terms of pheno-

type [131] and activity (reviewed by Kumar et al. [128]).

Differently from TAMs and TANs, which may exert a dual

role in cancer progression, the key feature of MDSCs relies

on their immunosuppressive capacity, and therefore these

cells play a negative role in the fight between the immune

system and tumours.

Expansion of an immunosuppressive MDSC population

is frequently observed in human cancers as well as in many

other pathological conditions and is the result of several
different factors (reviewed in [132]). Cytokines, prostaglan-

dins and other factors produced mainly by tumour cells

stimulate myelopoiesis and, at the same time, inhibit the

differentiation of mature myeloid cells, thus promoting the

expansion of MDSC. The second group of factors is produced

mainly by activated T cells and tumour stroma, and is

involved in directly activating MDSCs [132]. MDSCs gener-

ated in the bone marrow migrate into the tumour and

peripheral lymphoid organs, mainly attracted by the chemo-

kines CCL2 and CCL5, and receive stimuli that activate their

immunosuppressive properties (figure 1m) [133].

The immunosuppressive properties of MDSCs involve

multiple mechanisms. First, MDSCs induce the activation

and expansion of regulatory T-cell (Treg) population, promot-

ing antigen-specific natural Treg clonal expansion and naive

CD4þ T-cell conversion into induced Tregs by a mechanism

that requires tumour-associated antigen capture, processing

and presentation by MDSCs themselves [134]. Additionally,

it has been reported that intratumoural MDSCs directly

mediate the CCR5-dependent recruitment of Tregs by the

secretion of CCL3, CCL4 and CCL5 chemokines [135].

The second immunosuppressive mechanism is based on

depletion of nutrients required by lymphocytes (i.e. cysteine,

arginine and tryptophan [136] depletion through arginase-1

(ARG1)-dependent consumption), which causes TCR

d-chain downregulation and the proliferative arrest of anti-

gen-activated T cells [137]. Moreover, MDSCs interfere with

lymphocyte trafficking and viability by expressing at the

plasma membrane ADAM17, which cleaves key proteins

for T-cell recirculation to lymph nodes, and galectin-9

(GAL-9), which induce T-cell apoptosis. Finally, MDSCs pro-

duce reactive oxygen species (ROS), nitric oxide (NO) and

other reactive nitrogen species (RNS) by the synergistic

activity of ARG1, iNOS and NADPH oxydase enzymes

[102]. While arginase hydrolyses arginine into ornithine and

urea, iNOS oxidizes arginine to citrulline and produces NO.

Importantly, NO produced by iNOS may rapidly react with

ROS within the tumour lesion and thus produce RNS, such

as peroxynitrite, that are very toxic for many cells, and in par-

ticular for T cells. Peroxynitrite induces apoptotic cell death

in lymphocytes by interfering with protein tyrosine phos-

phorylation via nitration of tyrosine residues [138] or by

nitrating the voltage-dependent anion channel, a component

of the mitochondrial permeability transition pore [139]. RNS

affect T-cell recognition of tumour antigens in several ways:

by interfering with antigen processing and presentation or

by inhibiting T-cell activation [140]. Indeed, persistent

exposure to RNS modulates the expression and signalling

properties of several T-cell proteins, including the CD3z

chain of the TCR complex [138,141,142]. Intriguingly,

RNS can induce post-translational modifications, such as

nitration and nitrosylation, of chemokines and chemokine

receptors, thus blocking T-cell recruitment, promoting local

immune dysfunction and preventing effective response

(figure 1m) [94].

In addition to these mechanisms that require the direct

action of immunosuppressive immune cells, cancer cells can

directly target anti-tumour immune response by the release

of immunosoppressive exosomes. Exosomes are small (30–

150 nm) extracellular vesicles shuttling proteins and nucleic

acid, mainly mRNAs and miRNAs [143]. Tumour exosomes

(TEXs) have been identified in tumour tissues and in the

serum of cancer patients, and have been shown to affect
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tumour immunity [144]. Although TEXs do not appear to be

rapidly internalized by T cells, they can deploy several inter-

fering mechanisms to either directly or indirectly hamper

anti-tumoural immune response. TEX-driven direct suppres-

sion of immune cells is generally the result of an apoptotic

process, triggered by FASL and PD-L1 [145,146]. Moreover,

it has been demonstrated that TEXs affect CD3z chain

expression and push T cells towards a Th2 phenotype, by

triggering NF-kB and STAT3 activation [143]. TEXs can also

inhibit NK cell cytotoxicity, impair monocyte differentiation,

favour MDSC differentiation and enhance Treg induction

within the tumour microenvironment [147–149]. This is

also mediated by transfer of miRNAs such as miR-21,

miR146-a, miR-155 and miR-568 that affect the differentiation

and functions of immune cells (figure 1n) [143].
 :170006
3. The era of cancer immunotherapy
The deeper understanding of the crucial role of immune

system in either blocking or sustaining tumour progression

has prompted the development of various immunotherap-

eutic approaches against cancer. Basically, the concept of

cancer immunotherapy is to boost host immunity against

cancer cells and, at the same time, to block corrupted

immune elements responsible for promotion of tumorigen-

esis. Over the last few decades, several immunotherapeutic

strategies have been proposed and tested in both preclinical

animal models and clinical settings [150]. Among them,

the most successful protocols appeared to be cancer vacci-

nation, adoptive cell therapy (ACT) and the targeting of

immune checkpoints.

Cancer vaccines are mainly based on the stimulation of

anti-tumour immune responses induced by tumour antigens.

Several clinical trials have been successfully conducted for

the treatment of premalignant lesions or for the prevention

of recurrences after treatment of the primary malignancies

[151,152]. One the most promising protocols for the treatment

of established cancers consists in the administration of Sipu-

leucel-T, a cancer vaccine based on pulsing of autologous

APC with a chimeric protein composed of phosphatase acid

prostatic protein fused to GM-CSF, which has been successful

in metastatic, castration-resistant prostate cancer patients

[153]. However, a major drawback in the vaccination

approach relies on the persistence of immune cell suppression

despite the exogenous immunization. Therefore, combinator-

ial strategies consisting of vaccination supported by other

immune boosting approaches, such as ACT and immune

checkpoints blockade, have been developed for cancer

treatment [154–158].

Specifically, ACT is based on the ex vivo isolation and IL-2

sustained expansion of antigen-specific T cells for adoptive

transfer back to patients [159–161]. One common strategy

of ACT presupposes the isolation of autologous T cells infil-

trating the tumour, in order to activate them ex vivo and

reinfuse them into the patients [162]. A more efficient ACT

strategy exploits the opportunity of genetically engineering

autologous T cells with lentiviral or retroviral tools to express

specific tumour-associated antigen-recognizing TCR [160].

However, although clinical success has been reported for

haematologic malignancies and melanoma, the efficacy of

ACT in the treatment of solid tumours has been very limited

so far, because of the very low persistence and functionality
of engineered T cells in vivo [163]. The expression of chimeric

antigen receptors (CARs), constituted by an antigen-binding

domain, usually a single-chain variable fragment (scFv),

fused with an intracellular T-cell signalling domain such as

CD3-z and one or two co-stimulatory domains, represents

another very promising immunotherapeutic approach [160].

A very recent report [164] showed objective regression of

lung metastasis after the infusion of CD8þ cells, isolated

from biopsies of a metastatic colorectal patients and targeting

a specific G12D KRAS mutation. Notably, the treatment with

CD8þ cells targeting mutant KRAS has been successful

against a cancer that expressed both the specific G12D

mutation and the HLA-C*08:02 restriction molecule, thus

providing key evidence of the importance of HLA molecule

downregulation for tumour immune evasion [164]. An

important issue to be considered for cancer immunotherapy

is that transferred T cells do not efficiently reach the

tumour core because of the hostile, immunosuppressive

microenvironment and that administration of molecules

interfering with the mechanisms responsible for tumour-

induced immunosuppression, such as RNS production or

CSF-1 signalling, may improve the efficacy of ACT [94,165].

The need for alternative strategies aimed at interfering with

the negative regulators of anti-tumour immunity prompted

the development of immune checkpoint blocking agents,

such as monoclonal antibodies against key immunosuppres-

sive molecules including cytotoxic T-lymphocyte antigen 4

(CTLA-4) and programmed cell death protein-1 (PD-1).

Specifically, the first immune checkpoint receptor to be clini-

cally targeted was CTLA-4, a type 1 transmembrane

glycoprotein mainly expressed on activated T cells and

commonly upregulated to inhibit T-cell function, by compet-

ing for the binding of CD28 with B7 molecules [166,167].

Importantly, the two anti-CTLA-4 antibodies ipilimumab

and tremelimumab showed efficient and persistent clinical

response in several patients with advanced melanoma and

non-small-cell lung cancer [168]. Also, efficient antibodies

anti-PD-1 and PDL-1 have been developed and tested in sev-

eral malignancies [169]. The primary role of PD-1 is to inhibit

effector T-cell activity and enhance the function and develop-

ment of Tregs [170–172], by binding the PD-L1 and PD-L2

ligands, expressed on immune cells and several types of

solid tumours [173–175]. Different anti-PD-1 antibodies,

such as nivolumab and pembrolizumab, have demonstrated

efficacy in patients with advanced melanoma, non-small-cell

lung cancer, renal cell carcinoma and other solid tumours,

and have been approved for the treatment of advanced, meta-

static melanoma, lung cancer, metastatic renal cancer and

Hodgkin’s lymphoma [169]. Importantly, while CTLA-4

seems to regulate early T-cell activation, PD-1 inhibits effector

T-cell activity in the effector phase within tissue and tumours.

Nevertheless, despite documented clinical success of check-

point inhibitor blockade, more than 70% of cancer patients

remain resistant to these treatments. Importantly, recent

studies have demonstrated a crucial role for the gut microbiota

in promoting the efficacy of anti-cancer therapy, pinpointing

clinical strategies that may benefit from modulating the micro-

biota composition, such as cyclophosphamide, platinum salts,

as well as immune checkpoint inhibitor administration [176].

Indeed, the efficacy of cyclophosphamide is partly due to intes-

tinal bacteria, against which the host becomes immunized

during the treatment, accumulating anti-commensal effector

pTh17 and memory Th1 CD4þ T cells, which are necessary
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for the anti-cancer effect [177,178]. Further, the anti-tumour

efficacy of oxaliplatin has been demonstrated to depend

upon the priming of the myeloid cells by the gut microbiota

for the release of ROS that contribute to genotoxicity and

tumour reduction [179]. Finally, the success of CTLA-4 block-

ade has been shown to be facilitated by constituents of the

microbiota, especially certain Bacteroides spp. and Burkholder-

iales, which control tumour progression by stimulating Th1

immune responses during anti-CTLA-4 therapy [180,181].

Therefore, the development of novel anti-tumour combi-

natorial strategies that also promote the manipulation of

the microbiome towards a status that promotes immune-

mediated tumour control remains an urgent need for

biomedical researchers.
 l.7:170006
4. Conclusion
So far, evidence has shown that solid cancers are largely infil-

trated by immune cells capable of shaping tumour

progression [11,12,14]. Initially accepted in the late 1950s,

the theory of immune surveillance suggested a positive role

for the immune response in controlling tumour progression

by killing specific cancer cells [1]. However, the findings of

different immune cell subsets with opposite functions

within the tumour microenvironment supported the more

recent theory of immunoediting, which emphasizes the

dual role of the immune system in tumour progression.

According to this model, the interaction between immune

and tumour cells is a very fine dynamic interplay, character-

ized by three different intertwined phases: elimination,

equilibrium and escape [16]. During the elimination phase,

conventional T cells [14,21,93], gd T cells [39], NK [11,12]

and NKT cells [69] try to mount efficient anti-tumour
immune responses to kill malignant cells; however, they

have to face continuously changeable tumour clones able to

downregulate tumour antigens and MHC class I molecules.

Then, in the equilibrium phase, a fragile balance between

tumour containment and selective immune pressure by cyto-

toxic T cells and antigen-specific memory T cells is

dynamically maintained thanks to a peculiar cytokine

milieu [93,99,182]. Finally, during the escape phase, cancer

cells overcome the immune pressure and elude immune

response to successfully progress and eventually disseminate

throughout the body. This phase is characterized by the

involvement of immune cells of myeloid origin, such as

TAMs [112], neutrophils [120,124] and MDSCs [128,130]

that collectively suppress T-cell activity, sustain tissue remo-

delling and favour cancer progression and dissemination

[102]. Importantly, the identification of key immune players

and molecules involved in the dynamic crosstalk among

tumour and immune system has been crucial for the intro-

duction of reliable prognostic factors, such as the

immunoscore [14] and effective therapeutic protocols for

the treatment of specific tumours [153,164,168]. However,

deeper investigations of the signalling pathways regulating

the three immunoediting phases, and particularly the equili-

brium one, are still fundamental for the development of other

broader effective therapeutic strategies able to boost the

immune system against most cancers.
Competing interests. The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Funding. The authors wish to thank the European Union’s Seventh Fra-
mework Programme for research technological development and
demonstration under grant agreement no. 602363 and the ERC
Advance Grant under grant agreement no. 322823 to A.V.
References
1. Burnet FM. 1970 The concept of immunological
surveillance. Prog. Exp. Tumor Res. 13, 1 – 27.
(doi:10.1159/000386035)

2. Burnet M. 1957 Cancer: a biological approach. III.
Viruses associated with neoplastic conditions. IV.
Practical applications. Br. Med. J. 1, 841 – 847.
(doi:10.1136/bmj.1.5023.841)

3. Thomas L. 1982 On immunosurveillance in human
cancer. Yale J. Biol. Med. 55, 329 – 333.

4. Corthay A. 2014 Does the immune system naturally
protect against cancer? Front. Immunol. 5, 197.
(doi:10.3389/fimmu.2014.00197)

5. Kinlen LJ, Webster ADB, Bird AG, Haile R, Peto J,
Soothill JF, Thompson RA. 1985 Prospective study of
cancer in patients with hypogammaglobulinaemia.
Lancet 1, 263 – 266. (doi:10.1016/S0140-6736(85)
91037-2)

6. Mueller BU, Pizzo PA. 1995 Cancer in children
with primary or secondary immunodeficiencies.
J. Pediatr. 126, 1 – 10. (doi:10.1016/S0022-
3476(95)70491-4)

7. Salavoura K et al. 2008 Development of cancer
in patients with primary immunodeficiencies.
Anticancer Res. 28, 1263 – 1269.
8. van der Meer JW, van Munster IP, Nagengast FM,
Weening RS, Schellekens PTA. 1993 Colorectal
cancer in patients with X-linked
agammaglobulinaemia. Lancet 341, 1439 – 1440.
(doi:10.1016/0140-6736(93)90883-I)

9. Birkeland SA et al. 1995 Cancer risk after renal
transplantation in the Nordic countries, 1964 – 1986.
Int. J. Cancer 60, 183 – 189. (doi:10.1002/ijc.
2910600209)

10. Shankaran V et al. 2001 IFNgamma and
lymphocytes prevent primary tumour development
and shape tumour immunogenicity. Nature 410,
1107 – 1111. (doi:10.1038/35074122)

11. Cerwenka A, Baron JL, Lanier LL. 2001
Ectopic expression of retinoic acid early
inducible-1 gene (RAE-1) permits natural
killer cell-mediated rejection of a MHC class
I-bearing tumor in vivo. Proc. Natl Acad. Sci.
USA 98, 11 521 – 11 526. (doi:10.1073/pnas.
201238598)

12. Diefenbach A, Jensen ER, Jamieson AM, Raulet DH.
2001 Rae1 and H60 ligands of the NKG2D receptor
stimulate tumour immunity. Nature 413, 165 – 171.
(doi:10.1038/35093109)
13. Farrar JD et al. 1999 Cancer dormancy. VII. A
regulatory role for CD8þ T cells and IFN-gamma in
establishing and maintaining the tumor-dormant
state. J. Immunol. 162, 2842 – 2849.

14. Galon J et al. 2006 Type, density, and location of
immune cells within human colorectal tumors
predict clinical outcome. Science 313, 1960 – 1964.
(doi:10.1126/science.1129139)

15. Galon J et al. 2014 Towards the introduction of the
‘Immunoscore’ in the classification of malignant
tumours. J. Pathol. 232, 199 – 209. (doi:10.1002/
path.4287)

16. Dunn GP et al. 2002 Cancer immunoediting: from
immunosurveillance to tumor escape. Nat. Immunol.
3, 991 – 998. (doi:10.1038/ni1102-991)

17. Mohme M, Riethdorf S, Pantel K. 2017 Circulating
and disseminated tumour cells: mechanisms of
immune surveillance and escape. Nat. Rev. Clin.
Oncol. 14, 155 – 167.

18. Mlecnik B et al. 2011 Histopathologic-based
prognostic factors of colorectal cancers are
associated with the state of the local immune
reaction. J. Clin. Oncol. 29, 610 – 618. (doi:10.1200/
JCO.2010.30.5425)

http://dx.doi.org/10.1159/000386035
http://dx.doi.org/10.1136/bmj.1.5023.841
http://dx.doi.org/10.3389/fimmu.2014.00197
http://dx.doi.org/10.1016/S0140-6736(85)91037-2
http://dx.doi.org/10.1016/S0140-6736(85)91037-2
http://dx.doi.org/10.1016/S0022-3476(95)70491-4
http://dx.doi.org/10.1016/S0022-3476(95)70491-4
http://dx.doi.org/10.1016/0140-6736(93)90883-I
http://dx.doi.org/10.1002/ijc.2910600209
http://dx.doi.org/10.1002/ijc.2910600209
http://dx.doi.org/10.1038/35074122
http://dx.doi.org/10.1073/pnas.201238598
http://dx.doi.org/10.1073/pnas.201238598
http://dx.doi.org/10.1038/35093109
http://dx.doi.org/10.1126/science.1129139
http://dx.doi.org/10.1002/path.4287
http://dx.doi.org/10.1002/path.4287
http://dx.doi.org/10.1038/ni1102-991
http://dx.doi.org/10.1200/JCO.2010.30.5425
http://dx.doi.org/10.1200/JCO.2010.30.5425


rsob.royalsocietypublishing.org
Open

Biol.7:170006

9
19. Ferradini L, Mackensen A, Genevée C, Bosq J,
Duvillard P, Avril M F, Hercend T. 1993 Analysis of T
cell receptor variability in tumor-infiltrating
lymphocytes from a human regressive melanoma.
Evidence for in situ T cell clonal expansion. J. Clin.
Invest. 91, 1183 – 1190. (doi:10.1172/JCI116278)

20. Knuth A, Danowski B, Oettgen HF, Old LJ. 1984
T-cell-mediated cytotoxicity against autologous
malignant melanoma: analysis with interleukin 2-
dependent T-cell cultures. Proc. Natl Acad. Sci. USA
81, 3511 – 3515. (doi:10.1073/pnas.81.11.3511)

21. Fridman WH, Galon J, Pages F, Tartour E, Sautes-
Fridman C, Kroemer G. 2011 Prognostic and
predictive impact of intra- and peritumoral immune
infiltrates. Cancer Res. 71, 5601 – 5605. (doi:10.
1158/0008-5472.CAN-11-1316)

22. Harlin H, Kuna TV, Peterson AC, Meng Y, Gajewski
TF. 2006 Tumor progression despite massive influx
of activated CD8þ T cells in a patient with
malignant melanoma ascites. Cancer Immunol.
Immunother. 55, 1185 – 1197. (doi:10.1007/s00262-
005-0118-2)

23. Rosenberg SA, Dudley ME. 2009 Adoptive cell
therapy for the treatment of patients with
metastatic melanoma. Curr. Opin. Immunol. 21,
233 – 240. (doi:10.1016/j.coi.2009.03.002)

24. Garrido F, Aptsiauri N, Doorduijn EM, Garcia Lora
AM, van Hall T. 2016 The urgent need to recover
MHC class I in cancers for effective immunotherapy.
Curr. Opin. Immunol. 39, 44 – 51. (doi:10.1016/j.coi.
2015.12.007)

25. Wu MS, Li C-H, Ruppert JG, Chang C-C. 2013
Cytokeratin 8-MHC class I interactions: a potential
novel immune escape phenotype by a lymph node
metastatic carcinoma cell line. Biochem. Biophys.
Res. Commun. 441, 618 – 623. (doi:10.1016/j.bbrc.
2013.10.105)

26. So T et al. 2005 Haplotype loss of HLA class I
antigen as an escape mechanism from
immune attack in lung cancer. Cancer Res.
65, 5945 – 5952. (doi:10.1158/0008-5472.CAN-04-
3787)

27. Pantel K et al. 1991 Frequent down-regulation of
major histocompatibility class I antigen expression
on individual micrometastatic carcinoma cells.
Cancer Res. 51, 4712 – 4715.

28. Atkins D et al. 2004 MHC class I antigen processing
pathway defects, ras mutations and disease stage in
colorectal carcinoma. Int. J. Cancer 109, 265 – 273.
(doi:10.1002/ijc.11681)

29. Diamond MS et al. 2011 Type I interferon is
selectively required by dendritic cells for immune
rejection of tumors. J. Exp. Med. 208, 1989 – 2003.
(doi:10.1084/jem.20101158)

30. Dunn GP et al. 2005 A critical function for type I
interferons in cancer immunoediting. Nat. Immunol.
6, 722 – 729. (doi:10.1038/ni1213)

31. Fuertes MB, Kacha AK, Kline J, Woo S-R, Kranz DM,
Murphy KM, Gajewski TF. 2011 Host type I IFN
signals are required for antitumor CD8þ T cell
responses through CD8aþ dendritic cells. J. Exp.
Med. 208, 2005 – 2016. (doi:10.1084/jem.
20101159)
32. Zou W. 2005 Immunosuppressive networks in the
tumour environment and their therapeutic
relevance. Nat. Rev. Cancer 5, 263 – 274. (doi:10.
1038/nrc1586)

33. Gajewski TF, Schreiber H, Fu YX. 2013 Innate and
adaptive immune cells in the tumor
microenvironment. Nat. Immunol. 14, 1014 – 1022.
(doi:10.1038/ni.2703)

34. Bronte V, Serafini P, Mazzoni A, Segal DM, Zanovello
P. 2003 L-arginine metabolism in myeloid cells
controls T-lymphocyte functions. Trends Immunol.
24, 302 – 306. (doi:10.1016/S1471-4906(03)
00132-7)

35. Ferguson TA, Griffith TS. 2006 A vision of cell death:
Fas ligand and immune privilege 10 years later.
Immunol. Rev. 213, 228 – 238. (doi:10.1111/j.1600-
065X.2006.00430.x)

36. Mellor AL, Munn DH. 2004 IDO expression by
dendritic cells: tolerance and tryptophan catabolism.
Nat. Rev. Immunol. 4, 762 – 774. (doi:10.1038/
nri1457)

37. Fallarino F et al. 2006 The combined effects of
tryptophan starvation and tryptophan catabolites
down-regulate T cell receptor zeta-chain and induce
a regulatory phenotype in naive T cells. J. Immunol.
176, 6752 – 6761. (doi:10.4049/jimmunol.176.
11.6752)

38. Munn DH, Mellor AL. 2013 Indoleamine 2,3
dioxygenase and metabolic control of immune
responses. Trends Immunol. 34, 137 – 143. (doi:10.
1016/j.it.2012.10.001)

39. Kabelitz D, Wesch D, Pitters E, Zoller M. 2004
Characterization of tumor reactivity of human
Vg9 Vd2gdT cells in vitro and in SCID mice in vivo.
J. Immunol. 173, 6767 – 6776. (doi:10.4049/
jimmunol.173.11.6767)

40. Tanaka Y et al. 1995 Natural and synthetic non-
peptide antigens recognized by human gamma
delta T cells. Nature 375, 155 – 158. (doi:10.1038/
375155a0)

41. Mattarollo SR, Kenna T, Nieda M, Nicol AJ. 2007
Chemotherapy and zoledronate sensitize solid
tumour cells to Vg9Vd2 T cell cytotoxicity. Cancer
Immunol. Immunother. 56, 1285 – 1297. (doi:10.
1007/s00262-007-0279-2)

42. Rei M, Pennington DJ, Silva-Santos B. 2015 The
emerging Protumor role of gammadelta T
lymphocytes: implications for cancer
immunotherapy. Cancer Res. 75, 798 – 802. (doi:10.
1158/0008-5472.CAN-14-3228)

43. Todaro M, Meraviglia S, Caccamo N, Stassi G, Dieli F.
2013 Combining conventional chemotherapy and
gammadelta T cell-based immunotherapy to target
cancer-initiating cells. Oncoimmunology 2, e25821.
(doi:10.4161/onci.25821)

44. Bouet-Toussaint F et al. 2008 Vgamma9Vdelta2T
cell-mediated recognition of human solid tumors.
Potential for immunotherapy of hepatocellular and
colorectal carcinomas. Cancer Immunol. Immunother.
57, 531 – 539. (doi:10.1007/s00262-007-0391-3)

45. Kondo M et al. 2008 Zoledronate facilitates large-
scale ex vivo expansion of functional gammadelta
T cells from cancer patients for use in adoptive
immunotherapy. Cytotherapy 10, 842 – 856. (doi:10.
1080/14653240802419328)

46. Zheng BJ et al. 2002 Peripheral gamma delta T-cell
deficit in nasopharyngeal carcinoma. Int. J. Cancer
99, 213 – 217. (doi:10.1002/ijc.10326)

47. Sakamoto M et al. 2011 Adoptive immunotherapy
for advanced non-small cell lung cancer using
zoledronate-expanded gammadeltaTcells: a phase I
clinical study. J. Immunother. 34, 202 – 211. (doi:10.
1097/CJI.0b013e318207ecfb)

48. Sugie T et al. 2013 Zoledronic acid-induced
expansion of gammadelta T cells from early-stage
breast cancer patients: effect of IL-18 on helper NK
cells. Cancer Immunol. Immunother. 62, 677 – 687.
(doi:10.1007/s00262-012-1368-4)

49. Brodbeck T, Nehmann N, Bethge A, Wedemann G,
Schumacher U. 2014 Perforin-dependent direct
cytotoxicity in natural killer cells induces
considerable knockdown of spontaneous lung
metastases and computer modelling-proven tumor
cell dormancy in a HT29 human colon cancer
xenograft mouse model. Mol. Cancer 13, 244.
(doi:10.1186/1476-4598-13-244)

50. Takeda K et al. 2001 Involvement of tumor necrosis
factor-related apoptosis-inducing ligand in
surveillance of tumor metastasis by liver natural
killer cells. Nat. Med. 7, 94 – 100. (doi:10.1038/
83416)

51. Bauer S et al. 1999 Activation of NK cells and T cells
by NKG2D, a receptor for stress-inducible MICA.
Science 285, 727 – 729. (doi:10.1126/science.285.
5428.727)

52. Groh V, Bahram S, Bauer S, Herman A, Beauchamp
M, Spies T. 1996 Cell stress-regulated human major
histocompatibility complex class I gene expressed in
gastrointestinal epithelium. Proc. Natl Acad. Sci. USA
93, 12 445 – 12 450. (doi:10.1073/pnas.93.22.
12445)

53. Raulet DH, Gasser S, Gowen BG, Deng W, Jung H.
2013 Regulation of ligands for the NKG2D activating
receptor. Annu. Rev. Immunol. 31, 413 – 441.
(doi:10.1146/annurev-immunol-032712-095951)

54. Gasser S, Orsulic S, Brown EJ, Raulet DH. 2005 The
DNA damage pathway regulates innate immune
system ligands of the NKG2D receptor. Nature 436,
1186 – 1190. (doi:10.1038/nature03884)

55. Jinushi M et al. 2003 Expression and role of MICA
and MICB in human hepatocellular carcinomas and
their regulation by retinoic acid. Int. J. Cancer 104,
354 – 361. (doi:10.1002/ijc.10966)

56. Wang B et al. 2014 Metastatic consequences of
immune escape from NK cell cytotoxicity by human
breast cancer stem cells. Cancer Res. 74, 5746 –
5757. (doi:10.1158/0008-5472.CAN-13-2563)

57. Barsoum IB et al. 2011 Hypoxia induces escape
from innate immunity in cancer cells via increased
expression of ADAM10: role of nitric oxide. Cancer
Res. 71, 7433 – 7441. (doi:10.1158/0008-5472.CAN-
11-2104)

58. Placke T, Orgel M, Schaller M, Jung G, Rammensee
H-G, Kopp H-G, Salih HR. 2012 Platelet-derived
MHC class I confers a pseudonormal phenotype to
cancer cells that subverts the antitumor reactivity of

http://dx.doi.org/10.1172/JCI116278
http://dx.doi.org/10.1073/pnas.81.11.3511
http://dx.doi.org/10.1158/0008-5472.CAN-11-1316
http://dx.doi.org/10.1158/0008-5472.CAN-11-1316
http://dx.doi.org/10.1007/s00262-005-0118-2
http://dx.doi.org/10.1007/s00262-005-0118-2
http://dx.doi.org/10.1016/j.coi.2009.03.002
http://dx.doi.org/10.1016/j.coi.2015.12.007
http://dx.doi.org/10.1016/j.coi.2015.12.007
http://dx.doi.org/10.1016/j.bbrc.2013.10.105
http://dx.doi.org/10.1016/j.bbrc.2013.10.105
http://dx.doi.org/10.1158/0008-5472.CAN-04-3787
http://dx.doi.org/10.1158/0008-5472.CAN-04-3787
http://dx.doi.org/10.1002/ijc.11681
http://dx.doi.org/10.1084/jem.20101158
http://dx.doi.org/10.1038/ni1213
http://dx.doi.org/10.1084/jem.20101159
http://dx.doi.org/10.1084/jem.20101159
http://dx.doi.org/10.1038/nrc1586
http://dx.doi.org/10.1038/nrc1586
http://dx.doi.org/10.1038/ni.2703
http://dx.doi.org/10.1016/S1471-4906(03)00132-7
http://dx.doi.org/10.1016/S1471-4906(03)00132-7
http://dx.doi.org/10.1111/j.1600-065X.2006.00430.x
http://dx.doi.org/10.1111/j.1600-065X.2006.00430.x
http://dx.doi.org/10.1038/nri1457
http://dx.doi.org/10.1038/nri1457
http://dx.doi.org/10.4049/jimmunol.176.11.6752
http://dx.doi.org/10.4049/jimmunol.176.11.6752
http://dx.doi.org/10.1016/j.it.2012.10.001
http://dx.doi.org/10.1016/j.it.2012.10.001
http://dx.doi.org/10.4049/jimmunol.173.11.6767
http://dx.doi.org/10.4049/jimmunol.173.11.6767
http://dx.doi.org/10.1038/375155a0
http://dx.doi.org/10.1038/375155a0
http://dx.doi.org/10.1007/s00262-007-0279-2
http://dx.doi.org/10.1007/s00262-007-0279-2
http://dx.doi.org/10.1158/0008-5472.CAN-14-3228
http://dx.doi.org/10.1158/0008-5472.CAN-14-3228
http://dx.doi.org/10.4161/onci.25821
http://dx.doi.org/10.1007/s00262-007-0391-3
http://dx.doi.org/10.1080/14653240802419328
http://dx.doi.org/10.1080/14653240802419328
http://dx.doi.org/10.1002/ijc.10326
http://dx.doi.org/10.1097/CJI.0b013e318207ecfb
http://dx.doi.org/10.1097/CJI.0b013e318207ecfb
http://dx.doi.org/10.1007/s00262-012-1368-4
http://dx.doi.org/10.1186/1476-4598-13-244
http://dx.doi.org/10.1038/83416
http://dx.doi.org/10.1038/83416
http://dx.doi.org/10.1126/science.285.5428.727
http://dx.doi.org/10.1126/science.285.5428.727
http://dx.doi.org/10.1073/pnas.93.22.12445
http://dx.doi.org/10.1073/pnas.93.22.12445
http://dx.doi.org/10.1146/annurev-immunol-032712-095951
http://dx.doi.org/10.1038/nature03884
http://dx.doi.org/10.1002/ijc.10966
http://dx.doi.org/10.1158/0008-5472.CAN-13-2563
http://dx.doi.org/10.1158/0008-5472.CAN-11-2104
http://dx.doi.org/10.1158/0008-5472.CAN-11-2104


rsob.royalsocietypublishing.org
Open

Biol.7:170006

10
natural killer immune cells. Cancer Res. 72,
440 – 448. (doi:10.1158/0008-5472.CAN-11-1872)

59. Rizzo R, Vercammen M, van de Velde H, Horn PA,
Rebmann V. 2011 The importance of HLA-G
expression in embryos, trophoblast cells, and
embryonic stem cells. Cell Mol. Life Sci. 68,
341 – 352. (doi:10.1007/s00018-010-0578-1)

60. Agaugue S, Carosella ED, Rouas-Freiss N. 2011 Role
of HLA-G in tumor escape through expansion of
myeloid-derived suppressor cells and cytokinic
balance in favor of Th2 versus Th1/Th17. Blood 117,
7021 – 7031. (doi:10.1182/blood-2010-07-294389)

61. Lin A, Yan WH. 2015 HLA-G expression in cancers:
roles in immune evasion, metastasis and target for
therapy. Mol. Med. 21, 782 – 791.

62. Loumagne L, Baudhuin J, Favier B, Montespan F,
Carosella ED, Rouas-Freiss N. 2014 In vivo evidence
that secretion of HLA-G by immunogenic tumor
cells allows their evasion from immunosurveillance.
Int. J. Cancer 135, 2107 – 2117. (doi:10.1002/ijc.
28845)

63. Cai MY et al. 2009 Human leukocyte antigen-G
protein expression is an unfavorable prognostic
predictor of hepatocellular carcinoma following
curative resection. Clin. Cancer Res. 15, 4686 – 4693.
(doi:10.1158/1078-0432.CCR-09-0463)

64. de Kruijf EM et al. 2010 HLA-E and HLA-G
expression in classical HLA class I-negative tumors is
of prognostic value for clinical outcome of early
breast cancer patients. J. Immunol. 185,
7452 – 7459. (doi:10.4049/jimmunol.1002629)

65. Guo ZY et al. 2015 Predictive value of HLA-G and
HLA-E in the prognosis of colorectal cancer patients.
Cell Immunol. 293, 10 – 16. (doi:10.1016/j.cellimm.
2014.10.003)

66. He X, Dong D, Yie S-M, Yang H, Cao M, Ye S-R, Li K,
Liu J, Chen J. 2010 HLA-G expression in human
breast cancer: implications for diagnosis and
prognosis, and effect on allocytotoxic lymphocyte
response after hormone treatment in vitro. Ann.
Surg. Oncol. 17, 1459 – 1469. (doi:10.1245/s10434-
009-0891-9)

67. Wiendl H, Mitsdoerffer M, Hofmeister V, Wischhusen
J, Bornemann A, Meyermann R, Weiss EH, Melms A,
Weller M. 2002 A functional role of HLA-G
expression in human gliomas: an alternative
strategy of immune escape. J. Immunol. 168,
4772 – 4780. (doi:10.4049/jimmunol.168.9.4772)

68. Konig L et al. 2016 The prognostic impact of soluble
and vesicular HLA-G and its relationship to
circulating tumor cells in neoadjuvant treated breast
cancer patients. Hum. Immunol. 77, 791 – 799.
(doi:10.1016/j.humimm.2016.01.002)

69. McEwen-Smith RM, Salio M, Cerundolo V. 2015
The regulatory role of invariant NKT cells in tumor
immunity. Cancer Immunol. Res. 3, 425 – 435.
(doi:10.1158/2326-6066.CIR-15-0062)

70. Bendelac A, Lantz O, Quimby M., Yewdell J.,
Bennink J., Brutkiewicz R. 1995 CD1 recognition
by mouse NK1þ T lymphocytes. Science 268,
863 – 865. (doi:10.1126/science.7538697)

71. Exley M, Garcia J, Balk SP, Porcelli S. 1997
Requirements for CD1d recognition by human
invariant Va24þ CD42CD82 T cells. J. Exp. Med.
186, 109 – 120. (doi:10.1084/jem.186.1.109)

72. Bellone M et al. 2010 iNKT cells control mouse
spontaneous carcinoma independently of tumor-
specific cytotoxic T cells. PLoS ONE 5, e8646.
(doi:10.1371/journal.pone.0008646)

73. Swann JB, Uldrich AP, van Dommelen S, Sharkey J,
Murray WK, Godfrey DI, Smyth MJ. 2009 Type I
natural killer T cells suppress tumors caused by p53
loss in mice. Blood 113, 6382 – 6385. (doi:10.1182/
blood-2009-01-198564)

74. Cui J et al. 1997 Requirement for Va14 NKT cells
in IL-12-mediated rejection of tumors. Science
278, 1623 – 1626. (doi:10.1126/science.278.5343.
1623)

75. Metelitsa LS, Naidenko OV, Kant A, Wu H-W, Loza
MJ, Perussia B, Kronenberg M, Seeger RC. 2001
Human NKT cells mediate antitumor cytotoxicity
directly by recognizing target cell CD1d with bound
ligand or indirectly by producing IL-2 to activate NK
cells. J. Immunol. 167, 3114 – 3122. (doi:10.4049/
jimmunol.167.6.3114)

76. Bendelac A, Savage PB, Teyton L. 2007 The
biology of NKT cells. Annu. Rev. Immunol. 25, 297 –
336. (doi:10.1146/annurev.immunol.25.022106.
141711)

77. Hayakawa Y et al. 2002 IFN-gamma-mediated
inhibition of tumor angiogenesis by natural killer
T-cell ligand, alpha-galactosylceramide. Blood 100,
1728 – 1733.

78. Salio M, Silk JD, Yvonne Jones E, Cerundolo V. 2014
Biology of CD1- and MR1-restricted T cells. Annu.
Rev. Immunol. 32, 323 – 366. (doi:10.1146/annurev-
immunol-032713-120243)

79. Molling JW et al. 2007 Generation and sustained
expansion of mouse spleen invariant NKT cell lines
with preserved cytokine releasing capacity.
J. Immunol. Methods 322, 70 – 81. (doi:10.1016/j.
jim.2007.02.002)

80. Tachibana T et al. 2005 Increased intratumor Va24-
positive natural killer T cells: a prognostic factor for
primary colorectal carcinomas. Clin. Cancer Res. 11,
7322 – 7327. (doi:10.1158/1078-0432.CCR-05-0877)

81. Giaccone G et al. 2002 A phase I study of the
natural killer T-cell ligand alpha-galactosylceramide
(KRN7000) in patients with solid tumors. Clin.
Cancer Res. 8, 3702 – 3709.

82. Dhodapkar MV et al. 2003 A reversible defect in
natural killer T cell function characterizes the
progression of premalignant to malignant multiple
myeloma. J. Exp. Med. 197, 1667 – 1676. (doi:10.
1084/jem.20021650)

83. Bhatia A, Kumar Y. 2011 Cancer-immune
equilibrium: questions unanswered. Cancer
Microenviron. 4, 209 – 217. (doi:10.1007/s12307-
011-0065-8)

84. Koebel CM et al. 2007 Adaptive immunity maintains
occult cancer in an equilibrium state. Nature 450,
903 – 907. (doi:10.1038/nature06309)

85. Eyles J et al. 2010 Tumor cells disseminate early,
but immunosurveillance limits metastatic
outgrowth, in a mouse model of melanoma. J. Clin.
Invest. 120, 2030 – 2039. (doi:10.1172/JCI42002)
86. MacKie RM, Reid R, Junor B. 2003 Fatal melanoma
transferred in a donated kidney 16 years after
melanoma surgery. N. Engl J. Med. 348, 567 – 568.
(doi:10.1056/NEJM200302063480620)

87. Weinhold KJ, Goldstein LT, Wheelock EF. 1979 The
tumor dormant state: quantitation of L5178Y cells
and host immune responses during the
establishment and course of dormancy in syngeneic
DBA/2 mice. J. Exp. Med. 149, 732 – 744. (doi:10.
1084/jem.149.3.732)

88. Siu H et al. 1986 Tumor dormancy. I. Regression of
BCL1 tumor and induction of a dormant tumor state
in mice chimeric at the major histocompatibility
complex. J. Immunol. 137, 1376 – 1382.

89. Aguirre-Ghiso JA. 2007 Models, mechanisms and
clinical evidence for cancer dormancy. Nat. Rev.
Cancer 7, 834 – 846. (doi:10.1038/nrc2256)

90. Meng S et al. 2004 Circulating tumor cells in
patients with breast cancer dormancy. Clin. Cancer
Res. 10, 8152 – 8162. (doi:10.1158/1078-0432.CCR-
04-1110)

91. Schreiber RD, Old LJ, Smyth MJ. 2011 Cancer
immunoediting: integrating immunity’s roles in
cancer suppression and promotion. Science 331,
1565 – 1570. (doi:10.1126/science.1203486)

92. Gajewski TF, Woo S-R, Zha Y, Spaapen R, Zheng Y,
Corrales L, Spranger S. 2013 Cancer immunotherapy
strategies based on overcoming barriers within the
tumor microenvironment. Curr. Opin. Immunol. 25,
268 – 276. (doi:10.1016/j.coi.2013.02.009)

93. Fridman WH, Pagès F, Sautès-Fridman C, Galon J.
2012 The immune contexture in human tumours:
impact on clinical outcome. Nat. Rev. Cancer 12,
298 – 306. (doi:10.1038/nrc3245)

94. Molon B et al. 2011 Chemokine nitration prevents
intratumoral infiltration of antigen-specific T cells.
J. Exp. Med. 208, 1949 – 1962. (doi:10.1084/jem.
20101956)

95. Montagna D et al. 2006 Emergence of antitumor
cytolytic T cells is associated with maintenance
of hematologic remission in children with acute
myeloid leukemia. Blood 108, 3843 – 3850. (doi:10.
1182/blood-2006-05-021535)

96. Mahnke YD, Schwendemann J, Beckhove P,
Schirrmacher V. 2005 Maintenance of long-term
tumour-specific T-cell memory by residual dormant
tumour cells. Immunology 115, 325 – 336. (doi:10.
1111/j.1365-2567.2005.02163.x)

97. Feuerer M, Rocha M, Bai L, Umansky V, Solomayer
E-F, Bastert G, Diel IJ, Schirrmacher V. 2001
Enrichment of memory T cells and other profound
immunological changes in the bone marrow from
untreated breast cancer patients. Int. J. Cancer 92,
96 – 105. (doi:10.1002/1097-0215(200102)9999:
9999,::AID-IJC1152.3.0.CO;2-Q)

98. Wu X et al. 2013 Immune microenvironment
profiles of tumor immune equilibrium and immune
escape states of mouse sarcoma. Cancer Lett. 340,
124 – 133. (doi:10.1016/j.canlet.2013.07.038)

99. Teng MW, Swann JB, Koebel CM, Schreiber RD,
Smyth MJ. 2008 Immune-mediated dormancy:
an equilibrium with cancer. J. Leukoc. Biol. 84,
988 – 993. (doi:10.1189/jlb.1107774)

http://dx.doi.org/10.1158/0008-5472.CAN-11-1872
http://dx.doi.org/10.1007/s00018-010-0578-1
http://dx.doi.org/10.1182/blood-2010-07-294389
http://dx.doi.org/10.1002/ijc.28845
http://dx.doi.org/10.1002/ijc.28845
http://dx.doi.org/10.1158/1078-0432.CCR-09-0463
http://dx.doi.org/10.4049/jimmunol.1002629
http://dx.doi.org/10.1016/j.cellimm.2014.10.003
http://dx.doi.org/10.1016/j.cellimm.2014.10.003
http://dx.doi.org/10.1245/s10434-009-0891-9
http://dx.doi.org/10.1245/s10434-009-0891-9
http://dx.doi.org/10.4049/jimmunol.168.9.4772
http://dx.doi.org/10.1016/j.humimm.2016.01.002
http://dx.doi.org/10.1158/2326-6066.CIR-15-0062
http://dx.doi.org/10.1126/science.7538697
http://dx.doi.org/10.1084/jem.186.1.109
http://dx.doi.org/10.1371/journal.pone.0008646
http://dx.doi.org/10.1182/blood-2009-01-198564
http://dx.doi.org/10.1182/blood-2009-01-198564
http://dx.doi.org/10.1126/science.278.5343.1623
http://dx.doi.org/10.1126/science.278.5343.1623
http://dx.doi.org/10.4049/jimmunol.167.6.3114
http://dx.doi.org/10.4049/jimmunol.167.6.3114
http://dx.doi.org/10.1146/annurev.immunol.25.022106.141711
http://dx.doi.org/10.1146/annurev.immunol.25.022106.141711
http://dx.doi.org/10.1146/annurev-immunol-032713-120243
http://dx.doi.org/10.1146/annurev-immunol-032713-120243
http://dx.doi.org/10.1016/j.jim.2007.02.002
http://dx.doi.org/10.1016/j.jim.2007.02.002
http://dx.doi.org/10.1158/1078-0432.CCR-05-0877
http://dx.doi.org/10.1084/jem.20021650
http://dx.doi.org/10.1084/jem.20021650
http://dx.doi.org/10.1007/s12307-011-0065-8
http://dx.doi.org/10.1007/s12307-011-0065-8
http://dx.doi.org/10.1038/nature06309
http://dx.doi.org/10.1172/JCI42002
http://dx.doi.org/10.1056/NEJM200302063480620
http://dx.doi.org/10.1084/jem.149.3.732
http://dx.doi.org/10.1084/jem.149.3.732
http://dx.doi.org/10.1038/nrc2256
http://dx.doi.org/10.1158/1078-0432.CCR-04-1110
http://dx.doi.org/10.1158/1078-0432.CCR-04-1110
http://dx.doi.org/10.1126/science.1203486
http://dx.doi.org/10.1016/j.coi.2013.02.009
http://dx.doi.org/10.1038/nrc3245
http://dx.doi.org/10.1084/jem.20101956
http://dx.doi.org/10.1084/jem.20101956
http://dx.doi.org/10.1182/blood-2006-05-021535
http://dx.doi.org/10.1182/blood-2006-05-021535
http://dx.doi.org/10.1111/j.1365-2567.2005.02163.x
http://dx.doi.org/10.1111/j.1365-2567.2005.02163.x
http://dx.doi.org/10.1002/1097-0215(200102)9999:9999%3C::AID-IJC1152%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/1097-0215(200102)9999:9999%3C::AID-IJC1152%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/1097-0215(200102)9999:9999%3C::AID-IJC1152%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/1097-0215(200102)9999:9999%3C::AID-IJC1152%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/1097-0215(200102)9999:9999%3C::AID-IJC1152%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/1097-0215(200102)9999:9999%3C::AID-IJC1152%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/1097-0215(200102)9999:9999%3C::AID-IJC1152%3E3.0.CO;2-Q
http://dx.doi.org/10.1016/j.canlet.2013.07.038
http://dx.doi.org/10.1189/jlb.1107774


rsob.royalsocietypublishing.org
Open

Biol.7:170006

11
100. Coussens LM, Werb Z. 2002 Inflammation and
cancer. Nature 420, 860 – 867. (doi:10.1038/
nature01322)

101. Porta C, Riboldi E, Sica A. 2011 Mechanisms linking
pathogens-associated inflammation and cancer.
Cancer Lett. 305, 250 – 262. (doi:10.1016/j.canlet.
2010.10.012)

102. Gabrilovich DI, Ostrand-Rosenberg S, Bronte V. 2012
Coordinated regulation of myeloid cells by tumours.
Nat. Rev. Immunol. 12, 253 – 268. (doi:10.1038/
nri3175)

103. Palucka AK, Coussens LM. 2016 The basis of
oncoimmunology. Cell 164, 1233 – 1247. (doi:10.
1016/j.cell.2016.01.049)

104. Qian BZ et al. 2011 CCL2 recruits inflammatory
monocytes to facilitate breast-tumour metastasis.
Nature 475, 222 – 225. (doi:10.1038/nature10138)

105. Blankenstein T et al. 1991 Tumor suppression after
tumor cell-targeted tumor necrosis factor alpha
gene transfer. J. Exp. Med. 173, 1047 – 1052.
(doi:10.1084/jem.173.5.1047)

106. MacMicking J, Xie QW, Nathan C. 1997 Nitric oxide
and macrophage function. Annu. Rev. Immunol. 15,
323 – 350. (doi:10.1146/annurev.immunol.15.1.323)

107. Nathan CF. 1987 Secretory products of macrophages.
J. Clin. Invest. 79, 319 – 326. (doi:10.1172/
JCI112815)

108. Long KB, Beatty GL. 2013 Harnessing the antitumor
potential of macrophages for cancer
immunotherapy. Oncoimmunology 2, e26860.
(doi:10.4161/onci.26860)

109. Willingham SB et al. 2012 The CD47-signal
regulatory protein alpha (SIRPa) interaction is a
therapeutic target for human solid tumors. Proc.
Natl Acad. Sci. USA 109, 6662 – 6667. (doi:10.1073/
pnas.1121623109)

110. Oldenborg PA, Gresham HD, Lindberg FP. 2001
CD47-signal regulatory protein alpha (SIRPa)
regulates Fcgamma and complement receptor-
mediated phagocytosis. J. Exp. Med. 193, 855 – 862.
(doi:10.1084/jem.193.7.855)

111. Martinez FO, Gordon S. 2014 The M1 and M2
paradigm of macrophage activation: time for
reassessment. F1000Prime Rep 6, 13. (doi:10.12703/
P6-13)

112. Mantovani A, Sozzani S, Locati M, Allavena P, Sica
A. 2002 Macrophage polarization: tumor-associated
macrophages as a paradigm for polarized M2
mononuclear phagocytes. Trends Immunol. 23,
549 – 555. (doi:10.1016/S1471-4906(02)02302-5)

113. Galdiero MR, Bonavita E, Barajon I, Garlanda C,
Mantovani A, Jaillon S. 2013 Tumor associated
macrophages and neutrophils in cancer.
Immunobiology 218, 1402 – 1410. (doi:10.1016/j.
imbio.2013.06.003)

114. Du R et al. 2008 HIF1alpha induces the recruitment
of bone marrow-derived vascular modulatory
cells to regulate tumor angiogenesis and invasion.
Cancer Cell. 13, 206 – 220. (doi:10.1016/j.ccr.2008.
01.034)

115. Mantovani A, Allavena P, Sica A, Balkwill F.
2008 Cancer-related inflammation. Nature 454,
436 – 444. (doi:10.1038/nature07205)
116. Xue J et al. 2014 Transcriptome-based network
analysis reveals a spectrum model of human
macrophage activation. Immunity 40, 274 – 288.
(doi:10.1016/j.immuni.2014.01.006)

117. Biswas SK, Mantovani A. 2010 Macrophage plasticity
and interaction with lymphocyte subsets: cancer as
a paradigm. Nat. Immunol. 11, 889 – 896. (doi:10.
1038/ni.1937)

118. Sica A, Bronte V. 2007 Altered macrophage
differentiation and immune dysfunction in tumor
development. J. Clin. Invest. 117, 1155 – 1166.
(doi:10.1172/JCI31422)

119. Nishikawa H, Sakaguchi S. 2010 Regulatory T cells
in tumor immunity. Int. J. Cancer 127, 759 – 767.

120. Fridlender ZG et al. 2009 Polarization of tumor-
associated neutrophil phenotype by TGF-beta: ‘N1’
versus 5N2’ TAN. Cancer Cell 16, 183 – 194. (doi:10.
1016/j.ccr.2009.06.017)

121. Queen MM et al. 2005 Breast cancer cells stimulate
neutrophils to produce oncostatin M: potential
implications for tumor progression. Cancer Res. 65,
8896 – 8904. (doi:10.1158/0008-5472.CAN-05-1734)

122. Shamamian P, Schwartz JD, Pocock BJZ, Monea S,
Whiting D, Marcus SG, Mignatti P. 2001 Activation
of progelatinase A (MMP-2) by neutrophil elastase,
cathepsin G, and proteinase-3: a role for
inflammatory cells in tumor invasion and
angiogenesis. J. Cell Physiol. 189, 197 – 206.
(doi:10.1002/jcp.10014)

123. Shojaei F, Singh M, Thompson JD, Ferrara N. 2008
Role of Bv8 in neutrophil-dependent angiogenesis
in a transgenic model of cancer progression. Proc.
Natl Acad. Sci. USA 105, 2640 – 2645. (doi:10.1073/
pnas.0712185105)

124. Fridlender ZG, Albelda SM. 2012 Tumor-associated
neutrophils: friend or foe? Carcinogenesis 33, 949 –
955. (doi:10.1093/carcin/bgs123)

125. Yang H et al. 2016 New insights into neutrophil
extracellular traps: mechanisms of formation and
role in inflammation. Front. Immunol. 7, 302.
(doi:10.3389/fimmu.2016.00302)

126. Olsson AK, Cedervall J. 2016 NETosis in cancer—
platelet-neutrophil crosstalk promotes tumor-
associated pathology. Front. Immunol. 7, 373.
(doi:10.3389/fimmu.2016.00373)

127. Cedervall J, Zhang Y, Olsson AK. 2016 Tumor-
induced NETosis as a risk factor for metastasis and
organ failure. Cancer Res. 76, 4311 – 4315. (doi:10.
1158/0008-5472.CAN-15-3051)

128. Kumar V, Patel S, Tcyganov E, Gabrilovich DI. 2016
The nature of myeloid-derived suppressor cells in
the tumor microenvironment. Trends Immunol. 37,
208 – 220. (doi:10.1016/j.it.2016.01.004)

129. Arina A, Bronte V. 2015 Myeloid-derived suppressor
cell impact on endogenous and adoptively
transferred T cells. Curr. Opin. Immunol. 33, 120 –
125. (doi:10.1016/j.coi.2015.02.006)

130. Marvel D, Gabrilovich DI. 2015 Myeloid-derived
suppressor cells in the tumor microenvironment:
expect the unexpected. J. Clin. Invest. 125, 3356 –
3364. (doi:10.1172/JCI80005)

131. Bronte V et al. 2016 Recommendations for myeloid-
derived suppressor cell nomenclature and
characterization standards. Nat. Commun. 7, 12150.
(doi:10.1038/ncomms12150)

132. Gabrilovich DI, Nagaraj S. 2009 Myeloid-derived
suppressor cells as regulators of the immune
system. Nat. Rev. Immunol. 9, 162 – 174. (doi:10.
1038/nri2506)

133. De Sanctis F et al. 2016 MDSCs in cancer: Conceiving
new prognostic and therapeutic targets. Biochim.
Biophys. Acta 1865, 35 – 48. (doi:10.1016/j.bbcan.
2015.08.001)

134. Serafini P, Mgebroff S, Noonan K, Borrello I. 2008
Myeloid-derived suppressor cells promote cross-
tolerance in B-cell lymphoma by expanding
regulatory T cells. Cancer Res. 68, 5439 – 5449.
(doi:10.1158/0008-5472.CAN-07-6621)

135. Schlecker E, Stojanovic A, Eisen C, Quack C, Falk CS,
Umansky V, Cerwenka A. 2012 Tumor-infiltrating
monocytic myeloid-derived suppressor cells mediate
CCR5-dependent recruitment of regulatory T cells
favoring tumor growth. J. Immunol. 189, 5602 –
5611. (doi:10.4049/jimmunol.1201018)

136. Viola A, Bronte V. 2007 Metabolic mechanisms of
cancer-induced inhibition of immune responses.
Semin. Cancer Biol. 17, 309 – 316. (doi:10.1016/j.
semcancer.2007.06.005)

137. Bronte V, Zanovello P. 2005 Regulation of immune
responses by L-arginine metabolism. Nat. Rev.
Immunol. 5, 641 – 654. (doi:10.1038/nri1668)

138. Brito C et al. 1999 Peroxynitrite inhibits T
lymphocyte activation and proliferation by
promoting impairment of tyrosine phosphorylation
and peroxynitrite-driven apoptotic death.
J. Immunol. 162, 3356 – 3366.

139. Aulak KS, Miyagi M, Yan L, West KA, Massillon D,
Crabb JW, Stuehr DJ. 2001 Proteomic method
identifies proteins nitrated in vivo during
inflammatory challenge. Proc. Natl Acad. Sci.
USA 98, 12 056 – 12 061. (doi:10.1073/pnas.
221269198)

140. Lu T et al. 2011 Tumor-infiltrating myeloid cells
induce tumor cell resistance to cytotoxic T cells in
mice. J. Clin. Invest. 121, 4015 – 4029. (doi:10.1172/
JCI45862)

141. Hardy LL, Wick DA, Webb JR. 2008 Conversion of
tyrosine to the inflammation-associated analog 3’-
nitrotyrosine at either TCR- or MHC-contact
positions can profoundly affect recognition of the
MHC class I-restricted epitope of lymphocytic
choriomeningitis virus glycoprotein 33 by CD8 T
cells. J. Immunol. 180, 5956 – 5962. (doi:10.4049/
jimmunol.180.9.5956)

142. Kasic T, Colombo P, Soldani C, Wang CM, Miranda E,
Roncalli M, Bronte V, Viola A. 2011 Modulation of
human T-cell functions by reactive nitrogen species.
Eur. J. Immunol. 41, 1843 – 1849. (doi:10.1002/eji.
201040868)

143. Whiteside TL. 2016 Exosomes and tumor-mediated
immune suppression. J. Clin. Invest. 126, 1216 –
1223. (doi:10.1172/JCI81136)

144. Whiteside TL. 2013 Immune modulation of T-cell
and NK (natural killer) cell activities by TEXs
(tumour-derived exosomes). Biochem. Soc. Trans.
41, 245 – 251. (doi:10.1042/BST20120265)

http://dx.doi.org/10.1038/nature01322
http://dx.doi.org/10.1038/nature01322
http://dx.doi.org/10.1016/j.canlet.2010.10.012
http://dx.doi.org/10.1016/j.canlet.2010.10.012
http://dx.doi.org/10.1038/nri3175
http://dx.doi.org/10.1038/nri3175
http://dx.doi.org/10.1016/j.cell.2016.01.049
http://dx.doi.org/10.1016/j.cell.2016.01.049
http://dx.doi.org/10.1038/nature10138
http://dx.doi.org/10.1084/jem.173.5.1047
http://dx.doi.org/10.1146/annurev.immunol.15.1.323
http://dx.doi.org/10.1172/JCI112815
http://dx.doi.org/10.1172/JCI112815
http://dx.doi.org/10.4161/onci.26860
http://dx.doi.org/10.1073/pnas.1121623109
http://dx.doi.org/10.1073/pnas.1121623109
http://dx.doi.org/10.1084/jem.193.7.855
http://dx.doi.org/10.12703/P6-13
http://dx.doi.org/10.12703/P6-13
http://dx.doi.org/10.1016/S1471-4906(02)02302-5
http://dx.doi.org/10.1016/j.imbio.2013.06.003
http://dx.doi.org/10.1016/j.imbio.2013.06.003
http://dx.doi.org/10.1016/j.ccr.2008.01.034
http://dx.doi.org/10.1016/j.ccr.2008.01.034
http://dx.doi.org/10.1038/nature07205
http://dx.doi.org/10.1016/j.immuni.2014.01.006
http://dx.doi.org/10.1038/ni.1937
http://dx.doi.org/10.1038/ni.1937
http://dx.doi.org/10.1172/JCI31422
http://dx.doi.org/10.1016/j.ccr.2009.06.017
http://dx.doi.org/10.1016/j.ccr.2009.06.017
http://dx.doi.org/10.1158/0008-5472.CAN-05-1734
http://dx.doi.org/10.1002/jcp.10014
http://dx.doi.org/10.1073/pnas.0712185105
http://dx.doi.org/10.1073/pnas.0712185105
http://dx.doi.org/10.1093/carcin/bgs123
http://dx.doi.org/10.3389/fimmu.2016.00302
http://dx.doi.org/10.3389/fimmu.2016.00373
http://dx.doi.org/10.1158/0008-5472.CAN-15-3051
http://dx.doi.org/10.1158/0008-5472.CAN-15-3051
http://dx.doi.org/10.1016/j.it.2016.01.004
http://dx.doi.org/10.1016/j.coi.2015.02.006
http://dx.doi.org/10.1172/JCI80005
http://dx.doi.org/10.1038/ncomms12150
http://dx.doi.org/10.1038/nri2506
http://dx.doi.org/10.1038/nri2506
http://dx.doi.org/10.1016/j.bbcan.2015.08.001
http://dx.doi.org/10.1016/j.bbcan.2015.08.001
http://dx.doi.org/10.1158/0008-5472.CAN-07-6621
http://dx.doi.org/10.4049/jimmunol.1201018
http://dx.doi.org/10.1016/j.semcancer.2007.06.005
http://dx.doi.org/10.1016/j.semcancer.2007.06.005
http://dx.doi.org/10.1038/nri1668
http://dx.doi.org/10.1073/pnas.221269198
http://dx.doi.org/10.1073/pnas.221269198
http://dx.doi.org/10.1172/JCI45862
http://dx.doi.org/10.1172/JCI45862
http://dx.doi.org/10.4049/jimmunol.180.9.5956
http://dx.doi.org/10.4049/jimmunol.180.9.5956
http://dx.doi.org/10.1002/eji.201040868
http://dx.doi.org/10.1002/eji.201040868
http://dx.doi.org/10.1172/JCI81136
http://dx.doi.org/10.1042/BST20120265


rsob.royalsocietypublishing.org
Open

Biol.7:170006

12
145. Andreola G et al. 2002 Induction of lymphocyte
apoptosis by tumor cell secretion of FasL-bearing
microvesicles. J. Exp. Med. 195, 1303 – 1316.
(doi:10.1084/jem.20011624)

146. Kim JW et al. 2005 Fas ligand-positive membranous
vesicles isolated from sera of patients with oral
cancer induce apoptosis of activated T lymphocytes.
Clin. Cancer Res. 11, 1010 – 1020.

147. Szajnik M, Czystowska M, Szczepanski MJ,
Mandapathil M, Whiteside TL, Unutmaz D. 2010
Tumor-derived microvesicles induce, expand and
up-regulate biological activities of human regulatory
T cells (Treg). PLoS ONE 5, e11469. (doi:10.1371/
journal.pone.0011469)

148. Valenti R, Huber V, Iero M, Filipazzi P, Parmiani G,
Rivoltini L. 2007 Tumor-released microvesicles as
vehicles of immunosuppression. Cancer Res. 67,
2912 – 2915. (doi:10.1158/0008-5472.CAN-07-0520)

149. Xiang X et al. 2009 Induction of myeloid-derived
suppressor cells by tumor exosomes. Int. J. Cancer
124, 2621 – 2633. (doi:10.1002/ijc.24249)

150. Couzin-Frankel J. 2013 Breakthrough of the year
2013. Cancer immunotherapy. Science 342,
1432 – 1433. (doi:10.1126/science.342.6165.1432)

151. Kenter GG et al. 2009 Vaccination against HPV-16
oncoproteins for vulvar intraepithelial neoplasia.
N. Engl J. Med. 361, 1838 – 1847. (doi:10.1056/
NEJMoa0810097)

152. Welters MJ et al. 2010 Success or failure of
vaccination for HPV16-positive vulvar lesions
correlates with kinetics and phenotype of induced
T-cell responses. Proc. Natl Acad. Sci. USA 107,
11 895 – 11 899. (doi:10.1073/pnas.1006500107)

153. Kantoff PW et al. 2010 Sipuleucel-T immunotherapy
for castration-resistant prostate cancer.
N. Engl. J. Med. 363, 411 – 422. (doi:10.1056/
NEJMoa1001294)

154. Lacher MD, Shiina M, Chang P, Keller D, Tiirikainen
MI, Korn WM. 2011 ZEB1 limits adenoviral
infectability by transcriptionally repressing the
coxsackie virus and adenovirus receptor. Mol.
Cancer. 10, 91. (doi:10.1186/1476-4598-10-91)

155. Lou Y et al. 2004 Dendritic cells strongly boost the
antitumor activity of adoptively transferred T cells in
vivo. Cancer Res. 64, 6783 – 6790. (doi:10.1158/
0008-5472.CAN-04-1621)

156. Ly LV et al. 2010 Peptide vaccination after T-cell
transfer causes massive clonal expansion, tumor
eradication, and manageable cytokine storm. Cancer
Res. 70, 8339 – 8346. (doi:10.1158/0008-5472.CAN-
10-2288)

157. Overwijk WW et al. 2003 Tumor regression and
autoimmunity after reversal of a functionally
tolerant state of self-reactive CD8þ T cells. J. Exp.
Med. 198, 569 – 580. (doi:10.1084/jem.20030590)

158. Teshima T et al. 2002 Donor leukocyte infusion from
immunized donors increases tumor vaccine efficacy
after allogeneic bone marrow transplantation.
Cancer Res. 62, 796 – 800.

159. Maus S, Keller F. 2011 Common errors in
pharmacotherapy of patients with chronic kidney
disease. MMW Fortschr. Med. 153, 39 – 42. (doi:10.
1007/BF03368206)

160. Redeker A, Arens R. 2016 Improving adoptive T cell
therapy: the particular role of T cell costimulation,
cytokines, and post-transfer vaccination. Front.
Immunol. 7, 345. (doi:10.3389/fimmu.2016.00345)

161. Rosenberg SA, Restifo NP. 2015 Adoptive cell
transfer as personalized immunotherapy for human
cancer. Science 348, 62 – 68. (doi:10.1126/science.
aaa4967)

162. Heslop HE et al. 2010 Long-term outcome of EBV-
specific T-cell infusions to prevent or treat EBV-
related lymphoproliferative disease in transplant
recipients. Blood 115, 925 – 935. (doi:10.1182/
blood-2009-08-239186)

163. Brentjens RJ et al. 2011 Safety and persistence of
adoptively transferred autologous CD19-targeted
T cells in patients with relapsed or chemotherapy
refractory B-cell leukemias. Blood 118, 4817 – 4828.
(doi:10.1182/blood-2011-04-348540)

164. Tran E et al. 2016 T-cell transfer therapy targeting
mutant KRAS in cancer. N. Engl. J. Med. 375,
2255 – 2262. (doi:10.1056/NEJMoa1609279)

165. Marigo I et al. 2016 T cell cancer therapy requires CD40-
CD40 L activation of tumor necrosis factor and inducible
nitric-oxide-synthase-producing dendritic cells. Cancer
Cell. 30, 651. (doi:10.1016/j.ccell.2016.09.009)

166. Riley JL et al. 2002 Modulation of TCR-induced
transcriptional profiles by ligation of CD28, ICOS,
and CTLA-4 receptors. Proc. Natl Acad. Sci. USA 99,
11 790 – 11 795. (doi:10.1073/pnas.162359999)

167. Schneider H et al. 2006 Reversal of the TCR stop
signal by CTLA-4. Science 313, 1972 – 1975. (doi:10.
1126/science.1131078)

168. Lynch TJ et al. 2012 Ipilimumab in combination
with paclitaxel and carboplatin as first-line
treatment in stage IIIB/IV non-small-cell lung
cancer: results from a randomized, double-blind,
multicenter phase II study. J. Clin. Oncol. 30,
2046 – 2054. (doi:10.1200/JCO.2011.38.4032)

169. Dong Y, Sun Q, Zhang X. 2017 PD-1 and its ligands
are important immune checkpoints in cancer.
Oncotarget. 8, 2171 – 2186.

170. Radimerski TM et al. 2011 Role of calcium in
lipopolysaccharide-induced calcitonin gene
expression in human adipocytes. Innate Immun. 17,
403 – 413. (doi:10.1177/1753425910377100)

171. Ritprajak P, Azuma M. 2015 Intrinsic and extrinsic
control of expression of the immunoregulatory
molecule PD-L1 in epithelial cells and squamous
cell carcinoma. Oral Oncol. 51, 221 – 228. (doi:10.
1016/j.oraloncology.2014.11.014)

172. Shindo Y et al. 2015 Combination immunotherapy
with 4 – 1BB activation and PD-1 blockade enhances
antitumor efficacy in a mouse model of
subcutaneous tumor. Anticancer Res. 35, 129 – 136.

173. Francisco LM, Sage PT, Sharpe AH. 2010 The PD-1
pathway in tolerance and autoimmunity. Immunol.
Rev. 236, 219 – 242. (doi:10.1111/j.1600-065X.
2010.00923.x)

174. Ohaegbulam KC, Assal A, Lazar-Molnar E, Yao Y,
Zang X. 2015 Human cancer immunotherapy with
antibodies to the PD-1 and PD-L1 pathway. Trends
Mol. Med. 21, 24 – 33. (doi:10.1016/j.molmed.2014.
10.009)

175. Parry RV et al. 2005 CTLA-4 and PD-1 receptors
inhibit T-cell activation by distinct mechanisms.
Mol. Cell Biol. 25, 9543 – 9553. (doi:10.1128/MCB.
25.21.9543-9553.2005)

176. Perez-Chanona E, Trinchieri G. 2016 The role of
microbiota in cancer therapy. Curr. Opin. Immunol.
39, 75 – 81. (doi:10.1016/j.coi.2016.01.003)

177. Viaud S et al. 2014 Why should we need the gut
microbiota to respond to cancer therapies?
Oncoimmunology 3, e27574. (doi:10.4161/onci.
27574)

178. Viaud S et al. 2013 The intestinal microbiota
modulates the anticancer immune effects of
cyclophosphamide. Science 342, 971 – 976. (doi:10.
1126/science.1240537)

179. Iida N et al. 2013 Commensal bacteria control
cancer response to therapy by modulating the
tumor microenvironment. Science 342, 967 – 970.
(doi:10.1126/science.1240527)

180. Pitt JM, Vétizou M, Gomperts Boneca I, Lepage P,
Chamaillard M, Zitvogel L. 2017 Enhancing the
clinical coverage and anticancer efficacy of immune
checkpoint blockade through manipulation of the
gut microbiota. Oncoimmunology 6, e1132137.
(doi:10.1080/2162402X.2015.1132137)

181. Vetizou M et al. 2015 Anticancer immunotherapy by
CTLA-4 blockade relies on the gut microbiota.
Science 350, 1079 – 1084. (doi:10.1126/science.
aad1329)

182. Teng MW et al. 2012 Opposing roles for IL-23 and
IL-12 in maintaining occult cancer in an equilibrium
state. Cancer Res. 72, 3987 – 3996. (doi:10.1158/
0008-5472.CAN-12-1337)

http://dx.doi.org/10.1084/jem.20011624
http://dx.doi.org/10.1371/journal.pone.0011469
http://dx.doi.org/10.1371/journal.pone.0011469
http://dx.doi.org/10.1158/0008-5472.CAN-07-0520
http://dx.doi.org/10.1002/ijc.24249
http://dx.doi.org/10.1126/science.342.6165.1432
http://dx.doi.org/10.1056/NEJMoa0810097
http://dx.doi.org/10.1056/NEJMoa0810097
http://dx.doi.org/10.1073/pnas.1006500107
http://dx.doi.org/10.1056/NEJMoa1001294
http://dx.doi.org/10.1056/NEJMoa1001294
http://dx.doi.org/10.1186/1476-4598-10-91
http://dx.doi.org/10.1158/0008-5472.CAN-04-1621
http://dx.doi.org/10.1158/0008-5472.CAN-04-1621
http://dx.doi.org/10.1158/0008-5472.CAN-10-2288
http://dx.doi.org/10.1158/0008-5472.CAN-10-2288
http://dx.doi.org/10.1084/jem.20030590
http://dx.doi.org/10.1007/BF03368206
http://dx.doi.org/10.1007/BF03368206
http://dx.doi.org/10.3389/fimmu.2016.00345
http://dx.doi.org/10.1126/science.aaa4967
http://dx.doi.org/10.1126/science.aaa4967
http://dx.doi.org/10.1182/blood-2009-08-239186
http://dx.doi.org/10.1182/blood-2009-08-239186
http://dx.doi.org/10.1182/blood-2011-04-348540
http://dx.doi.org/10.1056/NEJMoa1609279
http://dx.doi.org/10.1016/j.ccell.2016.09.009
http://dx.doi.org/10.1073/pnas.162359999
http://dx.doi.org/10.1126/science.1131078
http://dx.doi.org/10.1126/science.1131078
http://dx.doi.org/10.1200/JCO.2011.38.4032
http://dx.doi.org/10.1177/1753425910377100
http://dx.doi.org/10.1016/j.oraloncology.2014.11.014
http://dx.doi.org/10.1016/j.oraloncology.2014.11.014
http://dx.doi.org/10.1111/j.1600-065X.2010.00923.x
http://dx.doi.org/10.1111/j.1600-065X.2010.00923.x
http://dx.doi.org/10.1016/j.molmed.2014.10.009
http://dx.doi.org/10.1016/j.molmed.2014.10.009
http://dx.doi.org/10.1128/MCB.25.21.9543-9553.2005
http://dx.doi.org/10.1128/MCB.25.21.9543-9553.2005
http://dx.doi.org/10.1016/j.coi.2016.01.003
http://dx.doi.org/10.4161/onci.27574
http://dx.doi.org/10.4161/onci.27574
http://dx.doi.org/10.1126/science.1240537
http://dx.doi.org/10.1126/science.1240537
http://dx.doi.org/10.1126/science.1240527
http://dx.doi.org/10.1080/2162402X.2015.1132137
http://dx.doi.org/10.1126/science.aad1329
http://dx.doi.org/10.1126/science.aad1329
http://dx.doi.org/10.1158/0008-5472.CAN-12-1337
http://dx.doi.org/10.1158/0008-5472.CAN-12-1337

	Tuning cancer fate: the unremitting role of host immunity
	Immunity and cancer: from immunosurveillance to immunoediting
	Different immune cell subsets dictate the immunoediting process
	Immune cells in the elimination phase
	Immune cells dictating the equilibrium phase
	Immune cells responsible for the tumour escape

	The era of cancer immunotherapy
	Conclusion
	Competing interests
	Funding
	References


