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is complex and difficult to decipher, but its understanding is of seminal importance
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This chapter discusses tumor�immune interactions in several human cancers that

illustrate various aspects of this complexity and proposes an integrated scheme of

the impact of local immune reactions on clinical outcome. Thus, the fact that a

strong infiltration of memory T cells with a Th1 and cytotoxic pattern is the

strongest predictor for recurrence and metastasis is exemplified in colorectal cancer

in which intratumoral chemokines shape an efficient immune reaction. Based on

these data, we propose an immune score that predicts recurrence in early stage

(UICC-TNM stage I-II) cancers. Studies on non-small lung cancers have confirmed

findings of colorectal cancers and have addressed the question of the sites where

antitumor immune reactions may take place. Tertiary lymphoid structures (TLS)

adjacent to the tumor nest are sites of intense activity with mature dendritic cells in

contact with T cells and germinal-like centers with proliferating B cells. The large

number of these TLS being correlated with disease specific and overall survival

tempts to postulate that they are privileged sites to mount an efficient antitumor

reaction. Inflammation is a major component of human tumors and chronic inflam-

mation is generally of bad prognosis. Head and neck cancers are highly inflamma-

tory and two ways to modulate inflammation in these diseases are presented here:

soluble IL-15 receptor a (IL-15 Ra) increases the pro-inflammatory effect of IL-15

and aggravates inflammation resulting in poor prognosis when found at high levels

in the plasma of patients. By contrast, infiltration of regulatory T cells is paradoxi-

cally beneficial for local control of head and neck tumors, probably by “cooling

down” the inflammatory process. The modulation of other aspects of innate immu-

nity may also result in paradoxical effects such as the signaling through Toll like

receptors 7 and 8 expressed on lung tumor cells which induce an aggressive tumoral

phenotype. Finally, the analysis of primary intraocular lymphoma, which develops

in the eye, exemplifies the induction of an antitumor immune reaction in an

“immune sanctuary,” presenting all the complexities of the tumor–immune inter-

play in “open” tissues such as the colon or the lung.

1 Introduction

The fact that the immune system may prevent the occurrence of tumors has been

largely documented in immunodeficient mice (Shankaran et al. 2001) and individuals

in whom cancer incidence is much higher than in immunocompetent hosts (Van der

Meer et al. 1993; Birkeland et al. 1995). Although demonstrative of the concept

that nascent cancer cells can be viewed as “foreign” or “danger” by a competent

immune system, these observations are of little clinical interest for treating clinically

established cancer. They indeed support the concept of immunosurveillance (Burnet

1970) and prompt to treat immunodeficiency to restore the best immunocompetence

to prevent infections and potential cancers rather than providing clues for immuno-

therapy of cancers that have already reached a clinical stage.

However, in the recent years, it appeared that the immune system may also

influence the clinical outcome of patients with established tumors. The demonstration
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in mice that the dormancy stage of a cancer, i.e., a period of months or years during

which cancer cells are present in the body usually after reductive surgical and/or radio-

chemo therapy, is controlled in great part by interferon-responsive immune cells,

creating an equilibrium between immunity and cancer (Koebel et al. 2007), provided

the scientific bases for adjuvant immunotherapies. In humans, it is well known

that tumors with a similar histopathologic stage, referred as TNM (Greene and

Sobin 2009) (T (extension of the primary tumor), N (lymph node invasion),M (distant

metastasis)) may behave differently in terms of recurrence and survival. Thus,

although the TNM classification utilized worldwide is a good prognostic staging

system since cancers with no lymph node invasion or distant metastasis (T1-4, N0,

M0) have a better clinical outcome than advanced cancers (T1-4, N+, M+), there

are frequent discrepancies. Indeed, some patients with small tumor burden experience

rapid recurrence even after curative treatment, while others with advanced cancers

show surprisingly good prognosis. Thus, in colorectal cancer, patients with lymph

node invasion (UICC-TNM stage III) have a likelihood of recurrence of 50–60%

within 5 years, but a significant proportion of patients (about 30%) with no detectable

lymph node or distant metastasis (UICC-TNM stages I/II) present with recurrent

disease within few years (O’Connell et al. 2004; Pagès et al. 2005).

Whether an immune control is responsible for keeping potentially metastatic or

invading cancer cells in hold (“equilibrium”) in humans is also an intensive field

of investigation as it would provide novel prognostic markers as well as new

therapeutic avenues. When quantitative and functional analyses of intratumoral

immune reactions became available, data accumulated to show that a high lym-

phocytic infiltration in the primary tumor usually correlates with a better clinical

outcome in patients with cancer (reviewed in Pagès et al. 2010). Moreover, the

functional orientation of the infiltrating lymphocytes seems to be instrumental for

the control of recurrence. For instance, quantification of cytokine gene expression

in uterine cervical tumors, resected from early-stage patients, revealed that low

levels of interferon (IFNg) transcripts at the tumor site were associated with

recurrence within 2 years after surgery (Tartour et al. 1998). Similar data were

reported in colorectal (Pagès et al. 1999) and prostatic cancers (Lebel-Binay et al.

2000). These observations are reminiscent of the findings of Schreiber and Smyth

(Koebel et al. 2007; Dunn et al. 2006; Smyth et al. 2006) demonstrating in mice

that the equilibrium phase was largely dependent on IFNg. Altogether these data
suggest that the presence of a strong Th1 compartment in a primary tumor is

associated with, and putatively controls, metastatic cells release, circulation and /

or nidation. However, the immune reaction in tumors is complex with the recruit-

ment of many cells playing opposite effects, Th1 versus Th2, T reg versus
cytotoxic T cells, NK, and NK-T cells, etc. . . Moreover, tumors are sites of

intense inflammation, which is often detrimental for the host when macrophages

support tumor growth and neovascularization (Balkwill and Mantovani 2001;

Coussens and Werb 2002), but is sometimes beneficial when acute inflammation,

such as in bladder cancer following acute infections or therapy by BCG (Lamm

1992), results in cancer cell destruction. In the recent years, comprehensive

analyses of the intratumoral immune cells and molecules gave new insights into
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the understanding of the role of the immune system in controlling tumor growth

and spreading to other organs (Galon et al. 2007; Pagès et al. 2008; Bindea et al.

2009). They permitted the identification of immunological prognostic markers

(Pagès et al. 2009, 2010) and should eventually provide new ways to refine cancer

therapy. In this chapter, we mainly discuss our own data on the analysis of the

intratumoral immune infiltrates in human cancers, their functional orientation, the

respective importance of Th1, T reg, cytotoxic, and memory T cells, as well as the

formation of tertiary lymphoid structures (TLS), composed of mature dendritic

cells (DC) and T and B lymphocytes, adjacent to the tumor, in view of their

prognostic value and their dynamic interactions. To illustrate the general charac-

ter of the host�immune interactions, four examples of human tumors will be

addressed: colorectal cancer, a visceral disease open to diet and bacterial antigens

; lung carcinoma, a tumor open to airways ; head and neck inflammatory cancer;

and primary intra-ocular lymphoma, an hematological cancer developing in an

immunopriviledged site. Finally, we will propose some new insights on how some

cancer cells may divert innate immune reactions to protect themselves from acute

inflammation and chemotherapy.

2 “In Situ” Immune Contexture, the Strongest Prognostic

Factor for Recurrence and Overall Survival: The Case

of Colorectal Cancer

Histopathological analysis of colorectal cancers shows that these tumors are infil-

trated by inflammatory and lymphocytic cells, in variable quantities (Dalerba et al.

2003). A closer look reveals that the latter is not distributed randomly, but seem to

be organized in more or less dense infiltrations in the tumoral zone, referred to as

center of the tumor (CT), in boarding edges at the invasive margin (IM) of tumoral

nests (Fig. 1a), and in lymphoid islets adjacent to the tumor. This organization is

seen in many other solid tumors and the potential role of the lymphoid islets will be

discussed later when presenting the example of lung carcinoma.

We have extensively analyzed the impact of the quantity, the functional orienta-

tion, and the location of the immune cells of the tumor microenvironment – that we

propose to call the “immune contexture” – on cancer recurrence, metastasis, and

patient survival. In a retrospective study of 959 colorectal tumors, followed for over

15 years in the digestive surgery ward of European Hospital Georges Pompidou, we

first searched for early signs of metastasis in the primary tumor. We observed

venous emboli (VE), lymphatic invasion (LI), and perineural infiltration (PI) in

27% of the tumors. Applying univariate and multivariate Cox analysis, we found

that the presence of one early sign of metastasis (VE or LI or PI) was associated

with bad prognosis both in terms of disease free survival (DFS) and overall survival

(OS). The presence of the three signs was of even worse prognosis. We, then, asked

the question of whether the “in situ” immune infiltrates were different in VELIPI
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(�) and VELIPI (+) tumors. For this purpose, we undertook a comprehensive

quantification of immune gene expression by Q-PCR, immune cell identification

by flow cytometry of extracted living cells, and tissue micro-array of tumors using

antibodies recognizing immune cell subsets. The conclusion of this analysis was

that high numbers of memory T cells, particularly effector/memory T cells corre-

lated with lack of early signs of metastasis (VELIPI (�)) and that tumors with low

numbers of memory T cells had local (VELIPI(+)) or distant (N+ or M+) metastasis

(Pagès et al. 2005). Not only is there a particular immune pattern associated with

metastasis at the time of surgery but, more importantly, the “in situ” immune

reaction is associated with DFS and OS. Thus, we found that expression of genes

associated with adaptive immunity (T-bet, IRF1, IFNg, CD8a, granzyme B, gran-

ulysin) and not genes associated with inflammation (IL-8, VEGF, CEACAM-1,

MMP-7) or immuno-suppression (TGFb, IL-10, B7-H3, CD32b) were associated

with lack of metastasis and recurrence (Pagès et al. 2005). Enumeration of cells of

adaptive immunity within the tumors revealed an interesting aspect: even if all the

T cells or CD8 cells or granulysin-expressing cells or memory (CD45RO) cells

were associated with good prognosis, taking into account their location and com-

bining two markers greatly improved their prognostic impact. By combining the

analysis of several zones in the CT and in the IM, we found that high infiltrates of

memory T cells (CD3/CD45RO) or potential cytotoxic T cells (CD8/CD45RO/

granulysin +) (Fig. 1b) both in the center and the IM were highly significantly

(p < 10�11) associated with very good prognosis, both in terms of DFS and OS.

« CD8 low » tumor

« CD8 high » tumor

Center (red)
Invasive margin (blue)

a

b

c

Fig. 1 Characterization of

immune infiltrates in colon

cancer: The center (red
circle) and the invasive

margin (blue circle) of colon
tumor (Hematoxylin and

eosin staining, original

magnification 40�) (a),

Tumors with high (b) or low

(c) densities of CD8+T cells

(original magnification 100�)
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Tumors with low memory T or cytotoxic T cells in both zones (Fig. 1c) were

associated with very bad clinical outcome. Heterogenous (Hi-Lo or Lo-Hi) tumors

were intermediate but rather on the bad prognosis side. These differences hold true

for all T (tumor extension), N (lymph node involvement), and M (distant metasta-

sis) stages and remained the only significant factor – with bowel perforation – for

disease free and OS in multivariate Cox analysis when classically used histo-

prognostic factors (tumor extension, lymph node metastasis and differentiation)

were no longer significant (Galon et al. 2006).

These observations, confirmed on two independent cohorts, change the para-

digm of cancer prognosis at least for colorectal cancer (Galon et al. 2007), and

propose novel prognostic tools (Pagès et al. 2010) that may guide cancer therapy.

The fact that it is not only the overall quantity or even the functional orientation

but also the location of the immune cells that influence tumor recurrence supports

the concept that distinct cells with selective functions may, at different tumor

locations, play a crucial role in controlling metastasis escape. Analysis are in

progress to determine if each region has a different influence on cancer-related

progression i.e., tumor size, lymph node, or distant metastasis.

A second indication that clinical outcome is associated with selective immune

contexture was provided by the analysis of the coordination of immune gene

expression. We studied a cohort of early stage colorectal cancers in which we

confirmed the association of high memory T cell infiltration in CT and IM and

good prognosis. We, then, performed a gene expression screening (108 genes)

looking for immune, inflammation, and angiogenesis-associated genes whose

expression correlated, or not, with high CD3/CD45RO infiltration in CT and

IM. The results were straightforward: not surprisingly, genes associated with

T cell memory were found overexpressed in CD3/CD45RO high tumors and

under-expressed in the others ; strikingly, two other clusters of genes were coordi-

natively coexpressed in tumors with high CD3/CD45RO infiltration: genes involved

in Th1 and cytotoxic T cell functions. Genes associated with Th2 functions, sup-

pression, inflammation, and vascularization were not associated with memory T cell

infiltration (Pagès et al. 2009).

These data show that a coordinated immune reaction is associated with the

immune pattern which predicts clinical outcome. It is therefore likely that Th1

and cytotoxic T cells contribute to keep in hold potential metastatic cells at early

stages of the metastatic process. This hypothesis is supported by the fact that,

although of no statistic influence by itself, high expression of VEGF gene counter-

acts the beneficial effect of IRF1 (Th1-associated) or granulysin (cytotoxic gran-

ules) high gene expression (Camus et al. 2009). We therefore postulate that the

presence of high numbers of memory Th1 and cytotoxic T cells in the center and the

IM of primary tumors controls the attempts of metastatic cells to leave through

vascular or lymphatic vessels. When the tumor grows, with zones of hypoxia,

VEGF is produced that increases the tumor neovascularization offering more

emigration possibilities to metastatic cells overcoming even a strong coordinated

immune reaction. VEGF also inhibits DC maturation that may result in an

increase of Treg in the tumor microenvironment (reviewed in Johnson et al. 2009).
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Finally, when the immune contexture is disrupted, no effective control of metastasis

and therefore recurrence and survival can anymore be carried out by the immune

infiltrate, even it is still present in the tumor (Fig. 2) (Camus et al. 2009). This

hypothesis is supported by the analysis of patients who were metastatic at the time

of diagnosis and surgery, despite high tumor infiltration by memory T cells.

Strikingly, even if the total numbers of memory T cells in these tumors were similar

to those of tumors of patients with no metastasis, they lacked the effector/memory

T cell subset (Camus et al. 2009). This observation provides a third indication of the

need of a finely tuned immune pattern to control tumor spread and invasion.

The identification of factors involved in shaping an efficient immune pattern was

approached by using informatic tools and biomolecular networks (Bindea et al.

2009). Databases were explored looking for genes with the following characteris-

tics: conserved genomic neighborhood, phylogenetic profiling, coexpression analysis,

literature co-occurrence, and encoded proteins interactions with the subset of genes

that had been experimentally shown to be associated with recurrence and DFS.

Primary tumor site Periphery

High VEGF

High immune infiltration of 
memory, Th1, cytotoxic T cells

Immune control
of metastatic cells

Low VEGF

IR
 c

oo
rd

in
at

io
n

T
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el
l d

en
si

ty
 in

 C
T

 a
nd

 IM
High

High immune infiltration of 
memory, Th1, cytotoxic T cells

Relapse

10%

50%

50%

80%

High immune infiltration with lack of 
Th1 and cytotoxic T cells coordination

« Im4 »

« Im1 »

CX3CL1

CXCL9

CX3CL1

CXCL9

CXCL10

CXCL10

Low immune infiltration 

strong

weak

weak

absent

Fig. 2 Immune control of metastasis: Coordinated high T cell density in the CT and at its invasive

margin controls metastatic cell dissemination. Four major immune profiles within primary tumors

of colorectal cancers are found: (1) strong and coordinated immune response with memory Th1

and cytotoxic T cells control cancer metastasis (“Im4,” 10% relapse) (2) same conditions with

additional angiogenesis which favors tumor cell dissemination (“Im3,” 50% relapse) (3) low

coordination of the immune response (“Im2,” 50% relapse) (4) weak or low immune response

and coordination (“Im0, Im1,” 80% relapse). Potential antitumor circulating memory T cells

generated in the primary tumor may control metastatic cells and prevent recurrence after surgery
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The genes most highly predicted were those of specific chemokines (CX3CL1,

CXCL10, CXCL9) and adhesion molecules. When tested on our series, their

expression correlated with high densities of T cell infiltration and DFS (Mlecnik

et al. 2010) (Fig. 2). In addition, the expression of relevant chemokine genes was

associated with that of particular T cell receptor families which correlated with

patient’s survival (Mlecnik et al. 2010) suggesting that specific T cells could be

involved in disease control.

In addition, to enlighten some aspects of host–tumor interactions, the analysis of

the immune contexture may also provide novel useful prognostic markers. As in all

solid tumors, prognosis of colorectal cancer is currently defined by the TNM staging

which describes tumor spread into the intestinal wall, the regional lymph nodes, and

distant organs metastatic invasion (Greene and Sobin 2009). This staging system is

crucial, particularly for patients with no detectable lymph node invasion (stage I and

II) who are usually treated by surgery alone. However, 15–25% of these patients will

relapse and may have benefited from adjuvant chemotherapy.We, thus, performed a

study to determine if the immune patternmay help to discriminate between relapsing

and nonrelapsing early stage patients. Based on our analyses of coordination of an

efficient immune infiltrate, we defined an immune score (Im) on the basis

of densities of CD8/CD45RO T cells in CT and IM zones. Thus, tumors with low

CD8 T cells and lowCD45ROT cells in CT and IMwere classified Im0, tumors with

high infiltrates of cells positive with onemarker in one zone were classified Im1, and

then Im2 and Im3 up to Im4 for tumors with high infiltrates of CD8 and CD45RO

cells in both CT and IM. The analysis of 353 early-stage (stages I and II) colorectal

cancers using the immune score revealed a highly significant correlation between

DFS and OS and the immune scoring. Thus, patients with a low immune score (Im0)

were of very bad prognosis (75% recurrence at 5-year), whereas patients with a high

immune score (Im4) experienced a very low level of recurrence (5% at 5-year)

and 86% remained alive. The immune scoring, that was significant over TNM

staging, therefore provides a precise prognostic staging to predict recurrence and

may therefore encourage to treat patients with low immune score with adjuvant

therapies (Fig. 2) (Pagès et al. 2009).

3 Induction of Functionally Active Tertiary Lymphoid

Structures in the Vicinity of Tumoral Beds as Potential

Sites of “In Situ” Immune Reactions: The Example of

Lung Carcinoma

Lung carcinoma is the first cause of death by cancer worldwide with an incidence of

over 1.2 million cases/year and a death rate of c.a. 1.1 million cases/year. Curative

treatment is surgical for early-stage cancers, followed or not by adjuvant radiother-

apy and/or chemotherapy. Lung carcinoma develops in a context of chronic inflam-

mation, in most cases induced by tobacco smoking, but also by asbestos, chronic
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pulmonary infections, or bronchial obstructive diseases. Lung is at the interface of

airways, filtering polluants, bacteria, or viruses that create acute inflammation

which may influence clinical outcome of established lung cancers. Lung carcinoma

therefore represents a very suitable model to study immune-cancer cell interactions

taking place in an adaptive and innate inflammatory microenvironment. A first

cohort of 74 early-stage (T1 or T2, N0 or N1, M0) lung cancer patients, without any

neo-adjuvant therapy, was analyzed for their immune contexture and the prognostic

impact of various immune compartments. Lymphocytic infiltration was found to be

a heterogeneously distributed variable between tumors and distributed, as in colo-

rectal cancers, in the center, the IM, and in lymphoid islets adjacent to the tumor

nests (Fig. 3a). In addition to T and B cells, we particularly analyzed the quantity

and the distribution of DC subsets. The different populations of DC were found

diversely located within the tumor. The CD1a+ Langerhans cells were scattered

inside the tumor beds showing tight functions with cancer cells, whereas the

CD14+/� CD68low Factor XIIIa+ interstitial DC slipped into the interstices of

tumor cells and CD123+ plasmacytoid DC concentrated at the IM of tumor nodules.

Intratumoral DC were in an immature stage since they lacked the expression of the

maturation markers DC-Lamp and CD83. Mature DC-Lamp+ cells were found only

in the lymphoid islets adjacent to the tumor nests. The extremely low number of DC

in nontumoral lung suggests that factors produced by the tumor microenvironment

allow the recruitment of DC precursors into the tumor bed without inhibiting their

differentiation or maturation. A careful analysis of these lymphoid islets revealed

that they resemble canonical secondary lymphoid structures with a T cell zone

containing the mature DC in close contact with T cells (Fig. 3b), and a B-cell

follicle characterized by the presence of proliferating Ki67+ B cells and the

presence of CD21+ follicular DC network (Dieu-Nosjean et al. 2008; Kawamata

et al. 2009). These lymphoid islets have therefore the characteristics of functionally

active TLS where an ongoing immune reaction takes place. Similar structures have

been described in the lungs of human fetuses and infants (Gould and Isaacson 1993)

and disappear in normal adult lungs (Tschernig and Pabst 2000). They have been

called Bronchus-Associated Lymphoid Tissues (BALT) and, in adults, they reap-

pear in inflammatory lung diseases, such as fibrosis, pneumonia, pneumonitis, or

smoking. In patients with tumors, we searched for the presence of TLS at a distance

from the tumor and rarely found any. We therefore propose that they are induced by

the tumor or the tumor-associated inflammation and call them tumor-induced

BALT (Ti-BALT). It is tempting to postulate that Ti-BALT are a location where

an efficient immune reaction is shaped before, or in addition to, a response in the

draining lymph nodes, where it could be subverted by metastatic cell establishment.

Indeed, immune subversion or suppression must be postulated to explain why

lymph nodes are the first metastatic sites and why invasion of the sentinel lymph

node is a strong deleterious prognostic factor despite the fact that it should be the

site of an intense immune reaction. There are indeed examples of immune

responses that are not dependent on secondary lymphoid organs. For example,

splenectomized alymphoblastic mice can reject xenografts (Tesar et al. 2004),

clear viral infections (Moyron-Quiroz et al. 2004), or develop an allergic response

Immune Infiltration in Human Cancer: Prognostic Significance and Disease Control 9
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of Ti-BALT (arrow) in lung

tumor section counterstained
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(a). DC-Lamp+ mature DC
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infiltrating mature DC-Lamp

+ DC (c). Original

magnification: A, �100; B,

�200. T, tumor nest
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(Gajewska et al. 2001; Halle et al. 2009). If Ti-BALT are sites where an efficient

tumor-associated immune response is generated, they should be associated with

relevant immune cell infiltration and impact cancer prognosis. Indeed the density of

Ti-BALT is heterogeneous between tumors, some presenting with high densities,

others with low. We took advantage of the fact that Ti-BALT were the only sites

where mature DC-Lamp + DC were present to precisely assess the density of DC-

Lamp+ cells as a surrogate marker for Ti-BALT. We established that there was a

strong correlation between the number of Ti-BALT and that of DC-Lamp+ DC in

the same fields. We, then, correlated the density of mature DC to other immuno-

logical and clinical parameters. The density of mature DC, T, and B lymphocytes

correlated with each other. A precise analysis of correlations between high and low

DC-Lamp densities and intra-tumoral lymphocyte populations revealed a signifi-

cant positive correlation with T cell infiltration in CT and IM of the tumors, as well

as with T cells with Th1 orientation (T-bet positive). Interestingly, a strong corre-

lation was also found with B cell infiltration in CT and IM and the potential

significance of this observation is currently under investigation. In contrast, there

was no correlation between high and low DC-Lamp density and clinical parameters

such as gender, age, smoking history, histological type (adenocarcinoma or squa-

mous cell carcinoma), histopathological staging (T1, T2, N0, N1), or tumor differ-

entiation. When the patients’ cohort was followed for DFS and OS over a period of

4 years, the DC-Lamp+ DC density strongly correlated with a favorable clinical

outcome. Thus, DFS was 88% in patients with high DC-Lamp+ DC infiltration

versus 51% in patients with low DC-Lamp+ DC density (Dieu-Nosjean et al. 2008).

It was even more striking when DSS with 95% of patients not dying from their cancer

in DC-Lamp high tumors compared to 45% in DC-Lamp low tumors (Fig. 3c).

These data confirm the observations in colorectal cancer and extend them by

showing that TLS adjacent to, and potentially induced by, the tumor could be the first

sites of shaping an efficient antitumor reaction. The interaction of mature DC with

T cells may result in the generation of memory T cells some with cytotoxic

efficiency, that prevent potentially metastatic cells to leave the primary tumor.

There may also be sites where circulating memory T cells are generated that are

long lived and may control cancer cells disseminating in the periphery (blood, bone

narrow) or when they search nidation in distant organs. Finally, the density ofmature

DC may identify patients with early-stage lung cancer with high risk of relapse.

4 Subversion of Innate Immunity Receptors: Stimulation of

Toll Like Receptors on Lung Carcinoma Cells Modulates

Cell Survival and Response to Chemotherapy

Lung being a site of frequent inflammation and lung cancers often developing in a

context of chronic inflammation, we investigated the presence and the role of Toll

Like Receptors (TLR) on lung cancer specimens from Non Small Cell Lung Cancer
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(NSCLC) patients. TLR are pattern recognition receptors for pathogen-associated

molecular patterns (PAMP) and endogeneous molecules released from injured and

necrotic cells (DAMP) (Kumar et al. 2009). Lungs are frequently exposed to viruses

such as influenza or respiratory syncitia virus, that are mainly recognized by

endogenous TLR3, 7 and 8 (Kumar et al. 2009). Among the 11 different TLR

described to date, we thus focused our study on TLR7 and TLR8, receptors for

ssRNA (Diebold et al. 2004; Heil et al. 2004) and to a minor extent on TLR3,

receptor for dsRNA (Liu et al. 2008). The stimulation of TLR7, TLR8, and TLR3

that are commonly expressed by cells of the immune system leads to the activation

of NFKB and the production of proinflammatory cytokines (Napolitani et al. 2005;

Hart et al. 2005; Larangé et al. 2009). It induces a rapid antiviral response via the

induction of type I and type II IFN which in turn enhance the adaptive immune

response. Imiquimod, a TLR7 agonist is currently used topically to treat basal cell

carcinoma (Tillman and Carroll 2008) or systemically in clinical trials in melanoma

as immuno-stimulants and vaccine adjuvants (Dudek et al. 2007). We observed by

immunohistochemistry that immune cells infiltrating NSCLC express TLR7 and

TLR8 in situ, particularly within the TiBALT (Cherfils-Vicini et al. 2010).

An increasing body of evidence suggest that TLR are also expressed by nonim-

mune cells such as epithelial cells (Droemann et al. 2003; Tissari et al. 2005; Gribar

et al. 2008) and therefore can maintain local inflammation during chronic infec-

tions. In agreement with these observations, we have detected that bronchial

epithelial cells but not alveolar cells express TLR7 and TLR8 on nontumoral

lung tissue sections (Cherfils-Vicini et al. 2010). Therefore, TLR7 and TLR8 may

be one of the first line of defense against viruses in bronchial epithelium.

However, a close immuno-histochemical examination of tumor cells in NSCLC

sections revealed that they expressed TLR7 and TLR8, at variable levels, regardless

of their histological type, adenocarcinoma or squamous cell carcinoma. A first

analysis of 13 tumors (8 adenocarcinoma and 5 squamous cell carcinoma) showed

that all expressed TLR8 but in variable quantities; two-thirds of them were TLR7

positive, half being highly labeled. This heterogeneous expression of TLR7 and

TLR8, receptors for single stranded RNA, suggested that high expressing and low

expressing tumors may behave differently in the case of viral infections, or in the

presence of endogenous ligands for these TLR, which could be released in the

tumor microenvironment. To determine which effect could be induced by TLR7

and TLR8 triggering, we used two model cell-lines, A549 as a prototype of

adenocarcinoma and SK-MES as prototypic of squamous cell carcinoma, that

express TLR7 and 8. Triggering of both cell lines by Loxoribine (a TLR7 agonist),

poly U (a TLR8 agonist), or gardiquimod (an agonist of both) resulted in better cell

survival due to resistance to apoptosis, as assessed by a strong induction of

expression of the antiapoptotic gene and protein, Bcl-2. Triggering of A549 or

SK-MES by TLR7 and TLR8 agonists also induced the modulation of other genes

(up regulation of CCR4 and down regulation of CD80, CD86, HLA-DR, and

Fibronectin 1) which are often associated with an aggressive tumoral phenotype.

The analysis of genes expressed in tumoral cells isolated from fresh tumor speci-

men showed that tumor cells had a transcription pattern similar to that of cell lines
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triggered through TLR7 and 8, suggesting that they were in an activated state in situ

(Cherfils-Vicini et al. 2010).

Some patients with lung cancer are treated by neo-adjuvant polychemotherapy,

consisting in platinum salts and often gemcitabine or navelbine. Both A549 and

SK-MES cells stimulated by Loxoribin or Poly U were found to be resistant to

chemotherapy-induced cell death. It is therefore tempting to postulate that tumoral

cells which express TLR7 or TLR8 at high levels could be stimulated upon viral

induced inflammation and become resistant to chemotherapy (Cherfils-Vicini et al.

2010). We are currently analyzing a cohort of lung cancer patients having received

neo-adjuvant chemotherapy before surgical resection in order to assess whether

high TLR7 or TLR8 expressors are less susceptible to chemotherapy than low

expressors. If it were so, it would provide a novel mechanism by which tumor cells

gain growth and spreading advantages, i.e., resistance to apoptosis, to chemotherapy,

expression of chemokine receptors, loss of Fibronectin 1, etc. It also calls some

warning on the use of TLR7 agonists as adjuvants in cancer treatment, prompting to

characterize the expression of TLR7 on the tumor cells before treatment by TLR

agonists. Several reports describe the expression of TLR 4 and TLR9 in lung

carcinoma (Droemann et al. 2005; He et al. 2007; Ren et al. 2009). TLR expression

by tumor cells of nonhematopoietic origin appears to be quite a general phenome-

non as TLR2, TLR3, TLR4, TLR5, and/or TLR9 expressions have been documen-

ted in many cancer types (reviewed in Sato et al. 2009). In most cases TLR

activation of cancer cells promotes survival, activates production of proinflamma-

tory cytokines and chemokines, promotes angiogenesis, and therefore contributes to

cancer progression. However, the response to TLR3 seems more complex and can

induce opposite effects depending on the cell type. TLR3 ligation by Poly IC or

Poly AU on breast cancer cells induces apoptosis in an IFNa dependent manner

(Salaun et al. 2006; André 2005). In melanoma a proapoptotic response has been

described in the presence of Poly IC as well as the induction of NFkB and

production of proinflammatory cytokines (Salaun et al. 2007). We observed that

the triggering of TLR3 induced apoptosis of A459 cells whereas it promoted

survival of SK-MES cells. Moreover, in some cases the addition of Poly IC to

chemotherapy increased sensitivity to chemotherapy-induced cell death. (Cherfils-

Vicini et al. 2010).

The fact that TLR stimulation regulates cell survival and modulates their

sensitivity to chemotherapy reinforces the importance of TLR expression status

on tumor cells in patient’s response to treatments.

5 “Paradoxical” Control of Inflammation Influences

Clinical Outcome in Head and Neck Cancer

Head and neck cancers are a group of diseases affecting all sites of the upper

respiratory tract, from the oral cavity to the larynx, through the oropharynx, the

hypopharynx, and the epilarynx. Tobacco, synergized by alcohol, being the main
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causal factor, head and neck cancers have a higher incidence in males. Human

papilloma viruses (HPV) have also been implicated in the genesis of these tumors.

In any case, they develop in a context of chronic inflammation which usually

persists during the clinical stage of the cancer. Classical treatment consists of

surgical resection accompanied by radio/chemotherapy. However, despite new

treatment modalities and their success in terms of organ preservation, survival

rates have not improved over recent years.

Head and neck squamous cell carcinoma have quite intensively been investi-

gated and the strong inflammatory component of these tumors is well established.

In addition to macrophages, there exist, in some tumors, strong T lymphocyte

infiltrates with all components of an adaptive immune reaction, i.e., CD3, CD4,

and CD8 ; they are likely to control some aspects of tumor spreading, leading to

recurrence and ultimately to death. In a first part of our studies, we tackled the

question of cytokines that maintain and activate T cell functions. Two cytokines are

major players in this prospect: IL-2 and IL-15 (Waldmann 2006). The latter

appeared to be of particular interest in the context of head and neck tumors as it

is not only critical for “in vivo” T cell survival and function but is also a strong

inducer of inflammatory cytokines such as IL-6, TNFa, IL-17, etc. (Ohteki et al.
2006). We became interested by what appeared to be an IL-15 paradox: in mice

models, IL-15 behaves as an antitumoral factor as it activates antitumoral CD8 and

NK cells (Yajima et al. 2002; Kobayashi et al. 2005), rescues CD8 T cells from

tolerance to leukemic cells (Teague et al. 2006), or improves the antitumoral

activity of passively transferred CD8 T cells (Klebanoff et al. 2004). However, in

humans, high intratumoral expression of IL-15 is associated with poor clinical

outcome in lung (Seike et al. 2007) and head and neck (Nguyen et al. 2007)

carcinomas.

IL-15 binds with high affinity to the IL-15 receptor (IL-15R)a chain, which

associates with the IL-2 receptor (IL-2R)b and IL-2Rg chains to tranduce IL-15

signaling. The trimeric receptor is therefore similar to the complex involved in IL-2

signaling where CD25 (IL-2Ra) would be the IL-2 specific counterpart of IL-15Ra.
We had previously reported in a large cohort of 234 head and neck cancers that

high serum levels of soluble IL-2R (sCD25) correlated with poor prognosis, both

at the local regional level (control of recurrence) and for OS (Tartour et al. 2001).

We measured levels of sIL-15R in the sera from 53 head and neck patients and

compared them to that found in sera from 40 healthy individuals. We found

significant quantities of circulating IL-15Ra in 66% of patients sera compared to

very low levels, except one case, in sera from normal individuals. Interestingly,

serum levels of sIL-15R had a clinical impact: patients with no circulating sIL-

15Ra had a significantly longer recurrence free survival and OS than patients with

circulating sIL-15R. What could be the underlying mechanisms by which sIL-15R

exert its deleterious impact? To address this question, we analyzed IL-15Ra in head

and neck tumors. Seventeen out of 48 tumors expressed IL-15Ra whereas normal

epithelial cells did not. They also expressed ADAM-17 a protease that cleaves

membrane associated IL-15Ra to produce soluble receptor. There was indeed a

correlation between the expression of ADAM-17 by tumor cells and serum levels of
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IL-15Ra. It is therefore likely that sIL-15Ra is produced by the tumor cells. Is it only

a marker of tumor mass or does it perform biological functions that could explain its

prognostic impact? We produced recombinant sIL-15Ra that we added to IL-15 to

measure its effects on IL-15 mediated activities. To our surprise, sIL-15Ra did not

act as a decoy receptor, but greatly synergized IL-15 induced production of IL-6,

TNFa, and IL-17 by human peripheral bloodmononuclear cells. It also increased IL-15,

but not IL-2, induced CD8 proliferation. We propose that, with other pro-inflamma-

tory components, the pro-inflammatory effect of the IL-15/sIL-15Ra complex

dominates over that of the CD8 activation at the tumor site and entertains the bed

for local tumor recurrence (Badoual et al. 2008).

Due to the high inflammatory content of head and neck tumors, it is possible that

the lymphocytic infiltrates have no clinical impact, either because they are anergic

or apoptotic or because they are overcome. We revisited various aspects of T cell

infiltration in a cohort of 84 head and neck patients with squamous cell carcinoma

in which the tumor had been resected. In contrast to colorectal cancer for example,

we found no prognostic impact of the number of CD8 T cells. When infiltrating

CD4 T cells were enumerated, we found large numbers in 60% of the tumors. In

view of their heterogeneity, we counted CD4+CD25+, CD4+CD69+, and CD4

+Foxp3+ cells. Multivariate Cox analysis of histopathological (T stage) and

immune (CD4+CD69+ and CD4+Foxp3+) markers revealed that CD4+Foxp3+

was associated with lack of local recurrence but not OS whereas CD4+CD69+

correlated with good survival but not local control (Badoual et al. 2006). This

contrasts with a deleterious reported impact of the number of Foxp3+ cells (Curiel

et al. 2004; Hiraoka et al. 2006; Fu et al. 2007).

Such a “paradoxical” beneficial effect of Treg (or at least Foxp3 positive T cells)

has also been reported in colorectal cancer in man (Salama et al. 2009) and on the

induction of colon cancer (Erdman et al. 2003, 2006) or spontaneous intestinal

adenoma (Erdman et al. 2005) in mice. It is striking that the tumors in which Foxp3

positive T cells have been reported to be of favorable prognosis are highly inflam-

matory. We think that the overall interpretation of these data is that in inflammatory

tumors, high numbers of infiltrating Treg are beneficial in terms of local control by

their anti-inflammatory activities whereas activation of a tumor specific memory

CD8 T cell response is necessary to control metastatic spread and OS (Badoual

et al. 2009) (Fig. 4).

In fact, inflammation and immunosuppression are often associated in the tumor

microenvironment. For example the proinflammatory cytokine IL-6 in conjunction

with TGFb permits the differentiation of Th17 cells (Wilson et al. 2007) which

amplifies local recruitment of inflammatory cells (Ciree et al. 2004) and the

production of other inflammatory mediators. However, IL-6 will also activate

STAT3, a transcription factor overexpressed in 58.9% of head and neck tumors

(Nagpal et al. 2002). Other factors, upregulated in head and neck cancer (IL-10,

VEGF. . .), could also increase the expression of STAT3. Activation of STAT3 will
be responsible for various immunosuppressive activities such as the blockade of DC

maturation and the release of IL-10, which inhibits T cell and macrophage activa-

tion and downregulates HLA expression (Kortylewski and Yu 2008).
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Other inflammatory cytokines (TNFa, IL-1. . .) will induce cyclooxygenase

2 (COX-2) that converts arachidonic acids to PGE2, a prostaglandin responsible

for various immunosuppressive activities. Indeed, PGE2 has been reported to

enhance IL-10 production, down-regulate DC function and inhibit IL-12 production

in DC (Harizi et al. 2002). PGE2 facilitates the expansion of FoxP3+CD4+CD25+

naturally occurring regulatory T (nTreg) cells (Baratelli et al. 2005) and the

induction of IL-10 producing CD4+ type 1 regulatory T (Tr1) cells in a COX-2–

positive microenvironment (Akasaki et al. 2004; Bergmann et al. 2007). It is

therefore tempting to postulate that the beneficial effects of anti-inflammatory

compounds such as aspirin or Cox2 inhibitors in the prevention of human cancers,

particularly colorectal cancer, may be not only the consequence of blockade of the

well-known pro-tumoral effects of inflammation but also in part by “cooling” the

tumor microenvironment, allowing a diluted or inhibited local immune reaction to

control the tumor.

6 The Immune Reaction in a Tumor Developing in

an Immuno-Priviledged Site: The Case of Primary

Intraocular Lymphoma

The eye is considered to be an immunological sanctuary lacking any inflammatory

and lymphocytic infiltration in its physiological state. In contrast, the vitreous

cavity naturally contains immunosuppressive molecules such as TGFb or VIP

which are believed to suppress any attempt of potential immunological aggression.

In pathology, the eye may be the site of an intense inflammation such as in uveitis,

origin of which can be infectious or autoimmune (Bodaghi 2005; Mochizuki 2009).

Beneficial effect
of T effector/memory

cells

Deleterious effect
of inflammation

T regulatory cells T regulatory cells
IL-6

TNF

IL17

IL-15/sIL-15R

The Treg paradox

Beneficial effect of Treg Deleterious effect of Treg

Fig. 4 Paradoxical effects of Treg: Treg are of good prognosis (on the left) in inflammatory tumors

when they inhibit the protumoral effect of inflammation mediated by protumoral cytokines such as

IL-6, IL-17, TNF, and IL-15/sIL-15R. Treg are of bad prognosis (on the right) when they inhibit

the tumor specific memory CD8 T cells necessary to control metastatic spread and overall survival
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Some tumors can develop in the eye, among which are retinoblastoma, choroı̈d

ocular melanoma, and primary intraocular lymphoma (PIOL). PIOL is a rare

disease from the group of Diffuse Large B-cell Lymphoma (DLCBL) and is usually

called “uveitis masquerade syndrome” as it frequently displays misleading symp-

toms with forms of infectious uveitis. PIOL is genetically very similar to central

nervous system lymphoma of other locations such as intra-cerebral, spinal cord, and

lepto-meningeal lymphomas. Like other tumors developing in immune-privileged

sites or in immune-compromised individuals, PIOLs are very aggressive with a

5-year survival rate of less than 5%. In addition, PIOLs have very peculiar invading

characteristics with 85% developing cerebral lymphoma and 80% metastasing to

the controlateral eye (Nussenblatt et al. 2006). The question therefore arose to the

existence of immune surveillance toward PIOL in the eye. The presence of T cells

in tumoral eyes has been reported and we confirmed this point. On measuring the

cytokine levels in the vitreous humor from 17 PIOL patients, high levels of IL-10

were detected mainly produced by the B cell lymphomatous cells as previously

reported since IL-10 levels are considered as a diagnostic marker for PIOL (Cassoux

et al. 2007). We found low levels of IFNg but no evidence for a local IL-2 and IL-4
production (Fig. 5). The presence of IFNg and the lack of IL-2 support the

hypothesis of an ongoing impaired Th1 reaction in the tumoral eye. In view of
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Fig. 5 Cytokine profile in eyes with intraocular lymphoma and influence of T-cell stimulation on

cytokine secretion: (a) 25 mL of vitreous humor from patients with nonhaemorrhagic retinal

detachment (RD) or primary intraocular lymphoma (PIOL) was subjected to IL-2, IFNg and IL-

4 measurement using a human (hu) Cytometric Bead Array Flex (BD Biosciences), according to

the manufacturer’s instructions. (b) 100,000 murine ocular cells obtained from PBS (filled dots) or
IIA1.6-GFP (open dots) injected eyes were cultured in medium alone, or stimulated in vitro with

anti-CD3e and anti-CD28 mAbs (BD Biosciences). After 36 h, culture supernatants were assayed

for IL-2, IFNg, and IL-4 using a mouse (mu) Cytometric Bead Array Flex (BD Biosciences),

according to the manufacturer’s instructions. Each dot corresponds to the result of an individual

eye and the horizontal black bars symbolize the mean of the respective results. The dashed lines
represent the baseline of detection for each cytokine
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the prognostic impact of a strong “in situ” Th1 infiltration in many tumors, as

discussed above, we investigated more thoroughly the immune reaction in the eyes

with PIOL. Owing to the scarce quantities obtained after surgical vitreous biopsy of

human PIOL, we established a murine model of PIOL in which one eye of BALB/c

mice was intravitreally injected with murine B lymphoma IIA1.6 cells (Touitou

et al. 2007). As a control, PBS was injected in the eyes of naı̈ve mice. The tumor

cells progressively invaded and filled the whole posterior chamber. The tumoral and

control eyes were surgically removed at day 19 and dissected for functional studies.

Firstly, we observed a progressive increase of T cells, both CD4 and CD8 in the

tumoral eyes. No T lymphocytes were found in the control eyes. Secondly, when

living cells were incubated in medium for 36 h, IL-10 (produced by the lymphoma-

tous cells; data not shown) and small amounts of IFNgwere detected, but no IL-2 or
IL-4, mimicking the human situation (Fig. 5). Polyclonal T-cell stimulation using

anti-CD3/CD28 antibodies resulted in the induction of IL-2 secretion, a high

increase of IFNg but did not allow IL-4 detection in the supernatants. Conversely,

LPS had little effect on lymphocyte-produced cytokines, but highly increased the

production of inflammatory (IL-6 and TNFa) cytokines (data not shown). Our

mouse model confirmed the human situation showing that an impaired Th1

response is present in PIOL tumoral eyes, and can be rescued by proper T cell

stimulation (anti-CD3/CD28). We question the possible reason for this impaired

reaction by searching for regulatory T cells. We indeed found CD4+CD25+FoxP3+

cells in tumoral eyes of PIOL mice and not in the PBS control eyes. Interestingly,

there was a strong correlation between the number of intratumoral Treg and the

number of tumoral B cells in the eye. Although, the total number of CD4 and CD8

T cells also increased with time, there was no correlation with the number of

tumoral B cells (unpublished data). This observation suggests that in an immuno-

priviledged site, physiologically prone to suppression, there may be a major role

for Treg in promoting tumor growth by impairing potentially efficient immune

reactions.

7 Conclusions

Through different examples drawn from our analyses of human tumors, we propose

a few rules emerging to understand host�tumor interactions. We first believe that

the microenvironmental immune reaction is essential in the natural history of a

cancer. A strong Th1/cytotoxic memory T cell infiltrate, correctly located in

tumoral territories is needed to control evading potential metastatic cells. The

reaction needs to be coordinated and is influenced by other microenvironmental

factors such as VEGF which induces a strong neovascularization but also acts as an

immunosuppressive factor by blocking DC maturation thus favoring Treg produc-

tion. A relevant adaptive immune reaction may be shaped in the draining lymph

nodes but even more accurately in TLS adjacent to the tumor beds which behave as

tertiary lymphoid organs. In these structures where mature DC interact with T cells
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and follicular DC with proliferating B cells, efficient memory T cells, both CD4 and

CD8, are educated and may infiltrate the tumor to keep metastasis on hold. It is also

possible that some educated memory T cells leave into the periphery where they

control metastatic cells that have escaped the primary tumor, which explains the

strong prognostic value of T memory cells and TLS on OS. In particular situations,

such as highly inflammatory tumors or tumors developing in immunopriviledged

sites, Treg may have a strong impact by diminishing inflammation or impairing

immune responses. In case of inflammation decreased by Treg, one would expect a

strong positive effect of Treg locally, rather than on distant metastasis, as is the case

in head and neck cancer. Finally, a good knowledge of the complex tumor-immune

cell interactions “in situ” provides excellent prognostic markers and therapeutic

avenues. In this respect, it is of interest that efficient antiangiogenic therapy

correlates with a decrease of Treg in responding patients (Adotevi et al., submitted).

Tools now exist and time has come for a routinely adapted analysis of the intratu-

moral immune reaction, in addition to the classical tumor-associated markers, in

clinical human cancers.
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