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Figure 1- T-cell fate under different conditions of TCR engagement. 

Simultaneous recognition of a specific MHC-peptide complex by the T-cell 

receptor (TCR) and of CD80 or CD86 by the co-stimulatory receptor CD28 

• 
results in T-cell activation, cytokine production, proliferation and 

differentiation. In the absence of CD28 ligation, T cells undergo apoptosis or 

become anergic. After T-cell activation and upregulation of cytotoxic T

lymphocyte antigen 4 (CTLA-4; CDI52), co-ligation of the TCR and CTLA-4 

results in cell-cycle arrest and termination of T-cell activation. 

From Alegra et al., 2001 

Reprinted by permission from Nature Reviews Immunology, Alegra et aI., T

cell regulation of CD28 and CTLA-4. Nat. Rev. ImmunoI. 1:220-228. 

copyright 2001, MacMillan Magazines Ltd. 
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• 1.1.5.2 Biological response modifiers 

• 

The strategy based on biologicl response modifiers is centered on the 

modulation of the immune system to eradicate tumors. The first attempts were made 

with cytokines. It was known that the interferons (IFNs) had a direct antiproliferative 

effect on renal tumor cells in vitro (36) and that they enhanced Ag presentation 

through MHC (Major Histocompatibility Complex) molecules (37). Many clinical 

trials have been performed using IFNs in the treatment of RCC. Interferon-¥' was 

shown to provide no benefit over placebo in patients with metastatic RCC (38). 

Studies have also been performed with recombinant Interleukin-2 (rIL-2). The use of 

high doses intravenous bolus rIL-2 resulted in objective response rate reaching 

approximately 20%. In addition, a large proportion of the responders to high dose IL

2 will maintain prolonged clinical response (6). Unfortunately, significant toxicity is 

associated with the use of rIL-2 (6, 30). Consequently, biological response modifiers 

such as either rIL-2 or IFN-a are still used but the need to find new and effective 

alternatives is pressing. Given the limited success of those two individual cytokines, 

attempts have been made to see if they have a synergistic effect. Once again, the 

clinical response rate was limited with only 5% of patients achieving a complete 

response (6). Furthermore, the combination does not lead to improved survival but 

increases toxicity (39). IL-6 being elevated in RCC, its use was tested in a phase I 

clinical trial. Although IL-6 was well tolerated, its use in the treatment of metastatic 

RCC was not recommended because of the poor response rate observed (30). IL-12 is 

known to enhance T helper 1 (Thl) cytotoxic responses and is being tested alone or in 

conjunction with IL-2 in the RENCA mouse model (40, 41). 

1.1.5.3 Exogenous lymphocyte infusion 

The use of tumor infiltrating lymphocytes (TILs) has been another promising 

• 
approach in the treatment of RCC. In fact, ex vivo expansion of lymphocytes obtained 

from the tumor with recombinant IL-2 and reinfusion in conjunction with cytokine 
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• therapy generated a 33% response rate in a Phase II trial (42). However, a randomized 

controlled trial using nephrectomy, blinded TIL/placebo infusion and IV IL-2 therapy 

did not demonstrate a benefit in using TILs over IL-2 alone (43). 

1.1.5.4 Vaccines 

In the context of cancer, it is very interesting to think in terms of vaccine 

strategies, given the very unpleasant side effects of current therapies. Currently, the 

use of vaccines is mostly prophylactic and their goal is centered in the prevention of 

infectious diseases such as rubella and diphtheria. For cancer, a therapeutic vaccine 

(e.g. a vaccine administered as a cure) would be ideal but considering the different 

types of cancer, it would be impossible to manufacture an antigen that would be 

common to all cancer types. The use of cancer vaccines will be discussed in details in 

another section (see section 1.2.7). 

Right now, there are no licensed vaccmes for RCC (30), although several 

interesting approaches have been developed and many clinical trials are being 

performed. As an example, a trial is being performed in patients with VHL mutations. 

It involves vaccination of patients with a peptide containing a mutation particular to 

the tumor (30). Another vaccine based approach therapy for RCC is making use of 

heat shock protein (HSP) 96 isolated from the tumor. This HSP carries tumor-specific 

peptides that are hopefully immunogenic. There are currently two randomized phase 

III trials going on and results are awaited (30, 44). The third approach for which 

clinical trials are underway for RCC treatment is to transduce tumor cells with co

stimulatory molecules such as CD80. A Phase I clinical trial was performed where 

transduced cells were administered in conjunction with the administration of IL-2. 

Four of nineteen patients responded but the discrimination between the effect of IL-2 

and the vaccine could not be achieved in such a small cohort (45). Further studies are 

needed. As mentioned earlier, the vaccine approach is extremely interesting in RCC 

for two reasons: firstly, as no efficient treatment is available, it could represent an 

• interesting alternative; secondly, in general, the side effects of DC vaccination are 
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relatively minor. For example, in the case of DC therapy against melanoma (46), 

patients experimented redness at the site of injection, fever and vitiligo. 

1.1.6 Immunosuppression 

1.1.6.1 T cell apoptosis in RCC 

The relative poor response rate of therapeutic immune trials directed against 

RCC may be at least partially explained by inactivation signals resulting in 

immunosuppression. It is thought that the inactivation signals may originate from the 

tumor itself (47). In accord with this immunosuppression hypothesis, it has been 

demonstrated that T cell apoptosis reduces the immune response against tumor cells. It 

has been observed in vitro that T lymphocytes from patients with RCC undergo 

massive apoptosis and have altered signaling pathways, leading to nuclear factor-KB 

• (NF-KB) inactivation (47). As will be described later, NF-KB is a transcription factor 

controlling many genes involved in the immune response and the protection against 

apoptosis (48) When examined ex vivo, the TILs from renal tumors exhibit impaired 

proliferation and cytotoxicity (49). This could be explained by the large portion (15 to 

20%) of these TILs undergoing apoptosis as demonstrated by terminal 

deoxynucleotidyl transferase-mediated nick-end labeling (TUNEL) assay. 

Furthermore, T lymphocytes harvested from healthy donors will undergo apoptosis 

when cultured in the presence of RCC tumor supernatant (50). This tumor-induced T 

cell apoptosis is thus an obstacle to the generation of an efficient immune based 

therapy. It has also been demonstrated that patients treated with IFN-a that have 

undergone nephrectomy have an increased survival compared with patients treated 

with IFN without having a nephrectomy (51). This is one more indication that an 

immunosuppressive molecule is secreted by the tumor and that its removal is 

beneficial for treatment. A better understanding of the mechanism resulting in this 

• 
immunosuppression is necessary in order to develop more successful therapies. 
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• 1.1.6.2 NF-lCB signalling pathway 

NF-KB is a transcription factor regulating the expression of many genes. In 

mammals, NF-KB exists as hetero and homodimers formed by different combinations 

of these five proteins: NF-KB1 (p50), NF-KB2 (P52), c-Rel, RelA (P65) and RelB 

(48). All these proteins have a ReI homology region which is responsible for nuclear 

• 

localization, and also for DNA binding (52). Under normal, unstimulated conditions, 

NF-KB is present in the cytoplasm in an inactive form where it is bound by the I-KB 

family of inhibitors. The I-KB proteins bind NF-KB through the Rei sequence, thus 

hiding its nuclear localization signal and preventing its nuclear translocation. Under 

these conditions, NF-KB cannot regulate the transcription of targeted genes (53). 

Activation of the NF-KB pathway is mediated by cell surface receptors interaction 

with their ligand (Figure 2), such as cytokines, LPS (lipopolysaccharide) and TCR or 

by physicochemical stress such as hypoxia or UV light. These signals lead to the 

activation of the IKK kinases, which phosphorylate the inactive I-KBINF-KB complex. 

Once phosphorylated, I-KB is ubiquitinilated and degraded by the 26S proteasome. In 

the absence of I-KB, NF-KB is then free to go to the nucleus and activate gene 

transcription (53). Among the many genes activated by NF-KB, there are genes 

involved in the immune and inflammatory response such as cytokine, cytokine 

receptor and MHC class I genes, as well as genes involved in cell survival and 

prevention of apoptosis, like Bcl-2 and Bcl-XL (48). This cellular signaling pathway 

is present in almost every cell, but the rapid onset of NF-KB activation makes it ideal 

in the immune system where a rapid response is needed to initiate an immune 

response (48). 

•� 
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Figure 2- Proposed mechanisms for induction of NF-KB proteins. NF-KB 

molecules exist in the cytoplasm of most cells in an inactive form. NF-KB 

homo- and heterodimers are retained in the cytosol by the family of 

inhibitory molecules IKB. Extracellular inducers creating stress or 

indicating infection cause the activation of IKB kinase family of inhibitors 

through poorly defined pathway(s). Activation of NF-KB occurs 

predominantly through the phosphorylation and degradation of IKB 

proteins. Phosphorylation of IKB proteins IS followed by 

polyubiquitination, and they are degraded as part of their respective ternary 

complexes. "Free" NF-KB dimers translocate to the nucleus, where it 

upregulates expression from many genes involved in the immune and 

inflammatory responses. 

Adapted from Ghosh et al., 1998. With permISSIOn, from the Annual 

Reviews of Immunology, Volume 16 © 1998 by Annual Reviews 

www.annualreviews.org 
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• 1.1.6.3 Suppression of NF-lCB activation in RCC 

• 

Since NF-KB plays such a major role in the transcription of many cytokines 

important in T cell activation and since TIL from renal tumors were found to be 

dysfunctional (49), NF-KB was examined as being potentially involved in this process 

(47). Indeed, as mentioned earlier in section 1.1.6.1, the NF-KB pathway is 

suppressed in peripheral blood T cell from RCC patients. There is considerable 

evidence suggesting that this inactivation is due to soluble factors released by tumor 

cells (54-56). Some factors, such as IL-10, transforming growth factor (TGF) -p and 

prostaglandins may also playa role in tumor induced immunosuppression (47). In 

recent years, several teams have suggested that gangliosides might play an even more 

important role in the immunosuppression observed (57-60). Gangliosides are acidic 

glycosphingolipids that are present on the outer leaf of the plasma membrane (61). In 

normal cells, their role include regulation of cell differentiation and growth, cell 

adhesion, cell to cell interactions and membrane receptor modulation (61). Many 

solid tumors, including RCC, melanoma and neuroblastoma, aberrantly overexpress 

gangliosides and release them in the microenvironment (47). More specifically, GD 1a, 

GMt and GM2 are overexpressed in RCC (62) and these gangliosides have been 

known to interfere with Ag presentation and overall T cell function (47). RCC

derived gangliosides have been shown to inhibit NF-KB activation (63) and induce 

apoptosis (64) in normal T cells. The exact mechanism by which gangliosides exert 

this action is not fully understood, however, since I-KB is normally degraded, it is 

believed that the defect is directly affecting the free activated NF-KB (47). Although 

recently discovered, these inhibitory mechanisms, as well as immune based therapy 

approaches needs to be studied further. To do so, in vivo studies animal models are 

needed. 

1.1.7 Animal models of RCC 

Based on the properties of human RCC, the characteristics of an ideal animal 

model for RCC would be a) spontaneous origin, b) histologically proven to be 
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adenocarcinoma, c) predicable growth rate and d) similar ability to metastasize to 

human RCC (65). There are three models that fulfill these criteria: the rat kidney 

carcinoma in Wistar-Lewis rats (65), human RCC tumor xenografts in athymic mice 

(65) and the murine renal adenocarcinoma RENCA syngeneic to BALB/c mice (65). 

The rat model is not very easily reproducible, so although useful, this model is less 

used. The xenograft model is extremely useful to study the responsiveness of human 

RCC to therapeutic agents (65). The disadvantage of working with nude mice is the 

lack of T cells preventing any immunological studies. Since the avenue of choice for 

future RCC treatment is immunotherapy, this model is unfortunately not very useful 

(65). Therefore, although not perfect, the most suited and used animal model remains 

RENCA. 

1.1.7.1 The RENCA model 

RENCA is a tumor which arose spontaneously in the kidney of a BALB/c 

mouse (65). It can be cultured either in vitro or passaged in vivo by subcapsular renal 

or intraperitoneal injection in BALB/c mice (65). Histological analysis hasconfirmed 

that RENCA is an adenocarcinoma, and is thus very similar to human RCC (66). Just 

as in RCC, when RENCA is implanted under the kidney capsule, it forms a primary 

tumor and metastasizes to the lymph nodes, lung and liver (67). Its immunogenicity is 

relatively low, although natural killer (NK) cells have been demonstrated to have an 

important role in the control of metastasis (68, 69). Another of its remarkable features 

is that similar to RCC, RENCA does not respond to either hormonal, radiation or 

chemotherapy. Some evidence suggest the presence of tumor-induced 

immunosuppression in RENCA (70, 71). This immunosuppression involves mainly 

splenocytes, which have a defective NK activity as well as a failure to generate LAK 

activity in the presence ofIL-2 (70, 71). All those characteristics showing similarities 

with human RCC make RENCA a very relevant model to study human RCC. 

Based on the similar properties between human RCC and RENCA, and their 

suppressive effects on the immune system, we hypothesized that there should be some 

ways to increase the immune response against these tumors by increasing the amount 
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of putative antigens presented to T cells. Among the most potent APC is the DC, 

which will be described in detail in the following sections. 

1.2 Dendritic cells (Des) 

1.2.1 Dendritic cell function 

• 

DCs are APCs originating from the hematopoietic progenitors of the bone 

marrow (72). In fact, they are the most efficient APCs because, in addition to MHC 

class I and II molecules, they bear co-stimulatory molecules such as CD80 and CD86 

(73). Other APCs, such as macrophages and B cells, need to be activated to express 

co-stimulatory molecules, whereas DCs already express these molecules even in the 

resting state (72). As all the other APCs, DCs have phagocytic properties allowing 

them to capture, process and present Ags at the cell surface via MHC class II 

molecules (72). In new therapeutic approaches for cancer treatments, DCs were 

recently used to generate tumor vaccines (74). By using this strategy, the patient's 

own resources are "educated" to fight tumor without the toxic side effects of radiation 

or chemotherapy (74). 

One of the most remarkable features of DC is their mobility which can be 

observed at all stages of differentiation (75). DCs originate from bone marrow; 

migrate to peripheral tissues, where they reside in their immature state before they 

encounter Ags. That encounter, combined with the presence of chemokines, triggers 

their migration to secondary lymphoid organs. During migration, they undergo a 

maturation process that renders them more efficient APCs because of the up

regulation of co-stimulatory molecules expression. There, Ag-bearing DCs select the 

Ag-specific lymphocytes and elicit a strong immune response (72). All these 

properties make them on many aspects more potent than other APCs, thus justifying 

their use for immune based therapies. Their life cycle is pictured in figure 3 and 

further detailed in the next sections (76) 
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• 

Figure 3- The life cycle of human dendritic cells (Des). DCs originate 

from the bone marrow. Circulating precursors will encounter Ag and 

secrete IFN-a, which in tum can activate macrophages and NK cells. 

Following antigen-capture, immature DCs migrate to lymphoid organs, 

guided by chemokines expressed in lymphatic vessels and expressed in T 

cell zone. After maturation, DC display peptide-MHC complexes, 

allowing selection, expansion and differentiation of rare circulating 

antigen-specific lymphocytes. Activated T lymphocytes migrate and reach 

the injured tissue. Th cells secrete cytokines, which allow activation of 

macrophages and NK cells. CTLs eventually lyse the infected cells. 

Adapted from Nouri-Shirazi et ai, 2000.
 

Adapted from Immunology Letters, 74, Nouri-Shirazi, M., Banchereau, J.,
 

Fay, J., Palucka, K., Dendritic cell based tumor vaccines, 5-10, copyright
 

2000, with permission from Elsevier.
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1.2.1.1 Antigen capture 

• 

As mentioned earlier, immature DCs are already very efficient at capturing 

Ag. The capture is done by different pathways: macropinocytosis ("cellular drinking" 

of large volumes of liquid) (77), receptor-mediated endocytosis (77) and phagocytosis 

of larger particles such as bacteria or viruses (78). In fact, DCs constantly sample 

their environment by macropinocytosis of extracellular fluids (79), and they are the 

only APC able to do so without stimulation (80). The macropinocytosis is done 

through water channels called aquaporins (81). Once Ags are captured (by one of the 

mechanisms described above), DCs undergo maturation, which is very closely linked 

to migration. The maturation process involves up-regulation of expression of 

molecules, such as CD80 and CD86, which renders the DCs better at presenting Ag, 

as well as upregulation of the expression of different chemokine receptors expression, 

which enables DCs to migrate to different areas (82). In the process, their capacity to 

capture Ag is greatly decreased, mostly because of the loss of endocytic receptors 

(72), but also because the overall levels of phagocytosis and macropinocytosis are 

reduced in mature Des (79). 

Many different signals induce DC maturation: pathogen related molecules 

(LPS, bacterial DNA and double-stranded ribonucleic acid (RNA» (83-85), the 

balance between pro- and anti-inflammatory signals in the microenvironment (72) and 

T cell-derived signals, such as CD40L (72). Following those signals, the cells 

undergo many changes including morphological changes to increase motility, such as 

cytoskeleton reorganization (72) and antigen presentation, such as increase of MHC 

class II and co-stimulatory molecules on the cell surface (76). 

1.2.1.2 Antigen processing and presentation 

• 
DCs can present Ag via MHC class II, to elicit CD4+ T cell activation, or via 

MHC class I, to induce CD8+ T cell activation. Their Ag presenting potential is due 

to the fact that DCs are equipped with molecules able to capture, process and present 
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Ag. DCs also contain lysosomal compartments with a very high concentration of 

MHC class II molecules that are ready to be loaded. Inunature DCs capture Ags and 

target them to MHC class II compartments (86). 

• 

In immature murine DCs, newly synthesized MHC class II molecules are 

retained in lysosomal compartments. Upon DC maturation, the MHC class II 

molecules are transported to early endosomal compartments and then to the cell 

surface (87). The mechanism underlying this is the following: in immature DCs, the 

invariant chain localized in the lysosome is partly degraded and remains associated 

with MHC class II molecules. This fragment still contains the lysosomal retention 

signal. The poor degradation is due to the inhibition of a cysteine protease (cathepsin 

S) by cystatin C, a protease inhibitor. Upon maturation, cystatin C activity decreases, 

the invariant chain is degraded by cathepsin S, MHC class II is loaded with peptide 

and the complex is transported to the cell surface (88). Although this model is very 

elegant, it seems to be restricted only to a subset of MHC-Class II molecules called 

the I-Ab haplotype (89). For all other haplotypes, the internalization signal in the 

MHC class II ~ chain may be responsible for the lysosomal targeting and retention 

(90). 

In humans, the mechanism is slightly different. In immature DCs, newly 

synthesized MHC class II molecules first appear at the cell surface complexed with 

the invariant chain, are internalized in the lysosome for the invariant chain 

degradation by cathepsin S. These class II molecules are then loaded with peptide and 

finally recycled to the cell surface (91). Upon DC maturation, the rate of synthesis of 

MHC class II and the efficiency of MHC class II-peptide complex formation are both 

increased. Furthermore, the internalisation is strongly reduced so the net result is an 

increase in the number and stabilisation of peptide-MHC class II complexes on the 

cell surface (92). 

The DCs use different surface receptors to capture Ags, as well as different 

proteolytic machinery and those subtle differences may determine the nature of 

immunodominant peptides presented by MHC class II molecules (93). As a 

consequence, CD4+ T cells will be recruited, allowing diversity in the generated 

response. 
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In order to have an adequate immune response against any sort of invasion, 

CD8+ cytotoxic T cells must also be activated. This type of T cells are activated by 

DCs via MHC class I molecules, which can be loaded through both endogenous and 

exogenous pathways (93). In the endogenous pathway, cytosolic proteins are 

degraded by proteasomes and then loaded onto newly synthesized MHC class I 

molecules (72). The exogenous pathway involves a process called cross priming. 

This means that DCs have an alternative MHC class I pathway that can present 

peptides derived from exogenous Ags. This pathway is probably involved in immune 

responses against transplantation Ags, particulate Ags, tumors and viruses but 

represent a minor way to process and present Ag (93). The MHC class I pathway is 

very useful to activate cytotoxic CD8+ T cells to kill virus-infected cells. Briefly, the 

exact mechanism of MHC class I antigen degradation and presentation is: classical 

class I molecules assemble in the endoplasmic reticulum (ER) with peptides mostly 

generated from cytosolic proteins by the proteasome. The activity of the proteasome 

can be modulated by a variety of accessory protein complexes. A subset of the 

• proteasome subunits, and one of the accessory complexes, PA28, are upregulated by 

interferon--y and affect the generation of peptides to promote more efficient antigen 

recognition. The peptides are translocated into the ER by the transporter associated 

with antigen processing (TAP). A transient complex containing a class I heavy chain

132 microglobulin (132m) dimer is assembled onto the TAP molecule by successive 

interactions with the ER chaperones calnexin and calreticulin and a specialized 

molecule, tapasin. Peptide binding releases the class I-132m dimer for transport to the 

cell surface, while lack of binding results in proteasome-mediated degradation (94). 

Finally, those peptides are presented to CD8+ T cells and elicit a CTL response. 
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Figure 4- Antigen processing pathways. A) Endogenous antigen 
processing for presentation by Class I MHC molecules B) 
Exogenous antigen processing for presentation by Class II MHC 
molecules. See text for details. 

From http://www.med.sc.edu: 85/bowers/ant-pres.htm with 
permission of Dr Richard C. Hunt, webmaster 
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Fig. 1. I, The cell surface phenotype of bone marrow-derived DCs as determined by FACS analysis. On day 7 of culture. 106 cells were double
stained with fluorescent-labelled antibodies and propidium iodide used to exclude dead cells. Upper panel (A) isotype controls: lower panel (B) 
B7 coupled to fluorescein isothiocyanate and COllc coupled to phycoerythrin. II, (A). DCs in culture fixed onto glass slides and viewed by 
phase-contrast microscopy. (B). Haematoxylin-eosin stained cells. Both x 250. 

spleen cells in vitro to any antigen. However. splenocytes T cells from tumour-bearing animals could be induced to 
from tumour-bearing animals had a significantly lower produce interferon-I', an activator of natural killer cells 
proliferative capacity in response to DC stimulation than and cytotOXic T cells, both important effector cells for 
splenocytes from normal animals. Tumour-bearing tumour killing. The production of interferon-I' induced by 
animals appear to have immunosuppressed splenoctyes. phorbol myristate acetate and ionomycin was no less in 

• 
To test whether some immune functions are preserved T cells from tumour-bearing mice than in T cells from 

in tumour-bearing animals. we determined whether normal age-matched controls. with respective mean (SEM) 
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(C) Personnel authorise

Last Name First Name -1102 P33 '1.835 H3 C1C Fe59 1125 'aids Co57 Ci51 Na22

Chagnon Fanny H 0 O
Ozdal Levent iV1 LI LI

Tanguay Simon E- 0 LJ

(D) Conditions

Rb86

Le detenteur de permis interne et les personnes inscrites dans Ia section (C) sont autorises a utiliser les radioisotopes designes. Les
radioisotopes et leur activite respective liste dans Ia section (B) peuvent etre utilise dans les laboratoires listes dans Ia section (A), en
conformite avec les conditions inscrites dans la section (D). L'importation, le storage, Ia manipulation ainsi que la disposition du materiel
radioactif doit etre effectue en conformite avec la license de Ia CCSN, les regles federales ainsi que les politiques et procedures de Ia
radioprotection. La copie de la license de Ia CCSN est disponible au secretariat de la recherche (HRV) et au bureau de Ia radioprotection

(HRV salle S4.79, ext. 36133) 

Approuvee par: 	
Chef du Service de radioprotection (36133)

Date d'entree en vigueur: 	 26 June, 2002

Date d'expiration:	 01 Juin. 2004 
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