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Chapter 1 

General Introduction 

The immune system is designed to eliminate invading pathogens and malignant cells. In higher 

organisms the first line of defense is mediated by components of the innate immunity. The 

macrophages and neutrophils of the innate immune system recognize pathogens by means of 

receptors that bind repeating structural motifs of microorganisms. If pathogens can breach this 

early defense mechanism an adaptive immune response will ensue. The specificity of the 

adaptive immune system is determined by the antigen receptors on B cells (B cell receptor) and 

T cells (T cell receptor). The B cell receptor consists of immunoglobulin domains able to bind 

specific antigen. The secreted forms of immunoglobulins (antibodies) exert the humoral effector 

function of B cells: eradicating pathogens in the extracellular spaces of the body. CD4 and CD8 

positive T cells can be activated if their T cell receptor detects antigen-derived peptides 

presented by major histocompatibility complex (MHC) class II and class I molecules, 

respectively. MHC class I molecules bind peptides derived from cytoplasmic proteins and are 

expressed on all nucleated cells, reflecting the specialized effector function of CD8* T cells: 

specific killing of any infected or mutated cell. MHC class II molecules are expressed on 

professional antigen-presenting cells (i.e. dendritic cells, B cells and macrophages) that are 

specialized for processing and presenting exogenous antigens. The main function of CD4* T 

cells that recognize the MHC class II molecules is to help other cells of the immune system (i.e. 

B cells, CD8+ T cells and macrophages) to fulfill their function. 

Regulation of the adaptive immune response 

After encountering pathogen-derived antigens, naïve T cells clonally expand and acquire 

effector cell properties. In mice, it has been estimated that precursor populations of antigen-

specific CDS* T cells increase in size from 100-200 cells up to 1 * 107 cells during bacterial and 

viral infections1"3. After this expansion phase more than 90% of the effector T cell pool 

experiences contraction via apoptosis (Figure 1). The remaining population of T cells has 

acquired the ability to generate a more rapid and greater response in case of re-infection with 

the same pathogen and is maintained for a long time4. This property of remembering adaptive 

immune responses, entitled as immunological memory, is exploited for vaccination of humans 

with a dead or attenuated form of the pathogen. 

Primary responses of naïve CD8* T cells to non-inflammatory immunogens are CD4* T cell help 

dependent. This support of CD4+ T cells acts either directly to CD8+ T cells or indirectly through 

stimulating antigen-presenting cells that prime CD8+ T cells, and involves signals delivered 

through the tumor necrosis factor (TNF) family member CD40 ligand (CD154) and its receptor5" 
8. Although, primary CD8+ T cell responses to infectious agents such as viruses and bacteria are 

generally unaffected by the absence of CD4+ T cells9"11, the memory CD8* T cell response to 

these pathogens requires help from CD4+ T cells12'14. 
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Figure 1. The antigen-specific T 
cell response. The three phases 
of the response are indicated at 
the top. The increase in cell 
number during the expansion 
phase is due to clonal expansion 
of T cells undergoing cell division. 
After antigenic clearance, the 
contraction phase ensues and the 
number of antigen-specific T cells 
decreases because of apoptosis. 
The remaining population 
stabilizes and can be maintained 
for lifetime. In general, the 
magnitude of the CD4* T cell 
response is lower than that of the 
CD8" T cell response. 

Days post antigenic challenge 

The expansion phase 

Priming of CD8+ T cells can occur within several hours after infection and within 2 days active 

killer T cells appear. After the initial antigenic encounter, CD8+ T proliferation is independently of 

further antigenic stimulation and the CD8+ T cells are committed to at least 8 cell divisions15"18. 

However if the antigenic stimulation is less than 4-6 hour the programmed proliferative response 

is abortive19. Recruitment of CD8+ T cells ends between 48 and 96 hours after antigenic 

challenge as a consequence of a feedback regulation of primed CD8* T cells that eliminates the 

activated antigen-presenting cells20. 

During the expansion phase both naive CD4+ and CD8+ T cells can differentiate into at least two 

functional subsets of effector cells characterized by cytokine production profiles21. Type 1 T cells 

produce cytokines such as interferon-y (IFN-y), tumor necrosis factor (TNF) and interleukin-2 

(IL-2) and promote cell-mediated immunity. Type 2 T cells, which secrete cytokines including IL-

4, IL-5, IL-6 and IL-10, have an important role in the humoral immune response. The 

differentiation into these polarized cytokine profiles correlates with the chromatin remodeling of 

the expressed cytokine2223. Important factors that influence the decision of becoming either type 

1 or type 2 are the presence of IL-12 or IL-4, respectively, at the initial activation. Generally, 

cytokine production by CD8* T cells occurs in a rapid on/off fashion tightly regulated by 

antigenic contact24. Besides acquiring the ability to produce cytokines, CD8* T cells are also 

equipped with the cytolysis-inducing molecules perforin and granzyme and the apoptosis-

inducing CD95 ligand (FasL/APO-1L) to execute antigen-bearing target cells25. 

The contraction phase 

After expansion, antigen-specific CD8+ T cell responses are programmed to subsequently 

contract, independently of the duration of infection or amount of antigen displayed26. However, 

the contraction phase is not entirely unmodifiable. Both positive and negative factors can 

modulate this stage of the T cell response. The administration of IL-2 during expansion phase 

results in higher levels of antigen-specific T cells27 whereas the effector cell molecules perforin 

and IFN-y have a downsizing influence28. The role of the death domain containing TNF receptor 

family member CD95 in apoptosis of mature T cells is controversial. While some report that 

CD95 is involved in death of activated T cells in wVo29"31 others do not32"36. Whether other 

expansion memory 

CD8*T cells 

CD4* T cells 
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factors also have contraction-modulating properties remains to be investigated. Candidate 
cytokines are IL-4, IL-7 and IL-15 because these cytokines can reduce the death of T cells in 
vitro as well as in vivo by supporting survival and proliferation37. Apparently, the importance of 
downregulating activated T cells is to prevent immunopathology since excessive expansion or 
defective contraction of T cells (particularly CD8*) results in severe or even fatal outcome38,39. 
This collateral damage to the host is primarily caused by the same lytic machinery and 
cytokines (mainly IFN-y) involved in pathogen clearance. 

The memory phase 
During clonal expansion and the ensuing contraction memory T cells progressively acquire40 

quantitative and qualitative properties to control infections more effectively after challenge with 
the same pathogen: 
-The precursor frequency of antigen-specific T cells in antigenic challenged animals is 
considerably increased (>1000-fold) as compared to naive animals. 
-Memory T cells are endowed with the capacity to faster cell division and to produce important 
mediators such as interferon-y, RANTES, and the cytotoxic molecules perforin and granzyme B 
in larger quantities and more rapidly than naïve T cells41"44. 
-Naive T cells express primarily the molecules CD62L and CCR7, which facilitate migration into 
peripheral lymph nodes4546. Memory T cells are categorized, based on expression of these 
homing molecules, into two subsets: the CD62LhlCCR7* central memory T cells and the 
CD62Ll0CCR7" effector memory T cells47. The lack of these molecules on effector memory T 
cells allows these cells to circulate into non-lymphoid tissues48, the site where microbial 
infections generally commence. 
-The secondary CD8+ T cell contraction is delayed as compared to primary contraction, 
reflecting increased resistance to apoptosis of secondary effectors4950. In addition, the memory 
T cells situated in peripheral tissues are more resistant to apoptosis than those in lymphoid 
organs51. 
-Memory T cell populations are stably maintained for a long time; especially in case of CD8+ T 
cell memory52. This replenishment of memory T cells, entitled as homeostatic proliferation, is 
MHC interaction independent5354 and driven by the cytokines IL-15 and IL-7 for CD8+ T cell 
memory55"57. Factors influencing memory CD4+ T cell numbers have not been identified yet. In 
contrast to memory T cells, naïve T cells require self MHC tickling58 and are maintained, albeit 
for shorter periods, by an IL-7 driven proliferation59. 

Requirement and modulating effects of costimulation in T cell responses 
Effective activation of T cells not only requires signals from the T cell receptor after its 
interaction with peptide-MHC complexes but also costimulatory signals. Costimulatory 
molecules affect the level of T cell activation by enhancing T cell receptor signaling60 and/or 
providing additional signals that increase expansion of T cell populations and their responses. 
The best defined costimulatory signals are mediated by interactions between CD28-B7 and 
ICOS-ICOSL belonging to the immunoglobulin family61 and between TNF receptor family 
members and their ligands62, exemplified by CD27-CD70, OX40-OX40L, and 4-1BB-4-1BBL 
(see for details Figure 2). Although costimulatory molecules share their ability to enhance TCR-
driven T cell expansion, they possess distinct properties. First, whereas some costimulatory 
molecules act early (CD28) to augment T cell receptor-derived signals other support late T cell 
responses (OX40-OX40L and 4-1BB-4-1BBL)6364. Second, the effects on CD4* and CD8* T 
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cells can vary: deficient OX40 signaling impairs CD4+ T cell responses, whereas CD8+ T cell 

responses are largely unaffected65"67. In contrast, 4-1BB signals appear to modulate CD8" T cell 

responses preferentially68"71. Third, costimulatory signals have diverse outcome on cytokine 

production. Whereas CD28 delivers a potent IL-2 production signal72, ICOS derived signals 

stimulate production of IL-1073. Whether signals of the costimulatory TNF receptor family 

members favor a particular cytokine profile is poorly examined. Besides their critical role in 

expansion of T cells, costimulatory molecules might also influence the contraction phase by 

inducing anti-apoptotic molecules belonging to the Bcl-2 family74"76. 

CD28-mediated signals are counterbalanced by the homologous inhibitory CTLA-4 receptor77, 

thereby preventing an otherwise fatal overstimulation of the immune system78,79. Thus far 

counteracting molecules for the costimulatory TNF receptor family members have not been 

identified. 

Figure 2. Representation of the costimulatory 
ligands of the TNF family and their receptors. 
Ligands of the TNF family are homotrimeric type II 
transmembrane proteins with a carboxy-terminal 
extracellular domain and an amino-terminal 
intracellular domain. The C-terminal extracellular 
domain (also known as the TNF homology 
domain) has 20-30% amino acid identity between 
the superfamily members. The TNF receptor family 
molecules are type I transmembrane monomers 
(extracellular N-terminus and intracellular C-
terminus) and are thought to trimerize when 
interacting with their ligands. The receptors are 
characterized by cysteine rich repeats in the 
extracellular domain. Soluble forms of receptors 
have been identified. 

Manipulation of costimulatory interactions for therapeutic strategies 

Given the critical role T cells play in control and clearance of viral infections and malignant cells, 

strategies to enhance T cell responses may have important clinical applications80"82. One such 

strategy is the exploitation of T cell costimulation. Several methods have been used to 

incorporate therapeutic approaches for treatment of malignancies based on costimulation 

enhancement: transfection of tumors with costimulatory molecules83"89, blocking or neutralizing 

the inhibitory CTLA-4 receptor of B7 thereby increasing CD28-B7 interaction90 and specific 

targeting of costimulatory receptors with agonistic monoclonal antibody71,91"93. The latter 

approach has also been shown to enhance viral-specific T cell responses94.T cell responses 

have, however, a dark side. Their lytic machinery can have detrimental consequences to the 

host when T cells migrate excessively into inflammatory tissues or are directed against self-

antigens as in autoimmune disorders, transplanted tissues during transplant rejection and host 

tissues in graft-versus-host disease. In these cases, abrogation of costimulatory interactions 

could have therapeutic benefits. Indeed, several mouse studies have shown the potential of 

blocking costimulatory interactions in treating allergic lung inflammation9596, rheumatoid 

arthritis97, experimental autoimmune encephalomyelitis9899 and graft-versus-host disease100"102. 

CD27L CD134L 
CD70 OX40L 

4-1 BB 
CD137 

TRAF binding doma 

Cysteine-rich doma 
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Scope of this thesis 

Because of the complexity of the numerous costimulatory interactions, it is not clear which 

interactions are essential for generating an effective immune response and whether 

costimulatory molecules have unique or overlapping functions. Insight into the nature of 

costimulatory signals might provide important concepts to enable successful immunotherapeutic 

approaches. 

This thesis focuses on the role of CD27-CD70 interactions in adaptive immune responses. The 

TNF receptor family member CD27 is constitutively expressed on the majority of T cells and on 

subsets of antigen-experienced B cells, NK cells and hematopoietic progenitor cells103"107. In 

contrast, expression of its ligand CD70 is tightly regulated and only transiently found on 

activated T cells, B cells and dendritic cells108"110. Thus far, in vitro studies have revealed a 

costimulatory role of CD27-CD70 interactions for T cells106111. However, the nature of CD27-

CD70 costimulatory signals in vivo remained indistinct. 

To assess the role of CD27-CD70 interactions in vivo, a mouse model was generated in which 

CD27 was permanently ligated by constitutive expression of CD70 on B cells (chapter 2). These 

CD70 transgenic mice show an increased differentiation toward IFN-y producing effector-

memory type T cells and exhibit a progressive B cell depletion mediated by the T cell-derived 

IFN-y. In chapter 3 the role of CD27-CD70 interactions in the instructional program of antigen-

specific T cell development was examined. It was found that CD27 ligation enhances antigen-

specific CD8+ T cell responses to influenza virus and tumors quantitatively and qualitatively. 

Importantly, this CD70-mediated improvement of effector CD8+ T cell formation efficiently 

protected to lethal tumor challenge. Nevertheless, as described in chapter 4, in the long run 

constitutive CD27-CD70 interactions are not beneficial because they eventually exhaust the 

immune system. In chapter 5, we sought to determine factors counterbalancing the CD70-

induced effector-cell formation and found that IFN-y and particularly CD95 are important 

regulators. In chapter 6 signaling through CD70 was investigated, and indicated that CD70 

ligation on B cells results in cell cycle entry and concomitantly inhibits IgG production. In chapter 

7 we examined the outcome of the progressive B cell depletion in the CD70 transgenic mice on 

the different macrophage subsets. Finally, in chapter 8 a general discussion of the preceding 

chapters is presented. 
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