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GENERAL DISCUSSION 

T cells form an crucial part of the specific immune system in protecting the body against 

pathogens and malignant cells. T cells are activated upon recognition of pathogen-derived 

peptides in MHC molecules expressed on antigen presenting cells by their TCR. An 

effective T cell response requires adequate expansion of antigen-specific T cells, 

differentiation to acquire effector functions and migration to infected tissues (Fig. 1). 

Formation of memory T cells is essential to respond effectively to future encounters with 

the pathogen. In order for all these processes to proceed successfully costimulatory signals 

are indispensable. 

The aim of our research was to elucidate the role CD27, a member of the TNFR family, 

plays in shaping T- and B cell responses. In the mouse, CD27 is known to be expressed 

receptor on the great majority of naive and activated CD4+ and CD8+ T cells and on a 

subset of NK cells. It is absent on naive B cells, but acquired upon their activation (chapter 

5). Moreover, we have recently found CD27 on activated (mature) DC in vivo (chapter 6). 

CD70, the ligand for CD27, is found on NK cells and on B and T cells after antigen 

receptor activation (1-3). In addition, CD70 is found on mature DC, after their activation by 

signals such as CD40 or LPS (4,5). At the onset of the work described in this thesis, it was 

known from in vitro studies that costimulation via CD27 enhances antigen-induced T cells 

expansion in the human as well as the murine system (6-10). On human B cells, CD27 

ligation was found to promote plasma cell differentiation and antibody production (11-13). 

To unravel the contribution of CD27-CD70 interactions to the antigen-specific immune 

response in vivo, a CD27-deficient mouse previously created in our laboratory was studied. 

T cell activation and expansion 

T cell dynamics as outlined in figure 1, are initiated by T cell activation and subsequent 

expansion. Expansion serves to enlarge the population of antigen-specific T cells and is the 

result of balanced cell division and survival support of these cells. T cells are activated 

when the TCR binds to an MHC/peptide complex presented on an APC, in many cases, a 

DC. In addition to this antigen-defined signal, costimulatory signals are required to achieve 

an appropriate T cell response. 

Early on, CD28 was recognised as an important co-stimulator of T cell responses (14). The 

ligands of CD28, CD80 and CD86, are expressed on the mature DC and can trigger CD28 

which is expressed on the naive T cell. In this way, CD28 can contribute to TCR signalling 

by lowering the threshold for T cell activation (15). The nature of the CD28 signal is two

fold: first, triggering of CD28 enhances survival by upregulating Bcl-xL (16). Second, 

CD28 signals to enhance IL-2 production and upregulate the IL-2 receptor and thus 

promotes progression through the cell cycle (17,18). In contrast to CD28, most members of 
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Figure 1. Placing TNFR family members in dynamics of the antigen-specific T cell 
response.During priming, T cells are co-stimulated by CD28, where after CD27 supports the survival 
of the dividing T cells. In addition, CD27 may enhance survival of T cells during the effector phase 
and/or contraction phase. 4-IBB promotes the survival of T cells later in the CD8+ T cell response, 
while OX40 may prevent death during contraction or act indirectly on CD4+ T cells. In this way, 
CD27, OX40 and 4-IBB all affect formation of the number of memory T cells. OX40 and 4-IBB 
seem to install the capacity for secondary expansion during the primary response. CD27 may 
similarly do so, but this remains to be proven. 

the TNFR family and their ligands are upregulated after T cell activation, suggesting that 

interaction of these molecules does not occur during TCR-MHC/peptide interaction. 

However, CD27 is already expressed on the great majority of naive T cells and can be 

directly engaged by CD70. Activated DC express CD70, providing ligation of CD27 at the 

priming stage, when DC and T cell meet. B cells that express CD70 after antigen receptor 

triggering, may play a similar role. CD70 is upregulated on T cells after 1-2 days and 

requires TCR triggering. These expression kinetics initially suggested that CD27-CD70 

interactions between T cells may act to enhance ongoing expansion or survival at the site of 

infection. CD27 has also been found on B cells, but at low intensity and frequency (chapter 

6). In addition, DC have been found to express CD27, although the role of CD27 signals on 

DC is not known. 

Analysis of influenza-specific T cell responses in CD27"/_ mice and in vitro experiments 

with CD27"~ T cells allowed us to conclude that CD27 supports the survival of activated T 

cells without affecting cell cycle progression and does so throughout cell divisions 

(chapters 3 and 4). By comparing the contribution of CD27 and CD28 to T cell expansion, 

it was found that CD28 initially supports the survival of activated T cells, before T cells 

have completed their first division. This finding highlights the complementarity between 

CD27 and CD28 and further refines existing data on the mechanism of action of CD28, 

which was previously thought to provide survival support at a late stage during the response 

to initial antigen encounter (19). In contrast to CD27, CD28 also acts to enhance entry into 
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and progression though the cell cycle. CD27 can support the survival of T cells that lack a 

CD28 signal, but it cannot correct the defect in cell cycle progression (chapter 4). 

Experiments with receptor deficient mice showed that CD27 is the main determinant for the 

accumulation of T cells at the site of infection. Although the molecular basis of survival 

promotion by CD27 in the mouse is unknown, CD27 has been found to upregulate 

messenger RNA for Bcl-xL in human CD4+ T cells which may be the molecular mechanism 

of survival support by CD27 (Van Oosterwijk and Van Lier, unpublished results). 

Introducing constitutive Bcl-xL expression into T cells by crossing CD27_/" mice with Bcl-

xL transgenic mice may prove to rescue the survival defect that CD27"7" T cells have. 

Recent studies have shown that TNFR family members OX40 and 4-IBB both promote T 

cell expansion by supporting T cell survival. Both receptors upregulate the expression of 

Bcl-2 family member Bcl-xL and in addition OX40 upregulates Bcl-2, while 4-IBB 

promotes the expression of Bfl-1 (20,21). For OX40-deficient T cells, it has been proven 

that the signal defect can be rescued by retrovirus-mediated Bcl-xL expression (20). The 

upregulation of Bcl-xL and Bfl-1 by 4-IBB triggering was shown to be downstream of NF-

KB activation, but not downstream of phosphatidyl inositol-3 kinase (PI3K) (21). Recently, 

OX40 mediated survival support and regulation of anti-apoptotic proteins such as Bcl-2, 

Bcl-xL and Bfl-1, was shown to be dependent on protein kinase B (PKB) signalling, which 

is downstream of PI3K (22). The fact that all these receptors seem to signal to the same 

anti-apoptotic molecules suggested that they might have similar functions in regulating the 

T cell response and that redundancy could be expected. We therefore performed a side by 

side comparison of the contribution of these receptors to the immune response in one model 

of antigenic stimulation. This was expected to clarify their specific function in shaping T-

and B cell responses. 

In response to intranasal influenza infection, numbers of virus-specific CD8+ T cells in the 

lungs of CD27_/" mice were decreased as compared to those in wild-type mice (chapter 3). 

The impact of CD27 on the antigen-specific T cell response was found to be mediated by 

the survival promoting properties of CD27 at the site of priming. In addition, CD27 may 

support survival of activated T cells at the site of infection, the lung, as well (chapter 4). 

The dominant epitope of influenza virus for CD4+ T cells is as yet unidentified, preventing 

detection of virus-specific CD4+ T cells with MHC class II tetramers. However, T cells that 

migrate into the lung, in response to the infection and comprise the lung infiltrate, can be 

quantified. In this way, we found that CD27 acts on both CD4+ and CD8+ T cells, since 

lung infiltrates of both T cell subsets were reduced in CD27"A mice in response to influenza 

virus infection (chapter 3). Currently, the CD4+ T cell response to ovalbumine is being 

investigated. In this model, both the CD8+ and CD4+ responses are characterised. OT-II 

transgenic mice, expressing a TCR specific for the MHC class II immuno-dominant 

epitope, will be employed to elucidate the role of CD27 in CD4+ T cell responses in detail. 
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Studies show that OX40 and 4-1BB come into play later than CD28, as their expression is 

initiated on T cells after TCR stimulation, augmented by CD28 stimulation and peaks at 2-4 

days into the response (23-25). The expression on T cells and DC of OX40L and 4-1 BBL, 

is similarly under tight regulation of cellular activation (23,26,27). Mice deficient in OX40-

OX40L interactions have reduced CD4+ T cell responses to viruses and protein antigens 

(28-30). In agreement with the need for upregulation of expression of OX40 and its ligand, 

T cells lacking OX40 have no defect in early in the response, but show impaired survival in 

later divisions (20). In OX40L_/" mice, we found that primary influenza virus-specific CD8+ 

T cell responses were unaffected (chapter 5). Although effects of OX40 have been mainly 

reported for CD4+ T cells, also CD8+ T cell responses may also be regulated by this 

molecule (31,32). Since we did not find a role for OX40 in promoting primary CD8+ T cell 

responses, results may vary depending on the antigen-specific model used or details of 

response kinetics. 

4-IBB seems to act mainly on CD8 T cells, since in mice deficient in 4-1BB/4-1BBL 

interactions markedly less antigen-specific effector CD8+ T cells accumulate during 

primary responses (33-36). Like in the case of OX40, also in absence of 4-1BB signals, 

early T cell expansion seems unaffected but rather survival in the later stages of the primary 

response is decreased (37). As is the case with OX40, reports differ on when exactly in the 

T cell response 4-IBB impacts. This emphasizes that choice of the experimental model may 

skew the outcome of the experiments. Route of administration of antigen or detailed study 

of response kinetics may also be of importance. In response to intranasal influenza virus 

infection, we found that the primary CD8+ T cell response was decreased in 4-1BBL"'" mice 

(chapter 6). However, intraperitoneal administration of influenza virus did not reveal a role 

for 4-IBB in supporting the primary CD8+ T cell response (38). The cause of these 

dissimilar results may lie in the site of priming, mediastinal lymph nodes for intranasal 

infection and presumably spleen for intraperitoneal infection. In the spleen, there may be 

less requirement for survival factors such as CD27 and its relatives (chapter 4). 

TNFR family member signals are very well regulated throughout the immune response. 

Receptors and/or ligands are regulated by antigen-dependent immune cell activation. Mice 

with constitutive signals of TNFR family members show severely disregulated lymphocyte 

homeostasis, which often leads to disease or death. Excessive CD27 signalling through 

transgenic expression of CD70 on B cells brought about a depletion of B cells from 

lymphoid organs (39). In these CD70 transgenic (tg) mice, CD8+ influenza-specific as well 

as tumor-specific T cell responses were enhanced (40). Even without deliberate 

immunisation T cells developed into effector T cells leading to an exhaustion of naive T 

cells. Both CD4+ and CD8+ T cells accumulated, presumably due to environmental 

antigens. Consequently, CD70tg mice die at an early age due to opportunistic infections 

(41). 
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Constitutive stimulation of OX40 yields the converse results to omitting the OX40 signal in 

deficient mice. In mice with transgenic expression of OX40L on DC or T cells increased 

numbers of antigen-specific CD4+ T cells can be found (42,43). Very potent OX40 signals 

can lead to detrimental effects. In non-immunised OX40L transgenic mice, peripheral 

organs were invaded by CD4+ effector T cells and triggering of OX40 could prevent and 

reverse T cell tolerance (43,44). In a model for viral lung inflammation, OX40 determined 

the accumulation of CD4+ effector T cells at the site of infection (31). 

Deliberate stimulation of 4-IBB with agonistic antibodies leads to increased T cell survival 

(45). In fact, 4-IBB agonistic antibody broadens the antigen-specific CD8+ T cell 

repertoire, presumably by supporting the survival of T cells in need of costimulation (46). It 

is as yet unclear whether CD27 may have an effect on the TCR repertoire. Mice that 

transgenically express 4-1 BBL have deregulated lymphocyte homeostasis, indicating that 

excessive signalling may have detrimental effects (47). However, when tolerised by viral 

peptides, 4-IBB signals can overcome T cell tolerance and thereby bypass CD4+ T cell help 

(48). 

T cell differentiation 
In addition to expanding, T cells need to differentiate and acquire effector T cell functions 

that will allow them to efficiently eliminate the pathogen from the body. While we have 

well-established a role for CD27 in supporting the survival of activated T cells, impact on 

their differentiation cannot be excluded. Although it has been reported that CD27 ligation 

enhances differentiation of cytotoxic T cells in vitro, these results may have been 

erroneously derived from the fact that CD27 promotes survival of differentiated effector T 

cells in the cultures (49,50). While effector CD4+ and CD8+ T cells from CD70tg mice 

showed preferential production of IFN-y, CD27_/" T cells did not show altered acquirement 

of effector functions compared to wild-type (39 and chapter 2). However, CD8+ T cells 

from CD70tg mice showed increased IFN-y production and cytotoxic capacity on a per-cell 

basis, indicating that CD27 may directly skew T cell differentiation (40). Alternatively, 

CD27 signals may licence T cells to respond to differentiation-inducing factors. Also, 

CD27-mediated survival support of activated T cells may increase the exposure of T cells 

to differentiation-inducing stimuli. Analysis of the genes downstream of CD27 should 

reveal whether CD27 activates transcription factors that regulate T cell differentiation. 

Reports on the role of 4-1BB in T cell differentiation are limited. One study reports 

increased cytokine production by CD4+ and CD8+ T cells after 4-IBB ligation. However, 

survival support during culture may increase cytokine detection in the supernatant and 

analysis on per cell basis was not performed (51). 

Close relative OX40 has also been reported to affect T cell differentiation. In OX40L"'" 

mice the production of Th2 cytokines was impaired and could be restored by providing 
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OX40L on B cells (52). In addition, Th2 cytokine-dependent asthma could not be induced 

in OX40L"" mice (53). OX40 signals are also implicated in altering the migratory capacity 

of CD4+ T cells (54). Triggering OX40 on CD4+ T cells induced expression of CXC 

chemokine receptor (CXCR)5 which is associated with CD4+ T cell migration to B cell 

follicles (55,56). DC, which are essential for CD4+ T cell accumulation in B cell follicles, 

may be the source of the OX40 ligand (57). 

T cell contraction 

After successful clearance of the pathogen, large populations of antigen-specific T cells are 

no longer required and most antigen-specific T cells die. During this death phase, 

approximately 90% of effector T cells are eliminated (58) (Figure 1). Multiple pathways are 

involved in death of effector cells, which can be divided into two major subsets: passive or 

active apoptosis (59). Passive apoptosis during T cell contraction is induced when the 

production of cytokines due to the inflammation declines. The pro-apoptotic BH3-only 

protein Bim plays a pivotal role in passive apoptosis, which can be suppressed by Bcl-2 

overexpression (60,61). Anti-apoptotic family Bcl-2 member Bcl-xL, which was shown to 

be upregulated by CD27, OX40 and 4-IBB, may counteract the pro-apoptotic function of 

molecules such as Bim and increase survival of effector T cells. In CD70tg mice, 

contraction after influenza infection is slightly delayed in spleen, however precise kinetics 

should clarify the impact of CD27 during the contraction phase (40). 

Active apoptosis during T cell contraction may be mediated by the death receptor CD95 

(62). Contradictory to a survival-supporting role for CD27, CD27 triggering increased 

sensitivity of T cells to CD95 induced apoptosis (Arens et al., manuscript in preparation). In 

CD70tg mice, CD95 was necessary for deletion of effector T cells. In this way, CD27 is 

involved in a negative feedback loop where the T cell response is downregulated to prevent 

uncontrolled expansion of effector function of T cells. We found that CD27 signals 

promote the deletion of self-specific T cells (chapter 2). It has been described that CD27 

may signal to pro-apoptotic molecules directly (63,64). However, in our model of 

peripheral tolerance to influenza virus nucleoprotein, CD27 does not directly invoke 

apoptosis in T cells since CD27 on the self-specific T cells themselves was not required for 

deletion (chapter 2). Rather, CD27 may induce other factors that enforce self tolerance. 

A candidate for CD27-induced peripheral deletion of self-specific T cells by apoptosis is 

CD95. In Ipr/lpr mice, which lack functional CD95, peptide-induced peripheral deletion of 

TCR transgenic T cells was impaired (65). Furthermore, CD95 was required for the 

deletion of adoptively transferred self-specific T cells (66). To reveal CD95 as the factor 

via which CD27 promotes deletion of self-specific T cells Ipr/lpr mice, which lack 

functional CD95, could be employed for experiments. During chronic infection or 

autoimmune responses prolonged activation of T cells may be unfavourable and excessive 
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triggering of CD27 may lead to downsizing the undesired T cell response via CD95. Since 

CD27_/" T cells are similarly deleted as wild-type T cells, a direct effect on the CD27 

bearing T cell can be excluded (chapter 2). Rather, transgenically expressed CD70 may 

trigger CD27 on other immune cells such as DC, which may, by upregulating the 

expression of CD95L, induce death in activated and apoptosis sensitive T cells. To test 

whether the deletion of self-reactive T cells that is mediated by excessive CD27 triggering 

requires CD95, T cells from Ipr/lpr mice transgenically expressing the F5 TCR should be 

utilised. The cells required to express CD27 can be identified by replenishing NPtg mice on 

a CD27_/" background with wild-type DC. 

T cell memory 

A few T cells survive massive death during contraction and reside in the body as memory T 

cells. The memory T cells that remain raise the precursor frequency of pathogen-specific T 

cells and can respond swifter and more efficient to re-infection. The magnitude of the 

secondary response depends on the numbers of memory T cells formed after contraction 

and the capacity of these cells to expand. 

We have found that CD27, OX40 and 4-1BB are all essential for the generation of the 

secondary response of CD8+ T cells to influenza virus (chapter 6). We demonstrated that 

redundancy between these TNFR family members is at most partial, since additional 

deletion of CD27 in OX40L- or 4-1 BBL deficient mice reduced the response further. 

After contraction, generally 5-10% of effector T cells present at the peak of the response 

become memory T cells, which would mean that the clonal burst size of the primary 

response determines the number of memory T cells formed. However, factors may 

influence death during contraction and affect the numbers of memory T cells formed. 

Survival supporting cytokines such as IL-2 may suppress death during the contraction 

phase and promote the formation of memory T cells (67). In CD27-, OX40L- and 4-1BBL-

deficient mice less memory T cells were formed after influenza virus infection. These 

molecules act complementary since omission of CD27 in addition to OX40L or 4-1 BBL 

resulted in even lower numbers of memory T cells (chapter 6). CD27 affects the peak of the 

primary response, as does 4-1BB. In this way, they may affect the level of T cell memory 

established. A survival-supporting role for CD27 and 4-IBB during the contraction phase 

cannot be excluded and may additionally contribute to the formation of memory T cells. 

Others have found that in mice deficient in 4-1BB/4-1BBL interactions the accumulation of 

antigen-specific effector CD8+ T cells during primary and memory responses was 

decreased (36,38). In addition, deliberate stimulation of 4-1BB with agonist antibodies 

leads to increased T cell survival and memory T cell development (37). 

Promoting the survival of T cells during the contraction phase may be a likely function of 

OX40. Although OX40L deficiency does not affect the size of the primary response, the 

111 



Chapter 7 

memory T cell pool is reduced. This is in line with results from other studies: T cells 

deficient for OX40 show normal early responses, but reduced survival later during 

expansion (19). In vivo, this results in generation of fewer antigen-specific CD4+ T cells 

and fewer memory T cells develop (68). In addition, injection of agonistic antibodies to 

OX40 stimulated expansion of activated T cells, prevented antigen-induced cell death and 

promoted memory T cell formation (69,70). During viral lung inflammation, OX40 

determined the accumulation of CD4+ effector T cells at the site of infection and the extent 

of memory formation (71). 

Memory T cells are qualitatively better than naive T cells, since they have an increased 

capacity to expand upon re-infection (72). This capacity may not be acquired but rather, 

memory T cells may be selected during the effector phase by the expression of the IL-7 

receptor a chain (73). Which signals induce the expression of IL-7 receptor or instruct T 

cells to become memory T cells is as yet unclear. 

Memory T cells may be less dependent on costimulatory signals such as given by CD28 

and CD40 compared to their naive counterparts (74). Analysis of expression of CD27, 

OX40, 4-IBB and their respective ligands during the primary and secondary influenza 

virus-specific response showed that they are much less prominent during the secondary 

response (chapter 6). These molecules were all pivotal for the accumulation of virus-

specific T cells during the secondary response, but adoptive transfer experiments showed 

that OX40L or 4-1 BBL were not required for secondary expansion. Therefore, the signals 

that determine the magnitude of the secondary response must have been delivered by OX40 

and 4-IBB molecules during the primary response. We found indeed that the interaction of 

OX40 and 4-IBB with their ligands during the primary response instils into memory T cells 

the capacity to expand during the secondary response (chapter 6). 

We cannot similarly conclude that CD27 imprints expansion capacity during the primary 

response, since the transferred T cells were deficient for CD27 and therefore an effect on 

these T cells during secondary expansion cannot be excluded. Experiments with as yet 

unavailable CD70-deficient mice as recipients, or CD27-CD70 interaction-blocking 

antibodies might elucidate the role of CD27 in imprinting qualitative features into T cells 

such as expansion capacity. In humans, the downregulation of CD27 has been defined as a 

marker for terminally differentiated effector memory T cells (75,76). However, we do not 

find reduced expression of CD27 during the secondary response (chapter 6). 

Although OX40 signals were not required for primary virus-specific CD8+ T cell responses, 

secondary T cell responses were diminished in the absence of OX40L. We found that the 

impact of OX40 is determined by the interaction of OX40 with its ligand during the 

primary response (chapter 6). OX40 may directly imprint enhanced expansion capacity into 

CD8+ T cells during the primary response. Alternatively, in line with the reported role for 

OX40 in regulating CD4+ T cell responses and memory T cell formation, OX40 may act on 
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CD4+ T cells. By promoting CD4+ T cell responses, OX40 may indirectly support CD8+ 

memory T cell formation. CD4+ T cells have been shown to be essential in generating 

functionally competent memory CD8+ T cells (77-79). In line with our results, CD4+ T cells 

were recruited early during priming, since depletion of CD4+ T cells three days after 

priming did not affect secondary responses (79). It is of interest to examine whether OX40 

via CD4+ T cells supports the CD8+ memory T cell response. 

Our experiments in 4-lBBL-deficient mice show that both primary and secondary influenza 

virus-specific CD8+ T cell responses are reduced. In addition, the capacity to expand is 

imprinted into memory T cells during the primary response by 4-IBB/ 4-1 BBL interactions 

(chapter 5). Infection with LCMV in 4-1BBL' mice show that primary CD8+ T cell 

responses are reduced, in accordance with our results (35,36). However, studies by Bertram 

et al. show that primary responses to intraperitoneal infection with influenza virus are not 

affected in 4-1BBL"" mice (38,39). In these experiments, late primary CD8+ T cell 

responses are reduced as well as the memory responses. Our findings that 4-IBB imprints 

expansion capacity during the primary response could not be confirmed by this group (39). 

While we administer influenza virus intranasally with subsequent priming of T cells in the 

lung draining lymph nodes, Bertram et al. deliver the influenza virus intraperitoneally with 

likely priming in the spleen. Both CD27 and 4-IBB do not contribute to the primary T cell 

response in the spleen (38 and chapter 4 and 6). Priming of T cells in the splenic 

microenvironment may offer alternative survival factors and decrease the necessity for 

survival support by CD27 or 4-IBB. These conflicting results highlight the importance of 

choice of antigen-specific model and the route of antigen administration. 

In our experiments, expansion capacity could be installed by OX40 or 4-IBB at any time 

point from priming to establishment of steady state T cell memory. To pinpoint exactly 

when signals via these molecules are involved, the timeframe in which deficient T cells are 

present could be manipulated or, more conveniently, blocking antibodies could be 

introduced at different time points. 

Imprinting certain qualitative different properties into memory T cells requires 

establishment of specific patterns of gene expression. These changes would have to be 

maintained for extended periods of time and would have to be heritable and passed on to 

daughter cells. Although this process has not yet been defined for memory T cells, studies 

in CD4+ cells have shed light on factors involved in imprinting. Expression of a T-box 

transcription factor, T-bet, was found to be essential in Thl development (80,81). GATA3 

has been defined as the transcription factor that governs Th2 differentiation (82-84). In 

memory CD8+ T cells, the IFN-y locus is stably demethylated leading to rapid cytokine 

production by these cells (85). Recently, the T-box transcription factor eomesodermin has 

been proposed as a candidate transcription factor regulation effector T cell function (86). 
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B cell response 

Most data on the role of CD27 in regulating the B cell response was generated in the human 

system. Here, CD27 is considered a marker for memory B cells as CD27+ B cells have 

undergone immunoglobulin (Ig) class switching more often and secrete Ig more efficiently 

than CD27" B cells (87, 88). In contrast to most human CD27+ B cells that have undergone 

somatic mutation, we did not find that CD27 hallmarks somatically mutated B cells (89 and 

chapter 5). We found very low levels of CD27 on B cells in mouse lung, spleen and DLN 

during influenza virus infection (chapter 6). However, detailed analysis of germinal center 

(GC) B cells showed that about 13% of GC B cells in spleen and DLN express CD27 

(chapter 5). In vitro studies show that CD27 can promote the generation of plasma cells and 

expansion of activated B cells (13,90,91). CD70 on B cells is expressed after antigen 

receptor triggering but levels are often very low (5,92). Favoured expression of CD27 on 

centroblasts and the detection of CD70 on T and B cells in GC indicates a role for CD27 

supporting B cell expansion. While GC formation in response to influenza virus infection 

was delayed in CD27 knockout mice, somatic hypermutation or serum levels of influenza 

virus-specific IgM, -IgG and IgA were unaffected. Adoptive transfer experiments showed 

that GC formation requires CD27 on B cells, but not CD27 on T cells. Most likely, CD27 

on B cells is triggered by CD70 on activated CD28+ helper T cells. In the absence of CD28, 

which is essential for GC formation, CD27 on T cells can partially support GC formation 

(17,93). Alternatively, CD27 may promote the B cell response indirectly by supporting 

CD4+ helper T cell expansion. Similarly, OX40 has been shown to contribute to the B cell 

response by stimulating T cells to migrate into B cell follicles (94). 

Manipulating costimulation 

As T cell play an indispensable role in many immune events such as clearance of viral 

infection, eradication of malignant cells and adversely, onset and progression of auto

immune diseases, knowledge of the regulation of T cell responses may prove to be of vital 

importance. Costimulatory molecules that are essential in shaping T cell immunity may be 

manipulated to enhance or dampen the effectiveness of T cell responses. 

The contribution of CD28, related receptors and their ligands have been widely studied and 

their merit to T cell immunity has been shown in many infectious disease models (reviewed 

in 95). Early on it became clear that CD28 signals are essential in promoting tumor 

rejection and may play an undesirable role in enhancing auto-immune disease (96,97). 

Gathered knowledge on the function of TNFR members CD27, OX40 and 4-IBB suggests 

that these molecules may be successfully exploited for therapeutic applications. In 

infectious diseases, where enhanced T cell responses may accelerate pathogen clearance 

and shorten illness, deliberate signalling by these receptors may be beneficial (71,46). 

Establishing long-lasting immunological memory that grants protection upon re-infection is 
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crucial. Ligation of CD27, OX40 or 4-IBB during administration of vaccines may increase 

the development of protective immunity. Successful immuno-therapy of cancer depends on 

the induction of an anti-tumor response and the magnitude of the mobilized tumor-specific 

T cell pool. In mouse models of cancer, triggering of these receptors by agonist reagents or 

recombinant expression of TNF-type ligands has been shown to enhance tumor rejection 

(98-105). 

Boosting immunity by enhancing TNFR member signals may not be without adverse 

consequences. Mice transgenically expressing TNF-type ligands have shown severe 

disturbances in lymphocyte homeostasis. 4-1 BBL transgenic mice show a progressive B 

cell depletion as do CD70 transgenic mice (47,39). In CD70tg mice, also T cells are 

depleted after an initial enhancement in effector T cell development, leading to lethal 

immunodeficiency (41). Transgenic expression of OX40L leads to autoimmune disease 

characterised by anti-dsDNA antibodies in sera and organ-specific T cell infiltration (43). 

In line with these findings it has been demonstrated that blocking OX40-OX40L 

interactions is effective in suppressing auto-immune diseases, such as experimental 

autoimmune encephalomyelitis (EAE) (106-109). EAE disease could also be prevented by 

blocking CD27 signals (110). Surprisingly, different results were obtained in the same 

disease model with agonistic antibodies to 4-IBB (111,112). Here, triggering of 4-IBB 

abrogated the EAE symptoms, indicating that when intervening in CD27, OX40 or 4-IBB 

signalling, the type and the stage of the disease should be considered. Still, blocking TNFR-

type signals and decreasing the magnitude of the T cell response may be beneficial in 

preventing transplant rejection and graft-versus-host-disease (GVHD). While the role of 

CD27 has not yet been defined, studies have shown that blocking either OX40 or 4-IBB 

signalling reduces the amount of GVHD and prolong allograft survival (113-116). This 

advantageous effect of impeding TNFR member signalling may lie in the reduction of the 

size of the antigen-specific T cell pool. 

Alternatively, a lack of costimulation by these receptors may induce a state of T cell 

unresponsiveness, anergy (117). Direct signalling via OX40 may overcome the anergic 

state of T cells (118). Recently, OX40 and 4-IBB have been shown to regulate regulatory T 

cell function, indicating that OX40 and 4-IBB signals may suppress regulatory T cells and 

thereby enhance effector T cell effectiveness (119,120). 

Concluding remarks 

The data presented in this thesis provide insight into the function of CD27-CD70 

interactions in shaping the immune response. Although CD27 does not affect thymic 

selection and central tolerance, peripheral tolerance may be regulated. CD27 supports the 

survival of activated T cells and thereby determines the magnitude of the antigen-specific T 

cell response and subsequent memory T cell formation. The impact of CD27 on the scale of 
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the influenza virus-specific T cell response is comparable to that of CD28, but very 

different in nature. Although CD27 is not essential for B cell responses, GC formation is 

supported in a CD28 dependent and independent manner. Close relatives OX40 and 4-IBB 

provide additional costimulation to activated T cells, that is, although similar in nature, 

complementary to the costimulatory signal of CD27. These molecules may be suitable 

targets to exploit in optimising vaccines and therapeutic strategies as well as lessen the 

damage of pathological T cell responses. 
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