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Chapter 8 

General Discussion 

T cells play a crucial role in immune responses against bacteria, viruses and malignant 

cells. Specific activation of T cells is initiated by recognition of MHC-peptide complexes 

on antigen-presenting cells by clone-specific T cell antigen receptors. However, effective 

T cell responses require not only specific antigen recognition but also adequate 

provision of costimulatory signals. Two main families of costimulatory molecules have 

been found: the immunoglobulin-like CD28-B7 family and the tumor necrosis factor 

(TNF) receptor family and their ligands. 

In this thesis we studied the role of the co-stimulatory TNF receptor family member 

CD27 and its ligand CD70 in adaptive immune responses. CD27 is expressed on the 

majority of T cells and on subsets of B cells, NK cells and hematopoietic progenitor 

cells1"4. CD70 is an activation molecule, found on recently activated lymphocytes and 

dendritic cells5"7. Previous studies had indicated that CD27 ligation costimulates T cell 

proliferation and enhances differentiation of cytotoxic T cells in vitro8'™. To gain insight 

into the potential functions of CD27-CD70 interactions in vivo, we developed a mouse 

model in which CD70 is constitutively expressed on B cells and serves as a dominant 

costimulatory ligand for T cells. 

Effects of CD27-CD70 interactions on T cell expansion 

In response to antigen, naive T cells undergo clonal expansion and differentiation into 

effector T cells. Antigen-specific CD8^ T cell responses to influenza virus and tumor 

cells were quantitatively enhanced in CD70 Tg mice. Concomitantly, the quality of 

antigen-specific CD8+ T cells improved: on a per-cell basis the expression of IFN-yand 

cytotoxic capacity increased (chapter 2). Without deliberate antigenic challenge effector 

CD4* and CD8+ T cells accumulated in CD70 Tg mice (chapter 3). This process is likely 

driven by environmental antigens since we found that effector cell formation in CD70 Tg 

mice is dependent on antigen recognition by TCR/CD3 (chapter 4). The expansion of 

effector T cells was more pronounced for the CD8+ T cell compartment, which may 

reflect the higher intrinsic proliferative capacity of CD8* T cells compared to CD4+ T 

cells13,14. The T cell expansion-promoting effects of CD27 ligation are corroborated by 

studies in CD27 deficient mice, which showed in essence the reversed phenotype: both 

CD4+ and (antigen-specific) CD8+ T cell numbers were profoundly decreased after 

primary influenza virus infection as compared to wild-type mice15. Thus, CD27-CD70 

interactions appear to regulate the size of antigen-primed T cell populations. 

The CD27-mediated enlargement of the effector T cell population might be the 

consequence of increased cell division, enhanced survival or both. The T cells in the 

CD70 Tg mice exhibited enhanced cell cycle activity (chapter 4). This in vivo 

observation was confirmed by in vitro experiments showing that CD70 transfectants 

induce strong CFSEa dilution in CD3-stimulated T cells (K.Tesselaar and M.F. van 

Oosterwijk, unpublished data). Whether CD27 can upregulate cell cycle molecules (e.g. 

cyclins and cyclin-dependent kinase inhibitor p27kip1), as reported for 4-1BB16, awaits 

a The cell-permeable fluorescent dye carboxyfluorescein diacetate succimidyl ester (CFSE) 
can be used to label populations of cells homogenously. When a cell divides CFSE is equally 
distributed between daughter cells, allowing measurement of cell divisions. 
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further study. On the other hand, CFSE-dilution experiments using CD27 deficient T 

cells pointed to involvement of CD27-CD70 interactions in promoting survival rather than 

increasing cell divisions15 (and J. Hendriks et al., in press). The molecular basis of 

survival induction by CD27 has recently been studied and we found that, like the TNF 

receptor family members OX-4017 and 4-1 BB18, CD27 was capable to specifically 

upregulate the anti-apoptotic bcl-2 family member Bcl-xL (M.F. van Oosterwijk, 

unpublished data). Thus, in analogy to what has been described for homologous 

molecules, CD27-CD70 interactions can induce both proliferation and survival signals 

resulting in enhanced T cell expansion. It is unclear at this moment if the magnitude 

and/or duration of the CD27 signal is important for the signaling outcome (e.g. affecting 

survival versus cell cycle activity). 

Effects of CD27-CD70 interactions on T cell differentiation 

Effector CD4* and CD8* T cells in CD70 Tg mice showed preferential production of IFN-

Y but not of TNF, IL-2 or IL-4 (chapter 3), indicating that CD27 co-stimulation can play a 

role in T cell differentiation. CD27 signals could directly instruct T cells for TH1 cytokine 

production or alternatively license naive T cells to respond to differentiation-inducing 

stimuli. In the latter permissive scenario, CD27 stimulation enables T cells to respond to 

cytokines such as IL-12 and IL-18 that promote differentiation into IFN-y-secreting type 

1 T cells19. Involvement of permissive rather than instructive signals is suggested by the 

observation that CD27 triggering upregulates IL-12 receptor expression, which 

subsequently enables T cells to vigorously respond to IL-12 (M.F. van Oosterwijk, 

unpublished data). In addition, enhanced survival of activated T cells (by e.g. CD27 

mediated Bcl-xL induction, see above) allows extended exposure to differentiation 

signals. Whether the effects of CD27-CD70 interactions on the T cell differentiation 

depend exclusively on enhanced survival of effector T cells might be elucidated by 

analyzing CD70 Tg mice and CD27"'" mice bred with Bcl-xL"'' and Bcl-xL Tg mice, 

respectively. To reveal whether CD27 signaling can instruct T cells to secrete IFN-y it is 

necessary to test if CD27 ligation alters expression or function of transcription factors 

that directly control the IFN-y locus (e.g. T-bet and Stat4)20 and/or inhibits IL-4 promoting 

transcription factors (e.g. GATA-3 and Stat6)21. Back-crossing CD70 Tg mice to a type 2 

skewed background, such as BALBc mice, could also provide insight to this matter. If 

indeed CD70 instructs T cells to preferentially secrete IFN-y it is expected that these 

mice also contain increased percentages of IFN-y secreting T cells. 
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Involvement of CD27-CD70 interactions in death of effector T cells 

Two major pathways are involved in apoptosis of effector T cells. Passive apoptosis 

occurs through deprivation of survival signals, causing loss of expression of anti-

apoptotic proteins, mainly of the Bcl-2 family. Active apoptosis (or activation-induced cell 

death) is mediated by the death receptors CD95 and CD120a (TNFRI). Whereas 

passive apoptosis is thought to eliminate excess cells after transient exposure to 

antigen, active apoptosis is thought to limit responses to continuous or repeated 

antigenic stimulation2223. 

We found that after primary influenza virus infection contraction of the antigen-specific 

CD8+ T cell population was delayed in CD70 Tg mice as compared to wild-type mice, 

which may be caused by CD27-induced Bcl-xL (chapter 2). On the other hand, CD27 

stimulation renders T cells to become more sensitive to CD95-mediated apoptosis. 

Indeed, we found that CD70-mediated effector T cell formation was critically dependent 

on the CD95 system for negative feedback regulation in vivo (chapter 5). Finally, we 

found that IFN-y has down-modulating effects on CD27-mediated effector T cell 

formation, and operates complementary to the CD95 system (chapter 5). Thus CD27 

costimulation inhibits passive but favors active apoptosis mechanisms. This dual role of 

CD27-CD70 interactions allows efficient maintenance of effector T cells in response to 

transient antigens and at the same time limits excessive T cell formation in the case of 

persisting antigen. A similar function has been described for the cytokine IL-222,23. 

Withdrawal of IL-2 causes passive apoptosis by reducing expression levels of anti-

apoptotic bcl-2 family members2425. On the other hand, IL-2 sensitizes for active 

apoptosis by decreasing FLIP levels during S phase of the cell cycle26. Together, these 

data and our studies indicate that distinct mechanisms, IL-2 and CD27-CD70 

interactions, can act in balancing immune responses. 

CD27-CD70 interactions and memory T cell responses 

A fraction of effector T cells survives the massive elimination and constitutes the long-

lived memory T cells population, able to respond more rapidly and effectively to re

infection. Studies in CD27"'" mice have demonstrated that CD27-CD70 interactions are 

involved in memory immune responses to influenza viruses15. CD70 Tg mice have, 

compared to wild-type animals, higher percentages of tumor-specific CD8+ T cells upon 

secondary tumor challenge (R. Arens, unpublished data). The latter might be related to 

the increase in the size of the memory T cells population (chapter 2). However, whether 

CD27 ligation also manipulates qualitative properties of memory T cells, as shown for 

effector T cells (chapter 2), is unclear at this moment. In this respect it will be important 

to determine if CD27-triggered memory T cells have an enhanced ability to divide, 

execute effector functions, survive and migrate than "CD27-naive" memory T cells 

(obtained from CD27"" mice). Clarification of these issues will not only provide insight 

into the function of CD27-CD70 interactions in memory T cell formation but also may 

reveal critical signals involved in the generation of T cells memory. 
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Balancing effector and memory T cell formation via CD27-CD70 interactions 

Based on the findings described in this thesis, we propose a model in which CD27-

CD70 interactions are implicated in balancing antigen-specific T cell responses from 

naive to effector and memory cell formation. Ligation of CD27 on T cells by CD70 

enhances TCR-induced expansion on effector T cells by increasing proliferation and 

survival (I). The molecular basis for enhanced cell cycle activity is unknown but 

promotion of survival most likely occurs via upregulation of the anti-apoptotic Bcl-2 

family member Bcl-xL. Via instructive or permissive mechanisms CD27 stimulation 

concomitantly drives differentiation of effector T cells that preferentially express IFN-y, 

and increases the production of IFN-y and granzyme B on a per-cell basis (II). The 

qualitative and quantitative effects on effector T cells result in enhanced T cell immunity 

against viruses and tumors. Concomitant with these positive effects on effector T cell 

formation, CD27 ligation renders T cells less sensitive for passive apoptosis (III), but 

more susceptible for active apoptosis by CD95 (IV). The effector T cells that escape 

active and passive apoptosis form the long-lived memory cells (V). Thus, CD27-CD70 

interactions balance the passive and active apoptotic mechanisms in such a way that 

adequate numbers of memory T cells survive, and hence proper immunological memory 

is instilled. 

passive 
apoptos is 

? activated 

• 

CD70 V * - * < act ive 
apoptos is 

Ag 

The role of CD27-CD70 interactions in antigen-specific T cell responses. The effect of CD27 
stimulation is described in the text. Initially antigen-presenting cells take up antigen and presents 
peptides to antigen-specific T cells that become activated. CD27 signals enhance TCR-driven T 
cell expansion and concomitantly increase IFN-y and granzyme B expression on a per-cell 
basis. After expansion, antigen-specific T cell numbers rapidly decline by passive and active 
apoptotic mechanisms. CD27 ligation inhibits passive apoptosis, which occurs after exposure to 
transiently expressed antigens due to deprivation of survival signals, by increasing Bcl-xL levels. 
In case of continuous or repeated TCR triggering, known to induce active apoptotic mechanisms, 
the expansion of T cells is counterbalanced by CD27 stimulation that increases the susceptibility 
to CD95-mediated apoptosis. The cells that escape these death pathways form the long-lived 
memory cells. It should be noted that CD27 triggering can occur in naive T cells, effector T cells 
and memory cells. It is unresolved whether the outcome of CD27 signaling on these populations 
is fundamentally different. 
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Detrimental long-term effects of persistent CD27-CD70 interaction 

The detrimental effects of constitutive CD70 expression in our transgenic mice show 

why expression of TNF-like ligands has to be strictly regulated during normal immune 

responses. We found that the T cell compartment in the CD70 Tg mice showed a 

progressive diminution of the naïve T cells in both spleen and lymph nodes during 

ageing (chapter 4). As a consequence of this downfall of the naïve T cell compartment, 

CD70 Tg mice were susceptible to opportunistic infections such as Pneumocystis carinii 

pneumonia and died prematurely at the age of 28 weeks. This finding favors the 

concept that chronic immune activation (as takes place in HIV infection) by itself, 

contributes substantially to attrition of the immune system. Based on our data and given 

that expression of CD70 on T cells and sCD27 levels are elevated in HIV* people27"29, it 

can be speculated that CD27-CD70 interactions could contribute to HIV pathogenesis. 

As a consequence of the activated T cell compartment, B cells in CD70 Tg mice were 

progressively depleted. By performing adoptive transfers with T cells that lack either one 

of the effector T cell mechanisms (i.e. perforin, CD95L, TNF and IFN-y), we found that 

the B cell depletion was mediated by T cell derived IFN-y (chapter 2). This effect of 

constitutive CD27 ligation on the B cell compartment might be a common phenomenon 

of co-stimulatory molecules since similar effects have been observed in mice 

overexpressing B7 molecules3031, 4-1BB ligand32 and LIGHT33. A side effect of the 

progressive B cell depletion is that particular macrophage subsets (metallophilic and 

marginal zone macrophages) involved in anti-bacterial mechanisms, which require the 

presence of B cells, are diminished (chapter 6). 

Manipulation of CD27-CD70 interactions: tools for therapeutic strategies? 

Earlier studies showed that tumors transfected with CD70 leads to enhanced anti-tumor 

T cell responses as compared to mock transfected tumors34"36. We found that CD70 Tg 

mice rejected poorly immunogenic tumors in a CD8+ T cell and IFN-y dependent 

manner, whereas in wild-type mice these tumors grew progressively (chapter 2). 

Apparently, CD70-mediated quantitative (increased antigen-specific T cell numbers) and 

qualitative effects (increased IFN-y expression and cytotoxic capacity) contribute to the 

improved clearance of otherwise lethal tumors. These findings, together with the 

observed augmented anti-viral T cell responses as a result of CD27 stimulation, suggest 

that CD27 stimulation is suitable for boosting T cell responses in vaccines and in 

treatment of infections and malignancies. 

In diseases in which unwanted T cell responses occur such as autoimmune, 

inflammatory and graft-versus-host diseases, blocking of costimulation (including CD27-

CD70 interactions) might result in clinical benefit. Also, as previously stated, in chronic 

viral infections (e.g. HIV) costimulatory molecules might drive the overstimulated 

immune system, and therefore inhibiting costimulatory interactions (e.g. by 

administering blocking antibodies) might be an option to avoid immune erosion. 
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Concluding remarks 

The data presented here establish that CD27-CD70 interactions are implicated in the 

magnitude and quality of antigen-specific T cell responses. Control of CD70 expression 

is central to establish a proper balance between beneficial and potential harmful effects. 

These observations raise the prospect that targeting of CD27 might prove clinically 

valuable in combating viral infections and malignant cells and/or in dampening its 

pathological side effects in other disease states. 
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