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SUMMARY 

The immune system is essential in guarding the body against pathogens. T cells from the 

adaptive immune system play an important role in eliminating pathogens after they have 

entered the body. The somatic rearrangement of TCR genes guarantees infinite variability 

in the specificity of TCRs expressed on naive T cells. Upon the recognition of a 

peptide/MHC complex expressed on the cell surface of an APC, T cells become activated, 

expand and differentiate, resulting in an army of antigen-specific T cells. Thereafter, T cells 

migrate to the site of infection and after the pathogen is cleared, the specific T cell 

population contracts with most T cells dying due to apoptosis. A few memory T cells 

remain in the body which are able to respond more quickly and effectively to re-infection 

with the same pathogen. For T cells to effectively respond to antigen and establish T cell 

memory, costimulatory signals are required in addition to the TCR signal. Since the balance 

between life and death of lymphocytes is essential in T cell immunity, molecules that 

regulate survival and apoptosis such as members of the TNF receptor family are of special 

interest. 

This thesis focuses on the role of CD27 and close relatives in shaping the immune response. 

CD27 is expressed on the majority of T cells, on a subset of B cells, NK cells and DC. The 

ligand of CD27, CD70 is expressed in an activated immune system, on antigen receptor 

activated T and B cells and mature DC. This expression pattern indicates that CD27/CD70 

interactions may contribute to T cell priming, during DC-T cell interaction, as well as 

expansion, during interactions amongst T cells. In addition, CD27 may directly affect B cell 

responses or indirectly support T helper responses. From in vitro studies it was clear that 

CD27 signals augmented the expansion of activated T cells. However, the exact mechanism 

by which CD27 contributes to T cell expansion and its significance to physiological 

immune responses was unknown. 

To elucidate the role of CD27 in vivo, we studied B and T cell responses in the CD27 

deficient mouse. As CD27 is expressed on thymocytes at an early stage, CD27 may 

contribute to T cell development. Thymic compartments and peripheral T cell populations 

however, are normal in the CD27"/_ mouse (chapter 2). An earlier proposed role for CD27 in 

pre-TCR mediated thymocyte development could not be confirmed in the CD27"/_ mouse. 

Positive and negative selection of thymocytes as examined with TCR transgenic mice, were 

not affected in the absence of CD27. Providing an excess of CD27 stimulation from a 

CD70 transgenic B cell source could not break central tolerance to an ubiquitously 

expressed protein. Strikingly, deliberate stimulation of CD27 promoted the disappearance 

of self-specific T cells from the periphery. 
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In chapter 3, the consequences of CD27 deficiency for antigen-specific CD4+ and CD8+ T 

cells are described. In vitro, purified T cells from the CD27 ~~ mouse showed defective T 

cell expansion that could not be attributed to decreased cell cycle activity. Upon intranasal 

influenza virus infection, we found that both CD4+ and CD8+ primary T cell responses were 

impaired. The secondary T cell response was reduced most dramatically, with numbers of 

virus-specific CD8+ T cells accumulating at the site of infection, the lung, that were 

comparable to the primary response. Effector T cell functions of CD4+ T cells as measured 

by specific proliferation and IFN-y production, and effector T cell functions of CD8+ T 

cells such as cytotoxicity and IFN-y production were unaffected. In conclusion, CD27 

sustains T cell numbers during influenza infection while differentiation to the effector T 

cell stage is unaffected. 

By comparing the contribution of CD27 to the T cell response to that of the well studied 

costimulatory molecule CD28, it was established that CD27 is the prime determinant for 

the accumulation of influenza virus specific T cells at the effector site, i.e. the lung (chapter 

4). CD27 and CD28 made complementary contributions to the influenza specific T cell 

response, but do so via different mechanisms. Unlike CD28, CD27 promotes the virus-

specific T cell response not by promoting cell cycle activity, but by supporting cell survival 

of activated T cells. CD27 was shown to support the survival of dividing T cells and the 

accumulation of these cells at the site of priming and may also do so at the effector site. 

From in vitro studies it was evident that CD27/CD70 interactions suppress apoptosis in 

activated T cells and do so throughout cell divisions. 

In addition to T cell immunity, the role of CD27 in B cell responses was characterised 

(chapter 5). Previousely, in vitro studies showed that CD27 can promote plasma cell 

formation. Absence of CD27 however, did not affect production of immunoglobulins IgM, 

IgG or IgA in response to influenza infection, nor somatic hyper mutation. However, 

response kinetics of germinal center formation were delayed in CD27"7" mice. Adoptive 

transfer experiments showed that CD27 contributes to germinal center formation by both a 

CD28 dependent and independent pathway. In a CD28 deficient environment, adoptive 

transfer of CD27 expressed on T cells could promote germinal center formation and plasma 

cell generation independently of CD28. The CD28-dependent, CD27-mediated pathway of 

germinal center formation is shaped by interaction of CD27 on B cells with CD70 on 

CD28+/+ T cells. 

In chapter 6 a side by side comparison of the relative impact of CD27 and close relatives 

OX40 and 4-IBB on the T cell response is made. While CD27 and 4-IBB signals 

contributed to the primary virus-specific T cell response, all receptor-ligand interactions 

were essential for the accumulation of virus-specific T cells in the memory response. CD27 

and OX40, and CD27 and 4-IBB made complementary contributions to the size of the 

memory T cell pool. Expression of the ligands OX40L and 4-1 BBL was not required during 
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the memory response for adequate secondary expansion. Indeed, the capacity for secondary 

expansion was instilled in T cells during the primary response by these ligands expressed 

on non-T cells. 

Our findings show that CD27 conveys an important survival signal during cell division to 

TCR activated T cells. CD27 may therefore be a powerful target to exploit in optimising 

vaccines and therapeutic strategies. The recent reports on CD70 transgenic mice however 

dictate caution. These mice have disturbed lymphocyte homeostasis leading to early death 

due to immunodeficiency, indicating that excess CD27 signals may cause severe disease. 

As mice deficient for other members of the TNFR family are studied, redundancy between 

these molecules seems unlikely. Rather, TCR triggering induces T cell dynamics wherein 

sequential imputes by different TNFR family members are required for effective T cell 

responses and adequate memory T cell formation. 
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