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Thiss thesis focuses on the development and maintenance of virus-specific memory T 

cellss specific for cytomegalovirus (CMV). 

InIn chapter 1, an introduction is given in the immune system in general and in the 

development,, functionality and nomenclature of memory T cells specifically. Additionally, 

thee relationship between the immune system and CMV is described. 

Inn chapter 2, the proliferation requirements of a specific subset of CD8+ T cells, so called 

effectorr cells, are investigated. These cells, phenotypically characterized as CD8+ 

CD45RA+CD27XCR77 T cells, have been named terminally differentiated cells because 

thesee cells showed a reduced proliferative capacity. We demonstrated that these 

cytotoxicc cells are not end-stage cells because they vigorously proliferate if, in addition to 

specificc peptide stimulation, activated helper cells or cytokines (IL-2, IL-15 or IL-21) were 

provided.. Therefore, we believe that effector CD8+ T cells in a situation of re-infection or 

reactivationn of a virus, can respond not only by direct cytotoxicity but also by yielding 

progeny.. Upon stimulation and proliferation, these cells changed their surface 

expressionn of CD45RA to CD45R0 and re-expressed CCR7. 

Inn chapter 3, we further studied this up-regulation of CCR7, a chemokine receptor 

involvedd in homing of T cells to the secondary lymphoid organs. Antigenic stimulation of 

CCR77 CMV-specific CD8+ T cells with CMV peptide in combination with CMV antigen or 

IL-22 or IL-21 induced re-expression of CCR7, whereas addition of IL-15 did not. Re-

expressionn of CCR7 was functional as upon chemokine stimulation cells changed their 

cytoskeleton.. Moreover, specific migration of these CCR7+ CMV-specific cells could be 

shown.. These findings imply that the migratory properties of antigen-primed cells are 

flexiblee and depend on the presence or absence of antigen and environmental cytokines. 

ChapterChapter 4 describes the changes in phenotype and frequency of CMV-specific CD8+ T 

cellss during CMV reactivation in vivo. CMV-specific cells acquired a more differentiated 

CD27"" phenotype as a result of the interaction with the ligand CD70, and concurrently 

increasedd in number. A strong correlation was found between the number of CMV-

specificc CD8+ T cells and the percentage of CD27" cells within that population. In vitro 

studiess showed that antigenic stimulation of CD27+ CMV-specific cells with peptide and 

CMVV antigen, IL-2 or IL-15 induced CD70 expression and consequent downregulation of 

CD277 on the proliferating cells. In contrast, stimulation with CMV peptide plus IL-21 

inducedd proliferation but no change in phenotype in the CMV-specific cells. These data 

implyy that repetitive antigenic stimulation results in increased numbers of virus-specific 

cellss which, depending on the type of stimulus, show a more differentiated phenotype. 
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Inn chapter 5 we investigated the role of the expression of IL-7Ra on virus-specific cells. 
Alll memory T cells that remain after clearance of a virus express IL-7Ra and are 
dependentt on IL-7 for their homeostasis. We showed that only part of the CD8+ T cells 
specificc for the persistent viruses CMV and Epstein-Barr virus (EBV) express IL-7Ra. 
Thiss is probably related to frequent antigenic stimulation as reactivation in vivo also 
reducedd the number of IL-7Ra+ cells and in vitro studies showed downregulation of IL-
7Raa upon stimulation. IL-7Ra+ CMV-specific cells proliferated better in response to 
stimulationn with peptide, IL-7 and IL-15 and survived better. We concluded that IL-7Ra+ 

andd IL-7Ra" memory T cells differ in functionality and maintenance requirements. 

ChapterChapter 6 also deals with homeostasis of memory T cells. Here we studied the changes 
inn memory T cells with different viral specificities during the first year of 
immunosuppressionn in renal transplant patients. In CMV-seropositive individuals we 
observedd a significant increase in CMV-specific CD8+ T cells accompanied with further 
differentiationn of the cells to a more CD27~IL-7RoT phenotype. However, other virus-
specificc cells, namely EBV-specific cells and CD8+ T cells specific for the cleared viruses 
influenzaa (FLU) and respiratory syncytial virus (RSV) decreased in frequency during the 
firstt year after transplantation. Remarkably, this decrease was not observed in CMV-
seronegativee transplant recipients; in most individuals the frequencies of EBV-specific 
cellss even increased. These findings suggest an advantage for CMV in the apparent 
competitionn for space or homeostatic factors between memory T cells under 
immunosuppression. . 

Inn chapter 7 we describe that in primary CMV infection a population of CD4+CD28" T 
cellss emerges, only late after the peak of the viral load, that expressed the cytotoxic 
moleculess granzyme B and perforin. These cells are only found in CMV-seropositive 
individualss and respond by proliferation and cytokine production only to CMV stimulation 
andd not to other antigens. This shows that CMV infection leaves a fingerprint in the CD4+ 

TT cell population, like it was already demonstrated for CD8+ T cells. 

Inn chapter 8 we show that these CD4+CD28" T cells can specifically lyse CMV-loaded 
targett cells. Furthermore, since CD4+CD28" T cells only appear late after primary CMV 
infection,, we tried to find their origin. Either the early CMV-specific IFNy-producing CD4+ 

TT cells obtained the features of CD4+CD28" T cells later in infection, or, CD4+CD28" T 
cellss developed independently. To address this, we sorted both early and late CMV-
specificc CD4+ T cells from two patients with a primary CMV infection and compared the 
TCRR usage of both populations by CDR3 spectratyping and sequencing. This revealed 
thatt only a minority of the T cell clones found late in infection originated from the early 
CMV-specificc CD4+ T cells, implying that a strong selection of the virus-specific TCR 
repertoiree takes place after the acute phase in primary CMV-infection. 
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Finally,, chapter 9 reviews and discusses the current knowledge on the induction and 
maintenancee of CD8+ memory T cells specific for persistent viruses. These are 
comparedd to their counterparts recognizing viruses that have been cleared by the 
immunee system and it is obvious that these two types of cells differ from each other in 
theirr generation and concerning their homeostatic requirements. Therefore, it can be 
debatedd that T cells specific for persistent viruses are not genuine memory T cells but 
ratherr resting vigilant effector cells. 
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