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Introduction 

T cell subsets 

CD3+ T cells can be divided in T helper and cytotoxic T cells based on the expression of 
CD4+ and CD8+, respectively (1,2). CD4+ and CD8+ T cell subsets can be further 
subdivided in two main subgroups, i.e. antigen-unexperienced (naïve) and antigen-
experienced (memory) cells. Naïve T cells express CD45RA and lack expression of 
CD45RO, whereas memory T cells loose expression of CD45RA and gain expression of 
CD45RO (3). Co-expression of the C-C chemokine receptor type 7 (CCR7) in combination 
with either CD45RA or CD45RO further differentiates naïve and memory T cells into 
CD45RA+CD45RO-CCR7+ naïve T cells (TNAIVE); CD45RA-CD45RO+CCR7+ central 
memory T cells (TCM); CD45RA-CD45RO+CCR7- effector memory T cells (TEM); and 
CD45RA+CD45RO-CCR7- terminally differentiated late effector memory T cells (TEMRA) 
(Figure 1).  

Figure 1.  Schematic model of T-cell differentiation subsets based 
on expression of  cell surface markers CD45RO and CCR7. 

TNAIVE cells are the truly naïve T-cells. TCM cells are antigen-
experienced cells that have a high proliferative capacity. TEM 
cells are highly differentiated memory cells of  the immune 
response, whereas TEMRA cells are terminally differentiated cells 
that may have lost part of their functional capacity (4).  

                                

Features of T-cell ageing 

Age related deterioration of the immune response, termed immunosenescence, involves a 
number of characteristic changes in the T-cell compartment. A schematic overview of the 
percentages of naïve, central memory, effector memory and TEMRA CD4+ and CD8+ cells is 
shown in Figure 2.  

 

 

Figure 2.  Pie chart depicting the distribution of 
the four different CD4+ and CD8+ T cell 
subsets (TNAIVE, TCM, TEM, TEMRA) of young and 
old healthy humans donors. Data is based on 
frequencies of T cell subsets found in Chapter 5. 
Percentage of naïve T cells decreases whereas 
the percentages of  TEM and TEMRA cells increases, 
these effects are most pronounced in CD8+ T 
cells. 

The involution of the thymus is the major 
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trigger of age-related changes in the T-cell subset composition (Figure 3). Involution of the 
thymus starts early in life and results in a gradually diminished egress of newly produced 
TNAIVE cells into the periphery (5,6). However, the absolute number of CD4+ naïve T cells 
remains quite stable during life (5). This is achieved by post-thymic homeostatic 
proliferation of CD4+ TNAIVE cells (7).  Thus, the reduced output of CD4+ TNAIVE cells from 
the thymus with ageing is partly balanced by peripheral self-renewal.  

The process of peripheral self-renewal can be visualized by loss of  CD31 (PECAM-1) 
expression. CD31 is expressed by T cells that recently migrated from the thymus. CD31- 
TNAIVE cells, also referred to as central TNAIVE cells, are characterized by a reduced T cell 
receptor T-cell receptor excision circles (TREC) content. This suggest that CD31- TNAIVE 
cells result from peripheral proliferation. CD31 expression can thus be used to discriminate 
between peripherally expanded vs non expanded CD4+ TNAIVE cells (8,9). Upon ageing and 
prolonged naïve T-cell self-renewal, the number of CD4+CD31+ TNAIVE cells decreases, 
whereas the number of CD4+CD31- TNAIVE cells increases (7,10,11). CD8+ TNAIVE cells are 
characterized by a fast turnover. Although, no equivalent marker to CD31 has been 
identified so far, it is possible that a similar peripheral proliferating CD8 TNAIVE 

population exists. 

Figure 3.  Involution of the thymus results in lower output of CD4 and CD8 T cells. CD4+ TNAIVE 
cells persist due to post-thymic homeostatic proliferation. 
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During the course of T-cell ageing, the percentage of CD8+ TEMRA cells shows a marked
increase (12,13). CD8+ TEMRA cells may display a senescent phenotype, also characterized
by a consecutive loss of expression of CD28 and CD27 (Figure 4). Both CD27 and CD28
are important co-stimulatory receptors essential for an effective activation of the T-cell 
receptor (TCR) signaling pathway (14,15). In parallel, CD8+ TEMRA cells gain expression of
NK cell like receptors such as KLRG1 and CD57, which have been reported to characterize
exhausted / senescent T cells (14,16). Consistent with this phenotype, CD8+ TEMRA cells
show defective cognate cytokine responses and cytotoxic activity. Moreover, these cells do
not proliferate upon IL-2 stimulation and show a marked resistance to apoptosis (12,17). 
Experimental evidence suggests that accumulation of TEMRA cells is driven by chronic
antigenic stimulation by persistent viruses such as cytomegalovirus (CMV), herpes simplex
virus (HSV) and Epstein-Barr virus EBV (18,20). CD8+ TEMRA cells have been reported to
have a high capacity to proliferate in response to IL-15. In addition, IL-15 was shown to 
induce a marked downregulation of CD28 in CD8+CD27+CD45RA+CD28+CCR7+CD62L+
TNAIVE cells (21-23).  Although CD4+ TEM cells may develop towards a TEMRA phenotype, the 
number of CD4+ TEMRA cells in peripheral blood of elderly individuals is generally less 
pronounced than seen for CD8 TEMRA (14). CMV infection may accelerate the accumulation 
of CD4+ TEMRA cells. In clinical conditions, such as end stage kidney disease and in 
autoimmune disease, the accumulation of CD4+ TEMRA cells has been reported. CD4+
TEMRA cells also show expression of KLRG1 and decreased expression of CD27 and CD28.
In contrast to CD8+ TEMRA cells, loss of CD28 in CD4+ TEMRA is preceded by loss of CD27 
(24). 

Figure 4. Age-related differences in expression of T cell surface markers in CD4+ / CD8 TNAIVE

cells and CD4+ / CD8+ TEM cells. Bigger arrows indicate a more pronounced change in phenotype.
Whether the change of TEM to TEMRA differentiation is a main mechanism of CD4+ t cells is a matter of
debate.
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MiRNAs and T-cell ageing 

MiRNAs are small non-coding RNA molecules of ~22 nucleotides that are processed from  
longer primary transcripts in two enzymatic steps (Figure 5). MiRNAs modulate protein 
expression at the post-transcriptional level. The specificity of a miRNA is mainly determined 
by the  seed sequence, i.e. nucleotide 2-8  of the miRNA (25,26). MiRNAs are instrumental 
for developmental processes, lineage commitment and fine-tuning homeostatic cellular 
processes. In the past decade, various miRNAs have been shown to play important 
regulatory functions in the immune system. Several of these studies suggest a profound 
impact of miRNAs on T-cell development, receptor responsiveness, activation and 
differentiation (27-31). Moreover, several miRNAs have been reported to regulate cytokine 
production and IL-2 signaling (32,33). Initial studies on the role of miRNAs in T cells were 
obtained upon a general disruption of miRNA processing in specific T cell subsets by 
inhibition of Dicer, Drosha, and DGCR8 in mice models (27,34).  

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The miRNA biogenesis pathway. The miRNA biogenesis starts with the transcription of the 
primary miRNA transcript (pri-miRNA) by RNA polymerase II. Based on the presence of a stem-loop 
like structure the pri-miRNA is cleaved by a complex of Drosha-DGCR8 in the nucleus. The resulting 
precursor (pre)-miRNA is exported from the nucleus into the cytoplasm by Exportin-5 / Ran-GPT. In the 
cytoplasm, the loop is cleaved from the stem by Dicer. One of the two strands of the double stranded 
miRNA is loaded into Argonaut 2 (Ago2) containing RNA-induced silencing complex (RISC) (shown in 
red). The other strand is degraded (shown in blue). The mature miRNA guides the RISC to its target 
mRNA and inhibits its translation into protein. 

True appreciation of the involvement of miRNAs in regulating cellular ageing has only 
recently been obtained. The first evidence of a role for miRNAs in ageing was reported on 
lin-4, which regulates lifespan of C. elegans (35,36). Moreover, miRNA patterns have been 
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shown to change upon ageing in humans (36,37). MiRNAs with age-associated expression 
patterns have been reported to affect various aspects of the ageing process including the 
cellular energy balance, through regulation of insulin signaling and fat metabolism, and the 
DNA damage response (36). Functional implication of miRNAs in immune ageing has been 
shown by abnormal expression of miR-146a in macrophages of aged mice. This was 
associated with age-related defects in production of cytokines like IL-1β and IL-6 (38,39).  

More recently, age-associated differences in miRNA expression profiles have been reported 
in CD8+CD28- T cells and these changes were linked to T-cell replicative senescence (40). 
A function of both miR-181a and miR-24 has been documented in relation to T-cell 
responsiveness and susceptibility to the DNA damage repair pathway (41,42). Although 
these studies have provided evidence that miRNAs contribute to various aspects of T-cell 
ageing, current knowledge in this field of research is still limited and warrants further studies.   

 

Scope of the thesis 

The identification of specific miRNA expression signatures and their target gene repertoire in 
different cellular ageing models has set the stage to investigate the role of miRNAs in the 
physiology of T-cell ageing. The aim of this study was to investigate T cell activation induced 
kinetics of miRNA expression, define age-related expression signatures of miRNAs in 
defined T-cell subsets and to study the function of selected miRNAs in T-cell biology. In 
Chapter 2 we present an overview on the role of miRNAs in T-cell development, activation, 
differentiation and ageing. In Chapter 3, we studied regulation of selected miRNAs upon T-
cell activation. In Chapter 4 we utilized small RNA sequencing to identify miRNA expression 
changes in T-cell clones with high population doubling (senescent) compared to cells with 
lower population doublings (non-senescent), as a model for T-cell ageing. In Chapter 5, we 
studied miRNA expression signatures of T cells obtained from healthy young and elderly 
individuals. We focused on profiling of CD45RO- and CD45RO+ T cells and related the 
differentially expressed miRNA patterns to T-cell composition and activation. In Chapter 6 
we studied the possible involvement of the miR-23a~24-2 cluster in the IL-15-induced loss of 
CD28 expression in CD8 T cells. In Chapter 7 we identified functional targets of miR-21 
using a high throughput experimental target gene identification approach. Finally, in Chapter 
8 we summarize and discuss the findings of this thesis and place our findings in perspective 
for future research. 
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