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This discussion starts with a short introduction, after which I will discuss the consecutive 
chapters and the issues arising from them. In this thesis we analyzed human lung T cell 
characteristics to clarify their role in lung health and disease. Based on the knowledge that 
human lung T cells differ phenotypically from peripheral blood T cells and that the lung 
T cell pool is enriched for cells directed against respiratory viruses 1;2, our hypothesis was 
that the human lung contains a resident, virus-specific memory T cell pool. During our 
ongoing research two studies were published about the role of the expression of integrin 
CD103 on human lung T cells. The first, by the group of Wardlaw, demonstrated that 
lung T cells expressing CD103 or integrin-α1 also expressed activation marker CD69 and 
that many cells were triple+ for both integrins and CD69 3. As triple+ cells co-expressed 
CXCR6 and were hardly present in peripheral blood, the group suggested that these cells 
were retained within the lung. One year later a Japanese team showed that CD103 was 
mainly expressed by intraepithelial T cells in the human lung and that these cells produced  
IFN-γ 4. It had just been described that different functional subsets of gut DCs could 
be discerned by the expression of CD103 5;6, but they were the first to propose that lung 
CD103+ intraepithelial lymphocytes might have a different immunological function than 
CD103- T cells isolated from subepithelial tissue. As the respiratory epithelium forms the 
entrance site for respiratory viruses, we were anxious to test the function and specificity 
of these intraepithelial lung T cells, to see whether this population contains the putative 
resident virus-specific memory T cells. 

In the study described in the first chapter of this thesis, we confirmed that most CD8+ 
T cells expressing the protein CD103 were located inside the epithelium lining the small 
airways. Analyzing these cells further, we found indeed that CD103 was expressed by lung 
CD8+ T cells specific for influenza (a respiratory virus) but not by those specific for viruses 
that do not primarily affect the lungs (e.g., EBV and CMV).  In addition, influenza- but not 
CMV- or EBV-specific lung CD8+ T cells expressed α1-integrin, a receptor that is important 
for the adhesion and survival of influenza-specific T cells in mouse lung 7-9. Interestingly, 
apart from differences in specificity, CD103+CD8+ T cells formed a distinct T cell subset 
as they had a significantly higher expression of inhibitory molecules and virtually lacked 
cytotoxic proteins. The ability of these cells to rapidly upregulate perforin and granzyme B 
upon virus infection rescues their cytotoxic effector function when needed. These functional 
and molecular characteristics of CD103+CD8+ T cells indicate that they likely provide a 
rapid and efficient local response to protect against influenza infection but are restrained 
from damaging the delicate lining of the airways under non-inflammatory conditions 10. 

The fact that we did not find T cells with similar phenotype and function in peripheral 
blood supports the hypothesis that lung CD103+CD8+ T cells do not recirculate, but form 
a lung-resident population. We provide further evidence for this theory in the second 
chapter, where we show that human lung CD8+ T cells have a gene expression signature 
that is distinct from antigen-experienced circulating CD8+ T cells. This difference is so 
pronounced, that even naïve and antigen-experienced peripheral blood CD8+ T cells were 
more alike than antigen-experienced blood and lung CD8+ T cells. Moreover, lung CD8+ 
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T-cells lacked lymph node homing receptors and were instead equipped with chemokine 
receptors and integrins that enhance binding to and movement towards lung structural cells, 
lung immune cells and extracellular matrix. This phenotype was especially pronounced in 
the CD103+ intraepithelial CD8+ T-cell fraction. This study also imparted us new insight 
into the possible mechanism behind the location-specific regulation of cytotoxicity in lung 
CD8+ T cells. We established that lung CD8+ T cells had a 27-fold increase in granzyme B 
mRNA expression compared with antigen-experienced peripheral blood CD8+ T cells, in the 
absence of a difference on the protein level. Moreover, there was a global downregulation 
of ribosomal proteins and other factors required for translation in lung CD8+ T cells. 
These data suggest that translational suppression might be responsible for refraining lung 
CD103+CD8+ T cells from cytotoxicity in the absence of infection. 

When we started these micro-array analyses, we were still ignorant of the functional 
dichotomy between CD103+ and CD103- lung CD8+ T cells. As CD27 has been established 
as a marker to discriminate human effector and memory CD8+ T cells in peripheral blood, 
we compared gene expression profiles of antigen-experienced CD27+ (memory phenotype) 
and CD27- (effector phenotype) lung CD8+ T cells 11. CD27+ and CD27- peripheral blood 
CD8+ T cells are known to have very distinct gene expression profiles 12.  Surprisingly, the 
comparison between paired CD27+ and CD27- lung CD8+ T cell samples yielded very few 
significantly differentially regulated genes. In peripheral blood, the loss of CD27 by CD8+ 

T cells coincides with the acquisition of cytotoxic effector proteins 11, but the phenotypical 
division in effector and memory phenotype cells based on the expression of CD27 is not 
applicable to lung CD8+ T cells. Most cells expressing perforin and granzyme B are CD27- 
(Figure 1A, left), but this distinction is not as clear as in peripheral blood and not all lung 
CD27-CD8+ T cells express cytotoxic proteins. Lack of CD103 is a better discriminator for 
cytotoxic phenotype than lack of CD27, especially concerning granzyme B (Figure 1A, 
right). To assess the individual roles of CD27 and CD103, we compared the expression 
of perforin, granzyme B and cytotoxic T cell transcription factor T-bet protein between 
lung CD103+CD27+, CD103+CD27-, CD103-CD27+ and CD103-CD27- CD8+ T cells (Figure 
1B). It proved that CD8+ T cells lacking both CD103 and CD27 were the cells with a true 
effector phenotype (Figure 1B). On the other hand, upregulation of granzyme B mRNA in 
lung CD8+ T cells could be attributed to the CD103+ lung CD8+ T cells, as shown by qPCR 
on lung CD103+CD27+/-, CD103-CD27+ and CD103-CD27- CD8+ T cells (Figure 1C).This 
corroborates our idea that lung CD103+CD8+ T cells are efficient cytotoxic effector cells that 
are, in the absence of infection, withheld from cytotoxicity by translational suppression. 

Considering the strong effector potential of CD103+ lung CD8+ T cells, it was remarkable 
to see that these cells also on the mRNA level had a low expression of transcription factors 
that are known to regulate CD8+ effector function 13. Eomesodermin (encoded by Eomes) 
and blimp-1 (encoded by PRDM1) were expressed at lower levels than in all other antigen-
experienced cell subsets and T-bet (Tbx21)-expression in CD103+ lung CD8+ T cells was 
even lower than in naïve CD8+ T cells (Figure 1C). However, zinc finger 683 (encoded 
by ZNF683), a close homolog of PRDM1 12, was upregulated in lung CD103+CD8+ T cells 
compared with blood effector-type cells and CD103-CD27- and CD27+ lung cells. This 
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Figure 1. Lung CD103+ CD8+ T cells are translationally inhibited effector cells that lack classical effector 
transcription factor expression. A: Lung CD8+ T cell expression of perforin and granzyme B compared 
with CD27-expression (left) and CD103-expression (right). Plots are gated on CD3+ CD8+ cells within the 
lymphocyte life gate. Plots are representative for 20 patients. B: Histogram overlays showing the expression of 
cytotoxic molecules and transcription factors by  CD103+CD27+, CD103+CD27-, CD103-CD27+ and CD103-

CD27- CD3+CD8+ T cells. Histogram plots are representative for 18-25 patients. C: qPCR measuring the 
mRNA-expression of effector molecules and transcription factors by sorted CD103+CD27+/-, CD103-CD27+ 
and CD103-CD27- CD3+CD8+ T cells. Expression levels are depicted as fold change compared to naïve CD8+ 
T cells. As a comparison, expression levels of peripheral blood memory- and effector-type CD8+ T cells are 
shown. Naïve, memory and effector-type CD8+ T cells consist of pooled mRNA of sorted cell subsets from 
5 healthy donors. N = 1.
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transcription factor has been shown to be highly expressed by latent HCMV-specific cells 
and is suggested to perform at least part of the functions of PRDM1 in long-lived human 
effector-type T cells 12;14-16. 

We don’t know why CD27 is not a foolproof marker for identifying effector and memory 
T cells in the lung. Looking again at Figure 1C, now focusing on the CD103- lung CD8+ 

T cells, it is remarkable that both CD27+ and CD27- lung CD8+ T cells express an equal 
amount of granzyme B mRNA as blood effector CD8+ T cells. A similar pattern can be seen 
for IFN-γ mRNA, and T-bet mRNA is even higher in CD27+ than CD27- lung CD8+ T cells 
(Figure 1C). These data and the fact that there is not a clear CD27+CD8+ T cell population 
in the lung suggest that the majority of lung CD8+ T cells are in fact differentiated effector 
memory cells with a high (cytotoxic) effector potential irrespective of subtle differences in 
the intensity of CD27 expression. 

Due to practical and ethical limitations inherent to human research it is difficult to directly 
study the processes that maintain the human lung effector memory CD8+ T cell pool 17. 
Indeed, as it is impossible to obtain adequately sized lung samples from individuals 
at several time points, the dynamics of the local lung memory response can only be 
investigated by indirect means. The vast range of genes and proteins that is differentially 
expressed between blood and lung CD8+ T cells (as shown in chapter one and two) and the 
fact that many proteins are stably expressed, make it very unlikely that lung CD8+ T cells 
recirculate, but in theory local environmental influences could quickly alter the expression 
of certain proteins and genes.  However, a feature of CD8+ T cells that never changes is the 
specificity of the TCR. In chapter three we therefore used high-throughput sequencing of 
the TCRVβ-repertoire 18 of blood and lung CD8+ T cells in order to determine the role of the 
circulating CD8+ T cell pool in maintaining lung CD8+ T cell populations.  We demonstrate 
that CD103- lung CD8+ T cells share several clones with peripheral blood CD8+ T cells and 
that the TCR-repertoire of CMV-specific CD8+ T cells in blood and lung is almost identical. 
In contrast, we find a very limited overlap in TCR-clonality between CD103+CD8+ T cell 
populations and CD103- lung and peripheral blood CD8+ T cells and also influenza-specific 
blood and lung CD8+ TCR-repertoire hardly overlap. The finding that lung CD103+CD8+ T 
cell TCRVβ-repertoire differs almost as much from CD103-CD8+ T cells as from peripheral 
blood  CD8+ T cells, indicates that there is no random recirculation of T cells between 
blood and lung, but also not between different anatomical locations within the lung. Likely, 
different niches exist where cells are preferentially maintained.

It is still a matter of much debate, which processes maintain local memory CD8+ T cells in 
non-lymphoid organs. Mice studies exploiting models of respiratory infection have shown 
that the first months post-infection, virus-specific T cells in the lung can be maintained by 
recruitment of cells that have been activated by antigen presentation from antigen-depots 
in lung draining lymph nodes 19. However, these antigen-depots wane and the lung virus-
specific memory T cell pool gradually diminishes until eventually respiratory virus-specific 
T cells reach similar frequencies in lung and other peripheral or lymphoid tissues 20;21. 
From this phase onwards, the lung virus-specific memory T cell population is maintained 
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exclusively by recruitment of memory cells from the periphery 22-24. However, our data 
indicate that human T cell dynamics might be different. Clonality differs so much between 
blood and lung influenza-specific CD8+ T cells, that recruitment from the periphery might 
only make a minimal contribution to the maintenance of the local memory pool. In addition, 
it has already been shown in previous studies that contrary to mice, in humans the lung 
CD8+ T cell pool stays enriched for respiratory virus-specific CD8+ T cells for years after 
infection 1. Although mouse models have provided invaluable insight in the dynamics of the 
host response to infection, characteristics of the immune response in experimental disease 
models in inbred mice cannot always be extrapolated to genetically diverse humans living 
in the pathogen-rich real world 25. For a start, it is difficult to compare the exact duration 
of immunological processes between humans and mice 26. Therefore, it does not have to be 
a discrepancy that we find an increased longevity of virus-specific cells in humans. When 
virus-specific cells remain present in the lung for months in mice, the human equivalent 
might very well be several years.  Also, residual antigen might be present in humans for 
much longer, nurturing the virus-specific T cells. Still, naïve cells that migrated to the 
lymph node to get activated by residual antigen should be detectable in peripheral blood 
when leaving the lymph node. As we could not detect these cells in peripheral blood, we 
think that this is not the main mechanism maintaining the lung virus-specific T cell pool 
either. Instead, we hypothesize that the human lung influenza-specific CD8+ T cell memory 
pool is in part maintained by local antigen contact. People could be exposed to influenza 
virus every year during the FLU-season, often without developing infection. Due to the 
intraepithelial location of FLU-specific CD8+ T cells (chapter 1), inhalation of even small 
amounts of virus could enable these T cells to be repetitively boosted by their specific antigen. 
Mice kept under pathogen-free conditions are obviously deprived from such stimulation. 
Additional mechanisms such as increased resistance to apoptosis by pro-survival signals via 
members of the TNFR-family (chapter 2) and interactions between virus-specific cells and 
extracellular matrix (chapter 1) might contribute to local memory population survival 9;27;28. 

Another important mechanism for cell population survival is proliferation in response to 
cytokines of the common γ-chain family. For memory CD8+ T cells this is mainly mediated 
by IL-15, whereas IL-7 can enhance survival of non-proliferating cells 29. Human lung CD8+ 
T cells express less IL-7Rα than peripheral blood CD8+ T cells and IL-7Rα is known to be 
strongly downregulated by influenza-specific lung CD8+ T cells in mice 1;30. Therefore, IL-7/
IL-7 Rα interaction might not be very important for maintenance of virus-specific CD8+ T 
cells in human lung. Influenza models in mice have shown that airway virus-specific CD8+ 

T cells are irresponsive to IL-15 due to downregulation of IL-15R 30. Although this same 
mechanism occurs in virus-specific lung CD8+ T cells early in infection, these cells regain 
their responsiveness to IL-15 in the memory phase. The virus-specific airway T cells in this 
mouse influenza model were obtained by bronchoalveolar lavage and are therefore derived 
truly from the airway lumen and the alveolar compartment. The airway CD103+CD8+ 
T cells we study, are not located in the lumen, but at the basolateral side of the airway 
epithelium and might therefore be considered as IL-15 responsive lung CD8+ T cells. In our 
micro-array study in chapter two, we did not find an upregulation of IL-15R, but we did 
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Figure 2. Lung CD103+ NK cells resemble lung CD103+ CD8+ T cells in their lack of perforin, granzyme 
B and T-bet expression. A: Lung NK cell expression of CD16, perforin, granzyme B and T-bet compared 
with CD103-expression. Plots are representative for 6 -19 patients. B: Expression of perforin, granzyme B and 
T-bet by paired CD103+ and CD103- lung NK cells. N = 6-19. C: Histogram overlays showing the expression 
of perforin, granzyme B and T-bet by CD103+CD16-, CD103-CD16- and CD103-CD16+ NK cells. Plots are 
representative for 19 patients. D: Histogram overlays showing the expression of perforin, and granzyme B 
by CD56bright, and CD56dim (left) and CD27+  and CD27- lung NK cells (right). Plots are representative for 50 
patients. All plots are gated on CD3- CD56+ cells within the lymphocyte life gate. ** = p < 0.01; *** = p < 0.001.
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find an increase in IL-21R. IL-21 is, like IL-7 and IL-15 a member of the common γ-chain 
family of cytokines and has been implicated in the survival of antigen-specific CD8+ T cells 
in non-lymphoid organs, including the lung 31. A recent study in humans suggested that 
IL-21 enhances IL-15 mediated proliferation of memory CD8+ T cells 32. The fact that we did 
not find an upregulation of IL-15R on lung CD8+ T cells, does not rule out a role for IL-15 in 
maintaining virus-specific CD8+ T cells in the human lung, as IL-15 can be trans-presented 
by IL-15Rα-expressing pulmonary DCs 33;34.  Thus, we suggest that respiratory virus-specific 
memory CD8+ T cells can be maintained in the human lung by proliferation in response to 
IL-15, IL-21 and intermittent antigen-contact.

IL-15Rα-expressing pulmonary DCs trans-presenting IL-15 are either pDCs or CD8α+ 
DCs 33. In the scope of our research, it is worthwhile mentioning that another subset of 
murine pulmonary DCs expresses CD103 35-37. Up till now, the presence of these DCs in 
human lung has not been confirmed. CD103+ DCs are located preferentially along the 
airways and the vasculature, where they take up antigen which they subsequently transport 
to the lung draining lymph nodes. Special traits of these DCs are their ability to take up 
apoptotic cells (i.e. dying infected epithelial cells) and to cross-present antigen to CD8+ 

T cells 36;37. As such, they have a dual role: they both contribute to the maintenance of 
tolerance to self-antigens and play an important role in driving virus-specific CD8+ T 
cell responses against viruses that do either not infect DCs or interfere with MHC class I 
antigen processing and presentation 37. CD103+ DCs in mesenteric lymph nodes and lamina 
propria have been demonstrated to be essential for the generation of gut-homing CD8+ T 
cells, by inducing expression of CCR9 and α4β7 on these cells in a RALDH-dependent way 
5;38. Whether pulmonary CD103+ DCs are equally important for generating lung-homing 
CD8+ T cells remains to be investigated. Considering their role in anti-viral defense this 
seems a plausible option.

We provided evidence in chapter one to three for a resident lung CD8+ T cell pool by showing 
differences in gene expression, phenotype, function, specificity and clonality between blood 
and lung CD8+ T cells. Furthermore, we established that on all these levels differences exist 
between CD103+ and CD103- lung CD8+ T cells, indicating that intra- and subepithelial lung 
CD8+ T cells are T cell subsets with distinct functions and characteristics that are maintained 
independent from each other. In chapter four we show that these findings are not CD8+ T cell 
specific, as we provide evidence for the existence of a resident effector memory CD4+ T cell 
population in the human lung that differs phenotypically and functionally from peripheral 
blood CD4+ T cells. Like in lung CD8+ T cells, chemokinereceptors CXCR6 and CCR5 and 
adhesion molecules CD103 and VLA-1 that might play a role in lung homing and retention 
were upregulated in lung CD4+ T cells, whereas S1PR1 (sphingosine-1-phosphate receptor 
1) and ICAM2, required for tissue egress, and CCR7 and SELL (L-selectin), necessary for 
lymph node migration, were strongly downregulated 17;39-43.  In analogy of lung CD8+ T 
cells, lung CD4+ T cells expressing CD103 showed the largest differences with peripheral 
blood T cells with the highest expression of lung homing and adhesion molecules and the 
lowest expression of receptors required for lymph node homing. These data suggest that the 
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human lung CD4+ T cell pool and especially the CD103+ subset contain resident effector 
memory cells that exert their function locally without migrating to the lymph nodes. 

Lung CD4+ T cells could be divided into three separate populations based on the 
expression of CD27 and CD103. Our array data indicate that these three subsets carry 
out specialized functions at distinct anatomical locations within the lung. CD103-CD27+ 
cells might play an important role in providing B cell help, possibly within organized 
lymphoid structures and CD103-CD27- cells have an overt TH1 and cytotoxic function. 
Lung CD103+CD27- CD4+ T cells not only phenotypically, but also functionally mimic 
CD103+CD8+ T cells. They are the most powerful producers of IFN-γ and have strong 
cytotoxic capacity. Moreover, they show the same discrepancy in the expression of cytotoxic 
molecules on mRNA and protein level. Furthermore, in spite of their strong cytotoxic 
function and IFN-γ production, CD103+CD4+ T cells similar to CD103+CD8+ T cells lack 

T-bet protein and do not show a higher gene expression of any of the transcription factors 
associated with these effector functions. The transcription factor that was most upregulated 
in lung CD103+CD4+T cells, mimicking the expression profile of GZMB, was like in 
CD103+CD8+ T cells PRDM1-homolog ZNF683 12. 

It was previously demonstrated that lung CD4+ T cells expressing CD103 and VLA-1 
are located close to the airway epithelium 4;7;44. Thus we propose that lung CD103+CD4+ T 
cells, like CD103+CD8+ T cells are uniquely adapted to carry out their TH1 and cytotoxic 
function within the immunologically challenged environment of the epithelium. It would 
be important to assess whether these cells are specific for respiratory viruses. In that case 
they would be able to kill infected epithelial cells that cross-present viral antigens 45-50. Their 
location close to the epithelium might also enable them to provide help to CD103+CD8+ 
T cells. Both the migration of virus-specific CD8+ T cells to infected tissue and the 
maintenance of a functional long-lived virus-specific CD8+ memory T cell pool require 
CD4+ T cell help 51-53.       

Together, our data show that for both CD4+ and CD8+ T cells distinct functional subsets 
can be discerned based on the expression of CD103. To assess whether a similar distinction 
could be made for other lung lymphocytes, we analyzed the phenotype of lung B cells and 
natural killer (NK) cells. Peripheral blood and lung B cells did not express CD103 (data 
not shown). Peripheral blood NK cells did not express CD103 either (data not shown), but 
2-19% of lung NK cells was CD103+ (Figure 2A). NK cells were identified as CD3-CD56+ 

cells, excluding the possibility that these were NKT cells 54. Moreover, we confirmed in a 
selection of patients that CD103+ NK cells expressed NKp46 (data not shown), to validate 
that these were truly NK cells 55;56. Interestingly, just like CD103+ lung CD4+ and CD8+ T 
cells, CD103+ lung NK cells hardly expressed perforin, granzyme B and T-bet protein (Figure 
2A).  This differed significantly from the high perforin, granzyme B and T-bet expression 
by CD103- lung NK cells (Figure 2B). CD103 was a better marker to differentiate between 
lung NK cells expressing perforin and granzyme B than CD16, CD27 or cell surface density 
of CD56 (Figure 2C and D). These markers were previously described to discriminate 
cytotoxic (CD56dimCD16+ and CD27-) and cytokine producing (CD56brightCD16+/− and 
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CD27+) NK cells in peripheral blood 57;58, although a recent study showed CD56dim NK cells 
capable of early IFN-γ production 59. We established that both CD103+ and CD103- lung 
NK cells were able to produce IFN-γ within 4 hours of stimulation (data not shown). Non-
cytotoxic NK cells have been described to be present at the ultimate immunoprivileged site 
of the human uterus 60. But we predict based on our findings in CD103+CD4+ and CD8+ T 
cells, that CD103+ lung NK cells do contain granzyme B and perforin mRNA that they can 
quickly translate into protein to exert cytotoxic effector function. This mechanism has been 
described to occur upon activation of resting murine NK cells 61. 

A key question for the understanding of our data is where and how the specific 
characteristics of CD103+ lymphocytes are induced and which factors drive their 
preferential localization to the epithelium. Mouse studies have elucidated several factors 
that play a part in the imprinting of tissue tropic T cells. These include antigen type and 
dose and the local microenvironment in which T cells are primed, consisting of lymph node 
stromal cells, specialized DC subsets (i.e. the earlier mentioned CD103+ DCs) influenced by 
non-hematopoietic peripheral tissue cells and lymph node chemical environment 6;38;62-65;65-

67. These interactions induce the expression of chemokinereceptors and integrins required 
for tissue homing 68.  When pronounced tissue inflammation is present, upregulation of 
inflammatory chemokine and adhesion receptor ligands might overcome the requirements 
for tissue-specific lymphocyte entry into inflamed tissues, but the relative importance of this 
mechanism remains ill-defined 69. After migration to the target tissue, local factors such as 
structural tissue cells, local milieu and target cell type contribute to shaping tissue-specific 
T cell responses 70;71. Although many specific players in T cell migration to skin and gut have 
been identified, it is still unclear whether lung-draining DCs impart a particular instruction 
pattern for migration to lung parenchyma or whether T cell activation or inflammation are 
sufficient to drive T cell homing 17.  Current evidence shows that during respiratory virus 
infection chemokinereceptor CXCR3 is important for T cell migration to the lung, whereas 
CCR5 is required for migration to the airways 72-75. Whether integrins CD103 and VLA-1 
play a role in T cell migration to the respiratory epithelium, or are mainly important for 
local adhesion and survival is still unclear 7-9;76-78. It is known that T cells in CD103-/- mice 
can still migrate to intestinal epithelium 79. CD103-expression can be induced by TCR-
ligation in the presence of TGF-β, but whether this occurs in the tissue draining lymph 
node or in the TGF-β rich epithelial environment remains to be elucidated 80-83.

Another important query emerges from the correlation between CD103 expression 
and function in lung CD8+ T cells, CD4+ T cells and possibly NK cells. Which process or 
mechanism is instructing these cells to restrain their cytotoxicity? Previous publications 
have demonstrated that virus-specificity can induce several phenotypical and functional 
traits in T cells 12;84-88.  It is possible that the human lung CD103+ T cell population consists 
mainly of cells specific for respiratory viruses. We demonstrated that the CD103+CD8+ T 
cell pool contains influenza-specific cells and many characteristics of CD103+CD4+ T cells 
including their location close to the epithelium suggest a similar specificity. In that case, 
this virus-specificity could determine the common restrained cytotoxic phenotype. It is 
likely that the lung CD103+ T cell population contains cells directed against other common 
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respiratory viruses that are able to infect the epithelium. As these viruses use a similar route 
of infection and are possibly presented by the same DC subsets, this might however lead to 
a similar imprinting of cells as with influenza infection 89.  That CD103+ lung NK cells lack 
protein expression of cytotoxic mediators opposes the role of virus-specificity as it indicates 
that also non-specific lymphocytes might exhibit the inhibited cytotoxic phenotype. An 
even more important clue comes from research with human decidual effector-memory T 
cells. These cells, isolated from the lining of the human uterus after pregnancy, showed 
exactly the same phenomenon of high levels of cytotoxic mRNA without concomitant 
protein expression 90. This is highly suggestive for a common mucosal factor that inhibits 
granzyme B translation in mucosal lymphocytes. Although this uterine study did not 
analyze CD103 expression on decidual T cells, we do not think that CD103 expression 
itself induces the inhibited cytotoxic phenotype of mucosal T cells. We do know from our 
own experiments that CD103 expression is very stable and is not downregulated during 
upregulation of cytotoxic proteins. Many studies show CD103 expression on perforin and 
granzyme B protein containing cells 91;92. In addition, CD103 is expressed by peripheral 
blood T cells that do not have the ability to quickly become cytotoxic upon TCR-stimulation, 
such as peripheral blood T cells with regulatory capacity and recent thymic emigrants 93;94. 
We therefore propose that interaction of mucosal lymphocytes with a common mucosal 
environmental factor such as cytokine milieu, extracellular matrix or ligands expressed by 
structural cells is responsible for suppression of granzyme B translation. Therefore, lung 
lymphocyte phenotype and function depend both on differentiation and subsequent local 
modulation.

In chapter one to four, we have provided extensive evidence for the existence of a local, 
non-recirculating lung memory T cell pool. These locally residing memory cells have 
been proven vital for protecting the host against recurring respiratory infections 95-97. We 
have also shown that these cells are phenotypically and functionally adapted to the local 
mucosal environment. These adaptations might be crucial to quickly enable adequate 
effector function when needed but at the same time prevent immunopathology as much 
as possible.  However, disturbances in the mechanisms regulating effector function could 
lead to severe pulmonary disease. Insufficient effector function could lead to susceptibility 
to infections and the development of malignancy and could also lead to a more severe 
course of these diseases, due to defective cytotoxic clearance of infected or dysplastic 
epithelial cells 98-101. Inadequate inhibition of effector function on the other hand, leads to 
inflammation and tissue damage and could play a role in the development of inflammatory 
lung diseases such as COPD, asthma and sarcoidosis 102-104. Indeed, CD8+ T cells have been 
implicated in the pathogenesis of COPD, as the number of CD8+ T cells in human lung and 
airways is increased in COPD and correlates with the severity of disease measured as the 
degree of airflow limitation 105-108.  In chapter five we show in humans with and without 
COPD that the degree of airflow limitation is linearly correlated with lung CD103+CD8+ 

T cell expression of the inhibitory receptor CD94/NKG2A. In addition, there is a strong 
correlation between the amount of smoking pack-years and expression of CD94 and 
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NKG2A on total and CD103+CD8+ T cells.  CD8+ T cells expressing CD94/NKG2A are 
inhibited in TNF-production and cytotoxic degranulation, when the receptor has bound its 
ligand HLA-E 100;109-111. Therefore, this might indicate a role for too much instead of too little 
inhibition of intraepithelial CD8+ T cell effector function in the pathogenesis of COPD. This 
seems paradoxical, but we hypothesize that a smoking–induced hampered lung CD8+ T cell 
effector function predisposes to more frequent and more severe respiratory infections, thus 
inducing increased lung inflammation and damage, which might lead to the development 
of COPD. 

Many studies provide cues for a role of virus infection in the pathogenesis of COPD.  
First of all, mice studies show that inadequate inhibition of the CD8+ T cell response 
after influenza infection leads to ongoing pulmonary inflammation after viral clearance 
112, mimicking the chronic inflammation in COPD. Moreover, cigarette smoke augments 
influenza induced airway and alveolar inflammatory and remodelling responses, leading to 
the accelerated development of emphysema and airway fibrosis 113. In addition, an increased 
oligoclonality of the T cell repertoire and increased numbers of lymphoid follicles have 
been found in the lungs of COPD patients 114-117. These lymphoid follicles can be induced 
by local infection and also show signs of oligoclonality, together with the oligoclonal T 
cell repertoire suggestive for a local, possibly infectious, antigen-driven proliferation 
115;118. Whether these findings have a causal relationship with COPD or merely reflect the 
infectious history of COPD patients, is still unclear. COPD patients are more susceptible 
to infections and infections play an important role in the clinical course of COPD. COPD 
patients suffer from frequent disease exacerbations, which are associated with disease 
progression 119-121. In 40-60% of these exacerbations respiratory viruses have been isolated. 
Furthermore, low-grade RSV or latent adenovirus infections are associated with faster or 
more severe lung function impairment in COPD 122;123. Therefore, our finding that CD8+ T 
cell effector function might be suppressed in COPD patients can be relevant for both the 
initiation and the course of disease. 

It should be noted that another hypothesis for the pathogenesis of COPD considers 
smoking-induced inflammation with possibly damage-induced uncovering of auto-
antigens sufficient for CD8+ T cell migration to the lung. In this light oligoclonal reactions 
could be directed against auto-antigens instead of pathogen-derived antigens 124. Mouse 
models of smoking-induced pulmonary inflammation have been shown to induce CD8+ 

T cell dependent COPD-like disease. Importantly, in these models pathology consisted of 
emphysematous destruction of the alveolar compartment and lacked signs of irreversible 
airway disease 125-128. Thus, although many studies implicate an important role for virus 
infection and CD8+ T cells in the pathophysiology of COPD, their exact contribution to the 
development and course of the disease is still unclear.

Our data about lung CD8+ T cell function, phenotype and clonality provide important 
insight into the pathogenesis of COPD, irrespective of the preferred hypothesis about 
pulmonary CD8+ T cell inflammation. In chapter one to three we showed that human 
lung CD8+ T cells cannot be analyzed as one whole population, but that important 
location-specific differences exist that have to be taken into account. In chapter five this is 
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emphasized by our finding that the phenotype of intraepithelial lymphocytes is associated 
with the severity of airway disease. Furthermore, our data suggest that the lung CD8+ T cell 
pool is not maintained by continuous recruitment from the periphery. Up till now, CD8+ 
T-cell research in COPD has focused on mechanisms of CD8+ T cell recruitment to the 
lung. Interesting new therapeutic options may arise by analyzing possibilities to interfere 
with the local pathways that maintain the resident lung CD8+ T cell pool. In chapter four 
we identified lung CD4+ T cell subsets with possible roles in the defense against respiratory 
viruses and the induction of auto-antibodies. Several studies have been conducted in COPD 
patients into the effector function of CD8+ T cells derived from other compartments than 
the lung 106;129;130. Our data in chapter five, showing that modulation of intraepithelial CD8+ 
T cell effector function might be another promising new approach in the battle against 
COPD, underline the importance of performing organ-specific research.

Although the clinical part of this thesis focused on the role of T cells in COPD, it is likely 
that (dys)regulation of T cell function plays a role in many other lung diseases such as lung 
cancer and respiratory infections. Together with COPD they pose a major global health 
problem, the impact of which was already pointed out in the introduction of this thesis. 
Due to a lack of efficient therapeutic options, the number of deaths caused by many of 
these diseases is still increasing. One important underlying cause is that detailed knowledge 
about the physiological and pathophysiological processes in the human lung is missing. 

Factors that play a role in this are the rigid classification of health and disease and the 
division of overlapping biomedical disorders in  different disease entities; classifications that 
are not primarily founded on causative biological processes, but on clinical symptoms and 
characteristics. This leads to an artificial classification of diseases that are likely to share a 
similar pathological mechanism. Unfortunately, this provisional classification still forms an 
important basis for the organization of present-day research, causing a compartmentalization 
of not only clinical, but also basic research. This can lead to fragmentation of knowledge 
which limits or delays the translation of research findings. Also, uncritical categorization 
of research findings according to clinical disease definitions might create a blind spot for 
genuine novel results that could create better insight in the biological processes of disease. 
Therefore, promotion of an open-minded, unbiased research design and attitude is essential. 

A good example of a research finding that might be very relevant for other diseases as well 
is the increased expression of molecules inhibiting T cell effector function on intraepithelial 
lung CD8+ T cells in smokers and in people with COPD. It would be interesting to assess 
whether lung CD8+ T cells from patients with other inflammatory lung diseases such as 
asthma, show a similar phenomenon. In addition, several studies have shown that high 
CD94/NKG2A expression can lead to a reduction in the killing of (pre-)malignant cells 
and therefore increase the risk for carcinogenesis 98;101;111;131. Future research could establish 
whether lung cancer outcome can be influenced by enhancing inhibited effector function of 
tumor infiltrating lymphocytes.

The artificial definitions that classify health and disease and overlapping pathophysiological 
mechanisms as different entities, are not the sole reason for the slow advancements in 
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understanding the pathophysiology of pulmonary diseases. Another point is that many 
translational studies focus so much on the clinical importance, that they only study cells 
or mechanisms in patients and forget to compare these findings with healthy controls. This 
has led to hypotheses implicating a number of cell types, molecules and cytokines in the 
pathogenesis of pulmonary disease, whereas these features are also present in people without 
this disease. This shows that it is impossible to understand the immunopathology of disease 
without studying immunological processes in unaffected tissue. 

However, my most important recommendation for future human immunological 
research concerning pulmonary disease is to be aware of location-specific differences. 
For instance, most COPD-related T cell research is still performed on peripheral blood 
derived cells or on cells obtained from sputum or BAL. But in this thesis we clearly show 
that phenotype, function, specificity and clonality of peripheral blood derived T cells are 
not representative for lung derived T cells (chapters 1 to 4). Sputum- or BAL-derived 
lymphocytes are likely not representative for lung lymphocytes either. Analysis of paired 
BAL and lung T cell samples in a subgroup of our patients, showed large phenotypical 
differences between cells derived from the two compartments (data not shown).  Therefore, 
to book real progress in understanding lung pathology, research has to focus on players and 
processes in the affected organ itself. Moreover, location-specific differences within the organ 
have to be considered, since we showed that these differences can be equally pronounced as 
differences between blood and lung. We demonstrated the clinical importance of analyzing 
different lung T cell subsets, by showing that CD103+ and CD103- lung CD8+ T cells show 
differences in virus specificity (chapters 1 and 3) and in their association with various 
clinical traits of COPD (chapter 5). 

Understanding how human T cells are adapted to location-specific requirements in both 
their function and the regulation of this function is not only important for research into 
the pathophysiology of disease. It might also teach us vital lessons for the development of 
T cell immunotherapy or T cell vaccines that efficiently target pulmonary malignancies or 
infections without inducing excessive collateral damage. Especially the CD103+ T cells with 
their fast and efficient effector function and their perfect location in the frontline to combat 
respiratory infections and airway malignancies form a promising target for future therapies.
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