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Chapter 8 

The studies described in this thesis are primarily focused on aspects involved in 
the activation of lymphocytes in human atherosclerosis. Chapter 1 provides the 
background information and rationale for the studies. 

Seroepidemiological studies support a relationship between atherosclerotic 
disease and infection with Chlamydia (C.) pneumoniae; an association further endorsed 
by immunocytochemical and DNA directed studies. However, the question arised 
whether C. pneumoniae acts as a causal antigen, or is merely a bystander. To this end, 
in Chapter 2 we have analyzed the T lymphocyte population of carotid atherosclerotic 
plaques of symptomatic patients for their response against C. pneumoniae. We found in 
patients with unstable angina that 5 out of 8 T cell lines were responsive to 
C. pneumoniae elementary bodies. In the cloned T cell lines we found that a substantial 
number of clones (up to 30%) were reactive with C. pneumoniae, of which the majority 
(17/18, 96%) showed a Thl-cytokine profile. This observation, in combination with the 
findings of immunohistochemically detectable C. pneumoniae antigens in the plaque 
and serological evidence for a past infection with C. pneumoniae, strongly suggest that 
C. pneumoniae could act as trigger for T cell activation in a subpopulation of patients 
with unstable angina. A recent study showed that peripheral blood derived 
T lymphocytes from patients with unstable angina and chronic stable angina were also 
responsive to C. pneumoniae antigens.' It thus appears that C. pneumoniae could be 
among the antigens that can trigger both local T cell mediated immune responses in the 
plaque and systemic T cell activation in the serum, albeit that this is not necessarily 

11 g associated with acute clinical syndromes. 
Next to C. pneumoniae, other infectious agents have been suggested as being 

involved in atherosclerotic disease, such as cytomegalovirus and Helicobacter pylori ? 
In this respect it is important to note that recent investigations in humans showed that 
the pathogenic burden (the number of infectious pathogens to which an individual has 
been exposed), increased the risk of coronary artery disease.3-5 

In addition to (putative) stimulation by infectious agent(s), such as 
C. pneumoniae, oxidation specific epitopes generated in the plaque or adventitia could 
trigger or sustain T cell mediated and humoral immune responses, based on several 
in vitro studies. We investigated the presence of such epitopes in human aortas in 
relation to inflammatory cells (Chapter 3). We found a strict colocalization between 
plaque T cells and macrophages and oxidized phosphatidylcholine (oxPC), an epitope 
generated during the oxidation of LDL. The fact that apoB colocalized with oxPC 
suggests that this epitope was generated by the oxidation of LDL. These data could 
indicate that oxidation specific epitopes may sustain/propagate inflammatory processes 
and may serve as antigens in cell-mediated immune responses. A recent study revealed 
that immunohistochemical oxPC was much more abundant in atherosclerotic specimens 
of patients with unstable angina pectoris compared to stable angina pectoris.6 Given the 
fact that in vitro oxLDL derivatives can set the scene for cellular immune responses, 
together with the observation that in vivo oxPC often colocalizes with immune 
competent cells, it can be speculated that increased presence of oxPC in symptomatic 
atherosclerotic lesions is associated with increased activation of cellular immune 
responses. 
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Apart from antigen dependent T cell activation, it has recently been shown that 
(memory) T cells can be activated under the direction of TL-15, through a direct cell-
contact-dependent mechanism, in the absence of local antigen recognition or cytokine 
secretion. We investigated IL-15 expression in atherosclerotic plaques in relation to 
plaque morphology, inflammatory cells, T cell activation and oxidation specific 
epitopes (Chapter 4). We found strong IL-15 protein and mRNA expression in lipid-
rich plaques in association with monocytes/ macrophages in a membrane-associated 
manner. OxLDL and IL-15 showed distinct colocalization and substantial number of 
activated (CD40L+)T cells were found in the near vicinity of, or adjacent to IL-15 
positive macrophages. Moreover, plaque derived T cell lines were highly responsive to 
IL-15. Our observations, therefore, suggest that antigen-independent T cell activation 
can occur in atherosclerotic plaques. 

From the studies described in Chapters 2-4 it can be concluded that T cells 
derived from atherosclerotic plaques could be responsive to infectious agents, plaque 
derived antigens (antigen dependent), IL-15 (antigen independent), or all. Although it is 
clear that plaque antigens (oxLDL), and infectious antigens (e.g. C. pneumoniae) can 
trigger T cell activation in vitro, it is still unclear whether this actually occurs in vivo, 
the more so since there is no compelling evidence that T cells in advanced human 
atherosclerotic plaques are clonally expanded, as was determined by TCR 
rearrangement analysis. Furthermore, the numbers of IL-2R positive T cells, indicative 
for recent clonal expansion, is rather low in atherosclerotic plaques. Based on these 
considerations it could be hypothesized that although plaque T cells are of polyclonal 
origin, without strong evidence for clonal expansion, they can be activated by IL-15 in 
a non-antigen, but cell-contact-depdendent mechanism, thereby contributing to the 
process of atherosclerotic plaque development. 

Irrespective whether T cells are activated in an antigen dependent or non-antigen 
dependent manner, it is known that direct cell-to-cell contact between activated T cells 
and smooth muscle cells and/or macrophages can result in the (increased) production of 
mediators with plaque destabilizing potentials, such as MMPs and pro-inflammatory 
cytokines. Ligation of IL-15 and CD40 and their concomitant receptors IL-15R com
plex and CD40L appear to be intimately involved in the production of such mediators 
(Chapters 1 and 4). We analyzed the in vitro expression of CD40, IL-15 and IL-15Ra 
on peripheral blood derived monocytes and endatherectomy derived smooth muscle cells 
(Chapter 6). We observed by flow cytometry constitutive membrane-associated 
expression of CD40, IL-15 and IL-15Ra on monocytes, which was upregulated by 
IFN-y. Exposure to nLDL or oxLDL resulted only in an increase of membrane-
associated CD40. This suggests that oxLDL not only modulates inflammatory 
processes by the induction of macrophage-derived cytokines (e.g. IL-8, IL-12, MCP-1 ), 
but also affects these processes by the upregulation of surface molecules, such as 
CD40. Unstimulated smooth muscle cells showed constitutive expression of IL-15 and 
IL-15R0C, but not of CD40. This could implicate that in addition to monocytes/ 
macrophages, smooth muscle cells are involved in the activation of T cells by the 
(constitutive) expression of IL-15. Because IL-15 exerts its function by direct cell-to-
cell contact, it will be important to determine whether it is expressed as a (functional) 
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membrane-associated molecule on smooth muscle cells. 
Next to cell-contact dependent pathway(s), activated T cells are considered to be 

involved in the atherosclerotic process by secretion of cytokines, in particular that of 
IFN-y. Several in vitro studies have suggested a regulatory role for IFN-y in human 
atherosclerosis. Recent studies in hypercholesterolemic (ApoE"/_) mice have 
demonstrated that IFN-y plays a detrimental role in vivo, modulating both local (plaque 
environment) and systemic processes. It is widely believed that the aberrant expression 
of HLA-DR on smooth muscle cells provides circumstantial evidence for the local 
presence of IFN-y in atherosclerotic plaques.7 Furthermore, the observation that the 
majority of T cells express the chemokine receptor CXCR3, which is specifically 
expressed by Thl cells,8 is another indication that IFN-y could be locally produced in 
atherosclerotic lesions. Indeed, previous studies detected IFN-y protein in situ with 
immunohistochemistry and its corresponding mRNA with RT-PCR in human 
atherosclerotic plaques. In the immunohistochemical studies the IFN-y positive cells 
were assumed to be activated T cells. However, in a pilot study performed at our 
laboratory with a particular anti-IFN-y antibody (clone MD-2), strong staining of 
smooth muscle cells was found, whereas T cells appeared to be negative, as determined 
with immunosingle and double staining. Since T cells and natural killer cells are 
considered as the sole source of IFN-y,9 we tested the specificity and reproducibility of 
IFN-y immunohistochemistry more elaborately on tissue sections containing activated 
Fhl cells, with a large panel of anti-IFN-y antibodies («=13) (Chapter 5). IFN-y 

120 immunohistochemical single- and double staining analysis of the tissue sections 
revealed hugh variations in staining patterns, including smooth muscle cells, endothelial 
cells, extracellular matrix and a small subset of plasma cells. Specific staining of 
T cells, as the sole positive staining, was not achieved with any of the antibodies. The 
inability to stain T cells is likely due to leakage and/or sensitivity problems; intact 
in vitro stimulated T cells, with accumulated intracellular IFN-y, were readily stained, 
whereas these similar activated T cells were negative after cryosectioning. The staining 
of other cell types is likely non-specific and due to staining artifacts. This implies that 
previous studies demonstrating IFN-y with this similar technique in atherosclerotic 
lesions as well as in other tissues, should be interpreted with great caution, since the 
obtained staining signal is likely the result of staining artifacts. Alike IFN-y, other 
(T cellderived) cytokines, such as IL-2 and IL-4, are transiently produced in small 
amounts and secreted in the extracellular environment. Considering these physiological 
similarities, it can be suggested that the problems to detect IFN-y with 
immunohistochemical techniques might be also applicable to such cytokines. In 
addition, this might also (in part) explain why we were unable to detect IL-15 by 
smooth muscle cells in atherosclerotic lesions with immunohistochemistry, whereas we 
could readily detect IL-15 expression with flow cytometry in cultured smooth muscle 
cells. A possible explanation might be that (intracellular) IL-15 leaked out of the tissue 
during processing of cryosections as was demonstrated for IFN-y immunohisto
chemistry. 

Apart from T cell activation, there are indications for B cell activation in 
atherogenesis, as exemplified by the presence of immunoglobulins directed against 
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oxLDL in both serum and atherosclerotic plaque tissue. It is currently believed that 
such anti-oxLDL immunoglobulins are generated in (locally draining) lymph nodes. 
However, advanced atherosclerotic lesions often contain adventitial lymphoid 
infiltrates, which occasionally contain nodular aggregates resembling lymphoid 
follicles. The structural organization suggests that local maturation of B cells may take 
place at these sites, as described for the mucosa-associated lymphoid tissue (MALT) 
We evaluated this concept by studying the microanatomy and cellular composition of 
adventitial infiltrated associated with advanced atherosclerosis of the aorta (Chapter 7), 
We observed a close resemblance between adventitial lymphoid nodular infiltrates in 
advanced atherosclerosis and the tissues of MALT, signified by prominent HECA-452 
immunoreactivity of the endothelial cells within the follicles and the occurrence of large 
numbers of apoptotic cells associated with tingible body macrophages in the germinal 
center. This strongly suggests that these sites play a role in local generation of humoral 
immune response, likely initiated by antigens released during the process of long
standing atherosclerosis-associated plaque inflammation and concomitant local tissue 
injury. 

It is of additional interest that immunoreactive oxPC was found present in 
association with adventitial lymphoid aggregates, some of which with germinal-like 
centres (Chapter 3). Therefore it can be tentatively hypothesized that these infiltrates 
could serve as sites to evoke late humoral immune responses, directed to antigens 
generated in atherosclerotic plaque tissue, such as oxPC. These observations provide 
sufficient background to justify further investigations to localize (other) candidate 121 
antigens in these adventitial follicular centres, the more since there is accumulating 
evidence that immunoglobulins are intimately involved in the atherosclerotic process. 
To address this issue, it will also be important to study the variability of the heavy 
immunoglobulin chains of germinal centre-like B cells, as this could provide additional 
evidence for clonal proliferation and selection of B cells in adventitial germinal-like 
structures. In this respect it is noteworthy that by using above described technique 
features of clonal (B cell) proliferation and selection appeared to be operative in 
follicles without germinal centres in the synovial membrane of patients with rheumatoid 
arthritis.10 
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