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Abstract 

Atherosclerosis is associated with both cellular and humoral immune responses. 
Oxidation specific epitopes generated in the plaque or adventitia could trigger or sustain 
these immune responses. We investigated the presence of such epitopes in human aortas 
in relation to inflammatory cells. Human aortic plaques («=13) were immunohisto-
chemically stained with antibodies against oxidized phospatidylcholines (oxPC), 
apolipoprotein-B (apoB), macrophages, T cells, B cells and immunoglobulines (IgG 
and IgM). Aortas without atherosclerosis (n=3) and reactive lymph nodes (w=7) served 
as reference material. Intimai plaques contained macrophages/foam cells and T cells, 
whereas the adventitial infiltrates contained in addition many B cells and IgG-positive 
plasma cells. OxPC was found in the vicinity of apoB in all intimai plaques but also 
occurred in large adventitial inflammatory aggregates where it showed colocalization 
with lymphocytes. OxPC was scarce or absent in non-atherosclerotic intima and 
adventitia and in lymphoid tissue. The strict colocalization of oxPC with inflammatory 
cells in the intimai plaque and adventitial infiltrates could indicate that these oxidative 
specific epitopes may serve to sustain/propagate these processes and could in addition 
serve as antigens in both cellular (intima/adventitia) and humoral (adventitia) immune 
responses. 
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Introduction 

It is presently widely acknowledged that atherosclerotic plaques contain an 
immune mediated inflammatory process with a distinct relationship with lipid 
infiltration in the intima.1 Oxidative modification of low density lipoproteins (LDL) is 
considered essential in this process. One of the earliest events of LDL modification by 
oxidation is the peroxidation of phosphatidylcholines (PC) and subsequent hydrolysis of 
these oxidatively modified PCs.2 Several PC derivatives formed during peroxidation 
have been identified. When hydroperoxides are cleaved the PCs that remain, containing 
a short chain aldehyde group or a short chain carboxyl group, may act as cytotoxic 
products,3 and may exhibit a platelet-activating propensity.4 Hydrolysis of PCs, during 
LDL oxidation, mediated by the platelet-activating factor acetylhydrolase,5 generates 
lysophosphatidylcholine (lysoPC) and oxidized fatty acids. In particular lysoPC is 
known to induce and propagate inflammatory processes, such as monocyte and T cell 
Chemotaxis,6,7 induction of adhesion molecules and various growth factors.8'9 In fact, 
the process of oxidative modification of LDL generates products with a distinct pro
inflammatory effect, but it also sets the scene for both T cell- and humoral mediated 
immune responses.1(W3 

Most data alluded to above have been obtained in vitro, using biochemical and/or 
cell culture techniques, but the question remains to what extent these processes are 
traceable in human atherosclerotic plaques. Recently, Häkkinen and coworkers14 

demonstrated immunohistochemically that acetylhydrolase was present in lipid-rich 47 
plaques and appeared expressed by macrophages, thus providing in situ evidence for 
oxidative modification of LDL by macrophages. We are particularly interested in these 
phenomena since the intimai lesions in atherosclerosis contain a T cell mediated im
mune response, whereas the adventitial inflammatory infiltrates that occur in advanced 
plaques contain an inflammation of different nature, suggesting a humoral immune 
response. 

Given the widely accepted notion that oxidative modification of LDL plays an 
essential role in the genesis of intimai lesions and given the potential of oxPC to set the 
scene for both cellular- and humoral immune responses, we have studied the presence 
of oxPC and inflammatory cells (macrophages, L cells, B cells) in both intima and 
adventitia in advanced atherosclerosis of the abdominal aorta, using 
immunohistochemical techniques. 

Material and Methods 

Human tissue samples 

This study is based on aortic wall specimens obtained at surgery from 13 patients 
with severe atherosclerotic aortic disease (abdominal aneurysms) (12 men and 
1 woman; mean age±SD: 68±6 years; range 61 to 84 years). Informed consent of the 
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patients was obtained prior to surgery and the study was approved by the local ethical 
comnrittee of the Academic Medical Center. Full thicknessTiopsies i l u d i n g t e 
mtima, media and adventitia were formalin-fixed and subsequently paraffin-embedded 
Sections were cut at 6 p.m and stained with hematoxyhn-eosm to evaluate the presence 
of mtimal and adventitial inflammation in the aortic wall, and an elastic van Gie on 
stain to assess the structural composition of the arterial media. Three normal aortas 
without atherosclerotic disease were collected at autopsy and served as reference 

Lymph nodes (n=7) with reactive follicular hyperplasia were derived from 
different body compartments at autopsy and served as control tissues. These included 
lymph nodes from lung hüus (penbronchial) and para-aortic lymph nodes. 

Immunohistochemistry 

The paraffin blocks were serially sectioned at 6-am thickness. The sections were 

( Ä B :T/ThlSt0Chrr USmg m0USe m 0 n o C " b o d i e s against oxPC 
iwT ^ f " / P l a s m a c e ^ C D 7 9 a , 1:50; DAKO, Glostrup, Denmark) plasma 

ceHs (IgG/igM, 1:10000; DAKO), follicular dendritic cells/B cells (CD21 1^0 
DAKO) and macrophages (CD68, 1:100, PG-M1; DAKO). Rabbit polyclonal a'ntisera 

^7^^TT^y(?^ 1:5000; FltZgerald' MA USA>> T - t ( c u j , I.2UU, DAKO) and endothelial cells (vWf, 1:200- DAKO) 
4 8 The monoclonal antibody directed against oxPC (clone FOHla/DLH3) was 

P " ^ 
previously The antibody reacts with oxidized LDL, but not with native acetvlated or 
maondialdehyde-treated LDL, and cross-reacts with oxid.zed high dens t y * ^ 1 
Antigenic products were produced only when PC was oxidized, whereas other Imid 
failed to react to the antibody. P 

Prior to the immunostaining with the antibodies anti-vWf, anti-CD21 anti-CD3 
anti-IgM and anti-IgG the sections were pretreated with pepsin, whereas se tions ™ 
pretreated with citrate (pH 6.0) in case of the antibodies anti-CD79a, and anti-CD68 

oJTco^r:ry-16 Section:were ieft untreated m case °f « ^ » ™ ' 
oxPC. Control sections were incubated according to the same technique, but with 
repfacement of the primary antibody by a specific monoclonal reagent of simüar 

The primary antibody was applied to the sections, followed by incubation with 
C o n j u g a t e d goat anti-mouse or biotin-conjugated goat anti-rabbit and 
streptavidm-biotin- horseradish peroxidase complex (SABC/HRP- all DAKO 

L°wn?o -' rXldao " f y"" W3S ViSUallZ6d With e i ther diaminobenzidine (DAB 
co„I TV,'ethyl C a r b a Z ° l e ( A E C ' r ed )- S e c t l o n s w e r e * * or only faintly 
counterstamed with hematoxylin. y 
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Results 

Elastic van Gieson and hematoxylin-eosin stainings revealed that all abdominal 
aneurysms showed prominent atherosclerosis of the intima with extensive inflammatory 
infiltrates (Figure la). Three of the 13 atherosclerotic aortas showed an almost intact 
media and in these instances the adventitial layer contained only dispersed solitary 
inflammatory cells. Ten of the 13 atherosclerotic aortas showed moderate to severe 
medial thinning or disruption, accompanied by adventitial inflammatory infiltrates 
which varied from scattered mononuclear cell infiltrates of less than 50 cells each (n=6) 
to larger nodular aggregates with neovascularization (n=4), of which three showed 
formation of follicular structures with germinal centers. 

Immunolocalization of inflammatory cells and oxPC in atherosclerotic 
aortas 

Intima. All atherosclerotic aortas contained extensive atherosclerotic intimai 
lesions with distinct atheroma formation. In these lesions CD68-positive macrophages 
were present as focal aggregates of variable size within the superficial layers and 
shoulder regions and bordering upon the atheroma where macrophages mostly 
presented as foam cells (Figure lb). CD3-positive cells were detected predominantly 
near macrophages in the superficial layers and shoulder regions (Figure lc). In all 
atherosclerotic intimas distinct anti-oxPC cytoplasmic staining was found in 49 
macrophages/foam cells and of collagen fibers in the proximity of the atheroma 
(Figure Id). In the intima and adventitia of normal vessels inflammatory cells were 
virtually absent and there was no staining with anti-oxPC (Figure If). 

Media. The 10 cases with severe attenuation of the media contained infiltrates of 
lymphocytes (angiocentric) and macrophages (angiocentric and diffusely spread 
throughout the media), accompanied by microvessels. There was no oxPC staining 
observed in the media. 

Adventitia. All 10 aortas with moderate to severe medial thinning contained 
lymphoid cells composed of CD79a-positive plasma cells and CD3-positive T cells. 
The 4 cases in which the adventitial lymphoid aggregates were organized in nodular 
structures (Figure 2a), the cellular infiltrates also contained CD79a B cells (Figure 2b), 
albeit intermingled with CD21 -positive follicular dendritic cells. T cells and 
macrophages were encountered in the nodular center and in the parafollicular region in 
close association with microvessels. Most plasma cells showed cytoplasmic IgG 
staining, whereas only a few were IgM-positive. 

In all 10 aortas the adventitial inflammatory infiltrates were distinctly stained 
with anti-oxPC, found as a membrane-associated staining in the peripheral regions of 
adventitial nodular aggregates. The adventitia outside the inflammatory infiltrates was 
always oxPC-negative (Figure 2c). 

Anti-oxPC staining of the lymph nodes was always negative (Figure 2d). 
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Figure 1. 
a, Cross section through part of an atherosclerotic aortic aneurysm, showing a detail of the 
intimai plaque, (b-e). Immunostained serial sections of the intimai plaque. 
b, Prominent immunostaining with anti-CD68 of macrophages with foam cell morphology. 
c, Detail of shoulder of cap (rectangle panel b), showing colocalization between macrophages 
and T cells. Anti-CD68 (blue)/anti-CD3 (red) immunoenzyme doublestain. 
d, Strong oxPC immunostaining in association with collagen fibers in the superficial cap 
layer and cytoplasmic staining in a number of foam cells. 
e, Extracellular apoB colocalized in the same regions that contain oxPC. Anti-apoB 
immunostain. 
f, Cross section through normal aortic vessel showing complete absence of oxPC. Anti-oxPC 
immunostain. fc. fibrous cap; A, atheroma; i, intima; m, media. Bars= 0 1 mm (a b d e and 
f) and 0.05 mm (c). 
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Colocalization of oxPC and apoB 

To determine whether immunoreactive oxPC derivatives were associated with 
native LDL, adjacent serial sections were stained also with an anti-apoB antibody. In 
the intima extensive apoB staining was found extracellularly in the fibrous cap and to a 
large extent colocalizing with areas containing oxPC-positive macrophages (Figure le). 
In the media and adventitia of atherosclerotic vessels apoB staining was always 
negative, also in areas that stained positive for oxPC. 

Discussion 

In this study we have shown that anti-oxPC is present in both intima and 
adventitia of aortas with advanced atherosclerosis. In the intima macrophages, in 
particular those exhibiting foam cell transformation, showed distinct cytoplasmic 
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Figure 2. 
a, Overview of a cross section of an atherosclerotic aneurysm, showing cholesterol christals in 
the plaque (A) and extensive inflammatory infiltrate in the adventitia (adv). 
Hematoxylin-eosin stain, b and c show further magnifications of the adventitial infiltrate. 
b, Anti-CD79a shows that the majority of cells are B cells and plasma cells. 
c, OxPC is found in association with the infiltrate, but not in other regions of the adventitia. 
Anti-oxPC immunostain. 
d, Cross section through lymph node, showing complete absence of oxPC. Anti-oxPC 
immunostain. Bars = 0.5 mm (a) and 0.25 mm (b, c and d). 



Chapter 3 

staining for oxPC; in the adventitia oxPC was found associated with lymphoid 
infiltrates, composed of mainly B cells/plasma cells and occasional follicular dendritic 
cells, and presented as a membrane-associated staining. 

The association between oxPC and inflammatory cells in early atherosclerotic 
lesions within the intima has been described previously, using immunohistochemical 
techniques.17 Biochemical analysis, moreover, has revealed that oxPC represents the 
major component of the total phospholipid peroxides recovered from mature human 
atherosclerotic plaques.18 The present work documents colocalization of oxPC with 
apoB, thus supporting the concept that oxPC in the intimai lesions is derived from 
invaded LDL particles and thus provides additional support for the concept that oxPC 
plays a role in sustaining the inflammatory response in advanced stages of 
atherosclerosis. The colocalization between oxPC and macrophages, moreover, 
suggests that local generation of lysophosphatidylcholines could occur by hydrolysis of 
oxPC by macrophage-derived acetylhydrolase; a phenomenon which then could result 
in local T cell activation.19-20 

It is of major interest that oxPC was found also associated with inflammatory 
infiltrates in the adventitia, particularly in those with formation of follicular structures. 
It also appeared that in these sites oxPC was not associated with LDL, because of the 
negative apoB staining. Adventitial aggregates, composed of B cells, are potentially 
capable of generating humoral immune responses, once organized as follicles with 
germinal centers.16 The finding that oxidative epitopes occur in the adventitia could 

52 indicate that humoral immune responses are generated against oxPC. The fact that 
(organized) follicles in lymph nodes were oxPC-negative, could indicate that the 
observed oxPC positivity is unique for lymphoid aggregates associated with severe 
intimai atherosclerosis. A potential explanation for the presence of oxPC in the 
adventitia, without detectable apoB, could be that products generated during oxidative 
stress in the intimai plaque, have been actively or passively transported to the adventitia 
as previously proposed.21 Another option could be, of course, that the apoB fragment 
itself has been modified to an extent that it no longer can be detected with the antibody 
used. 

At the same time, the possibility should be considered that ex-vivo oxidation 
could have occurred, since there is per definition a time lapse between retrieval of tissue 
samples and fixation. However, we used surgical instead of autopsy material and the 
time lapse therefore was very short (several minutes only). Moreover, control lymphoid 
tissues (obtained at autopsy) were always negative. 

In conclusion, the local presence of oxPC in both intima and adventitia in the 
presence of immunocompetent cells, can be instrumental in propagating and/or 
sustaining a smouldering inflammatory process and may contribute to both cellular and 
humoral immune responses. 
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