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CHAPTER 5 

ABSTRACT 

Background 

C-reactive protein (CRP) is an inflammatory marker and plasma levels serve as predictor for 

coronary events. However, CRP has been reported recently to occur inside human atheroscle

rotic lesions where it could promote foam cell formation and complement activation, thus 

enhancing destabilization of plaques. We investigated the simultaneous presence of macropha

ges, CRP, membrane attack complex C5b-9 (MAC) and oxidized low-density lipoprotein 

(oxLDL) in atherectomy specimens of patients with different coronary syndromes. 

Methods and Results 

A total of 54 patients with stable (SA, n = 21) and unstable (UA, n = 15) angina and myocar

dial infarction (Ml, n = 18) underwent directional coronary atherectomy for culprit coronary 

lesions. Cryostat sections of atherosclerotic plaques were immunohistochemically stained with 

the monoclonal antibodies CD68 (macrophages), 5G4 (CRP), aEl 1 (MAC) and 12E7 (oxLDL). 

Immunopositivc areas were evaluated in relation to fibrous cap and neointima tissues, ather

oma and media. Quantitative analysis was performed by using image cytometry (QPROl)IT 

5.2) with systematic random sampling (expressed as percentage immunopositive tissue 

area/total tissue area). Simultaneous immunopositivity for macrophages, CRP, MAC, and 

oxLDL occurred in 76 to 98%. Quantitative analysis showed significantly higher percentages of 

macrophages in plaques of patients with MI (44 ± 3%), compared to UA (30 ± 4%, p < 0.05) 

and SA (20 ± 2%, p < 0.001). CRP also occurred in significantly higher percentages in MI 

(25 ± 3%) and UA (25 ± 4%) compared to SA (12 ± 2%, p < 0.05). 

Conclusions 

Macrophages and CRP in culprit coronary lesions increase with the severity of the coronary 

syndromes. The simultaneous occurrence with MAC and oxLDL strongly suggests a role for 

CRP in plaque destabilization. 
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INTRODUCTION 

Atherosclerosis is currently considered as an inflammatory disease, in which immune mecha

nisms play a pivotal role. [1,2] Inflammatory mediators are considered instrumental in early 

atherosclerotic lesion formation, plaque progression and plaque rupture. [3] Moreover, 

inflammatory markers, such as C-reactive protein (CRP), showed to he strong independent 

predictors for future cardiovascular risk. [ 1 ] Recently, CRP was identified within early atheros

clerotic lesions in human coronary arteries obtained at autopsy [2]. This is of interest, because 

CRP could be involved directly in the intraplaque inflammatory process by stimulation of 

monocytes to release inflammatory cytokines [3] and by induction of adhesion molecule 

expression by the endothelium. [4] Furthermore, CRP promotes foam cell formation by opso

nizing low-density lipoprotein (LDL) [5] and complement activation via the classical pathway, 

[6] which may lead to further progression and destabilization of atherosclerotic plaques. 

However, as yet no data are available on the potential clinical consequences in terms of severi

ty of the clinical manifestation of coronary syndromes. Therefore, the aim of this study was to 

evaluate the presence of intraplaque CRP, in relation with that of the terminal membrane 

attack complex C5b-9 (MAC), oxidized low-density lipoprotein (oxLDL) and macrophages, 

assessed by immunohistochemical analysis of directional coronary atherectomy (DCA) speci

mens in patients with stable angina (SA), unstable angina (UA), and acute myocardial infarc

tion (Ml). 

METHODS 

Patients 

A total of 54 patients with SA (Canadian Cardiovascular Society class 1-3, n - 21), [7] UA 

(Braunwald's class II and III, n = 15), [8] and acute MI (n = 18), underwent IX A for de novo 

culprit coronary lesions. The coronary lesion was identified as the "culprit lesion" based on cli

nical and electrocardiographic findings. 

Immunohistochemistry 

The obtained coronary plaque specimens were directly frozen in liquid nitrogen and stored at 

-80 °C. All specimens were serially sectioned at 5-mm thickness and prepared for immuno

histochemistry. The primary monoclonal antibodies used were anti-CD68 (Dakopatts, 

Glostrup, Denmark) for macrophages; anti-5G4 for CRP, which was obtained by fusing spleen 

cells from a mouse immunized with human CRP with SP2/0 cells as described by Wolbink et 

al6; aEl 1 (Dakopatts) for C5b-9 and 12E7 (Biodesign International) for oxLDL. In all cases a 
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three-step indirect peroxidase method was used as previously described [9] and antibody com

plexes were visualized by 3-amino-ethyIcarbazole. Positive control and non-immune negative 

control slides were performed for each stain. 

Quali tat ive and Quanti tat ive Morphology 

Qualitative assessment was performed by determining the immunopositive areas, and if possi

ble, in relation to fibrous cap, neointimal tissues, atheroma and media. 1 lematoxylin eosin and 

elastic van (lieson stained sections were used to identify: [ 1 ] fibrous cap tissue, characterized 

by tibrocellular or fibrosclerotic tissue with sparse cells or by In percellular areas but without 

evidence of stellate cells; [2] neointima tissue, defined by hypercellular myxoid tissue with stel

late shaped cells; [3] atheroma, characterized by necrotic cellular debris with or without cho

lesterol crystals and without connective tissue; and [4] media, conclusively based on fragments 

which contained part of the internal elastic lamina. Simultaneous presence of anti-CD68, anti-

5G4, anti-aEl 1 and anti-12E7 was assessed in specimens of patients with stable and unstable 

angina and myocardial infarction in relation to fibrous cap tissue, neointimal tissue, atheroma 

and media. 

Quantitative analysis of immunohistochemistry was performed by using image cytometry 

(QPRODIT 5.2) [10] with systematic random sampling. For each specimen the total plaque 

area was outlined manually and the areas stained with anti-CD68 and anti-5G4, respectively, 

were calculated automatically. Results were expressed as percentage immunopositive tissue area 

ol the total tissue area. The pathologists were blinded to the results of the clinical findings. 

Statistical Analysis 

Data are expressed as mean±SEM. For comparison of continuous data within the three patient 

subgroups ( SA, ( 'A and Ml i, one-way analysis ol variance and a post hoc Scheffe's test was used 

(SPSS for Windows, vs. 11.0, Arlington, VA). A Chi square test was performed for categorical 

data. Values of p < 0.05 were considered statistical!} significant. 

RESULTS 

Patients 

Baseline clinical characteristics of the patients with SA, UA and MI are summarized in Table 1. 

Mean age was not statistically different between groups: SA (58.8 ± 2.3 yr.), UA (58.6 ± 3.3 yr.) 

and MI (59.7 ± 3.0 yr.). Mean maximal serum CK-MB in the MI group was 256 ± 45 U/L. 

Culprit lesions were located in the left anterior descending coronary artery (n = 39, 72%), the 

left circumflex coronary artery (n = 2, 4%) and the right coronary artery (n = 13, 24%). 
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Table i Baseline Characteristics of All Study Patients 

Male 

Yes 

No 

Hypertension 

Yes 

No 

Hypercholesterolemia 

Yes 

No 

Family history 

Yes 

No 

Cigarette smoking 

Yes 

No 

Nitrate 

Yes 

No 

Beta blocker 

Yes 

No 

Ca antagonist 

Yes 

No 

Aspirin 

Yes 

No 

Statin 

Yes 

No 

ACE inhibitors 

Yes 

No 

n 

n = 44 

n = 10 

n = 14 

n = 38 

n = 16 

n = 38 

n = 17 

n = 37 

n = 25 

n = 29 

n = 32 

n = 22 

n = 32 

n = 22 

n = 32 

n = 22 

n = 42 

n = 12 

n = 5 

n = 49 

n = 7 

n = 47 

SA 

(n = 21) 

39% (17) 

40% (4) 

21% (3) 

47% (18) 

38% (6) 

39% (15) 

29% (5) 

43% (16) 

32% (8) 

45% (13) 

59% (19)* 

9% (2)* 

53% (17)* 

18% (4)* 

56% (18)* 

14% (3)* 

45% (19)* 

17% (2)* 

20% (1) 

41% (20) 

43% (3) 

38% (18) 

UA 

(n = i5) 

30% (13) 

20% (2) 

36% (5) 

26% (10) 

19% (3) 

32% (12) 

29% (5) 

27% (10) 

44% (11) 

14% (4) 

31% (10)* 

23% (5)* 

38% (12)* 

14% (3)* 

41% (13)* 

9% (2)* 

31% (13)* 

17% (2)* 

40% (2) 

27% (13) 

29% (2) 

28% (13) 

Ml 

(n = 18) 

32% (14) 

40% (4) 

43% (6) 

32% (12) 

44% (7) 

29% (11) 

41% (7) 

30% (11) 

24% (6) 

41% (12) 

9% (3) 

69% (15) 

9% (3) 

69% (15) 

3% (1) 

77% (17) 

24% (10) 

67% (8) 

40% (2) 

33% (16) 

29% (2) 

34% (16) 

'p < 0.05 compared to group Ml. SA indicates stable angina pectoris; UA, unstable angina pectoris; 

Ml, myocardial infarction. 
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Figure 7 Part of an atherectomy specimen of a culprit lesion of a patient with unstable angina showing distinct 

multifocal presence ofCRP (anti-sG4). 

Qualitative Morphology 

Immunohistochemistry was performed on atherectomy specimen of all patients; serial staining 

results for macrophages, CRP, MAC, and oxLDL were available in 54, 48, 54, and 48 patients, 

respectively. In 45 patients serial sections with each of these four stainings was available. 

Immunohistochemical analysis showed distinct multi focal presence of CRP [figure 1], which 

occurred predominantly in the fibrocellular cap and in atheroma [Table 2]. Immunopositive 

staining in relation to fibrous cap and neointimal tissues and atheroma, showed a close rela

tionship between the presence of macrophages, CRP, MAC, and oxLDL which ranged between 

70 to 98% [Table 2]. A significant higher simultaneous presence of macrophages, CRP, MAC, 

and oxLDL in specimen of patients with UA and MI compared to SA was observed in relation 

to fibrous cap tissue [fable 3]. Moreover, simultaneous presence of macrophages, CRP, MAC, 

and oxLDL in relation to neointimal tissue and atheroma was significantly higher in specimen 

of patients with MI compared to SA. immunohistochemical images of atherectomy specimens 

of patients with SA and MI are shown in Figure 2 and 3. 
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Table 2 The Number of Sections in which Macrophages, C-Reactive Protein (CRP), Membrane 

Attack Complex (MAC) and Oxidized Low-density Lipoprotein (OxLDL) was Found in Relation to 

Different Plaque Components (Fibrous Cap, Neointimal Tissues, Atheroma and Media) 

Fibrous Cap 

Neointima 

Atheroma 

Media 

Macrophages 

53/54* 

25/31t 

49/50** 

4/14t* 

CRP 

44/54 

12/291 

38/50* 

5/8 

MAC 

47/48* 

22/25 

37/44t 

6/10t 

OxLDL 

47/48" 

22/25 

39/42* 

4/IOtt-

'p < 0.05 compared to media; t p < 0.05 compared tofibrocellular cap; t p < 0.05 compared 

to neointima. 

Table 3 Simultaneous Presence of Macrophages, C-Reactive Protein (CRP), Membrane Attack 

Complex (MAC) and Oxidized Low-density Lipoprotein (OxLDL) in Atherectomy Specimen of 

Culprit Lesions of Patients With Stable (SA) and Unstable Angina (UA) and Myocardial Infarction 

(Ml) in Relation to Fibrous Cap, Neointimal Tissues, Atheroma and Media 

SA 

(n = 16) 

UA 

(n = i3) 

Ml 

(n = 16) 

Fibrous Cap 

Neointima 

Atheroma 

Media 

9/16*t 

0/9* 

5/16* 

0 /6 

12/13 

3/8 

9/12 

0/1 

15/16 

6/7 

16/16 

2/3 

'p < 0.05 compared to Ml; t p < 0.05 compared to UA. 

Quant i ta t ive Morphology 

Quantitative immunohistochemical data of atherectomy specimen of coronary lesions of 

patients with SA, UA and MI show a significant positive relation between the extent of macro

phages and the severity of the coronary syndrome [/> < 0.05, Figure 4]. Furthermore, CRP was 

significantly more present in MI and UA in comparison with SA [p < 0.05, Figure 4]. 
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Figure 3 Serial sections of atherectomy specimen of a coronary lesion of a patient with acute myocardial mfarcti 
on. Overview in A. Elastic van Cieson stain, boxed area in B through F B, Hematoxylin-eosin stained section of part 
of the fibrous cap containing inflammatory cells. Immunostained sections show positive areas of macrophages in 
C (anti-CD68>, C-reactive protein in D (anti-sC4). membrane attack complex Csb-g in E (anti-aEn), and oxLDL 
positivity in F (anti-i2Ey). 
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p = 0.0001 

Macrophages 

p = 0.010 

p = 0.019 

C-Reactive Protein 

Figure 4 Quo •unohistochemical data of percentages macrophages and C-reactive protein per tissue 

area of coronary lesions of patients with stable (white bars) and unstable angina (pink bars) and acute myocardial 

• on (red bars). 

DISCUSSION 

This is the first report demonstrating a positive relation in vivo between the extent of intrap 

laque (1RP and the clinical manifestation of coronary syndromes. The prominent prevalence of 

CRP, together with macrophages, MAC, and oxl I >l , in relation to fibrous cap tissue and ather

oma, suggests a pathogenic role lor CRP in plaque destahili/ation and, hence, in the genesis ol 

acute coronary syndromes. 

()ur present insight regarding the elementary role of inflammatory cells and mediators lor the 

onset of coronary plaque destahili/ation ami rupture in humans stems mostly from autopsy 

based studies. [11-13] Actuated macrophages and I lymphocytes produce numerous growth 

factors and proteases, which are capable of destabilizing the fibrous cap. [14, 15] The ensuing 

plaque disruption with superimposed thrombosis underlies the clinical manifestation of acute 

coronary syndromes and related cardiac death. More recent studies, evaluating atherosclerotic 

plaque specimens retrieved by 1 >CA, have demonstrated significant differences in the extent ot 

plaque inflammation between patients with stable or unstable angina. [16, 17] Coronary 

lesions of patients with UA or Ml contain more macrophages and T lymphocytes, compared to 

coronary lesions of patients with chronic SA. These studies provided further support ot the 

contention that infiltration of inflammatory cells is crucial for the onset and also prognosis of 

unstable coronary syndromes. [18] 
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In the last decade, C-reactive protein has been used as an indicator for an "inflammatory con

dition." A positive relation between serum levels of CRP and the severity of the clinical manife

stations of coronary syndromes was shown. [19] Furthermore, high levels of CRP were associa

ted positively with the severity of future cardiovascular events, even after coronary intervention. 

[1,20,21] Nevertheless, we should be aware of factors such as extravascular infections, tissue 

injury, smoking and obesity that increase plasma levels of CRP via other cytokines, mainly inter-

leukin 6 [IL-6, Figure 5]. [22, 23] CRP was initially assumed to be produced solely by the liver. 

In response to tissue injury, including MI, production of acute phase proteins is upregulated in 

hepatocytes through cytokines [Figure 5] [24] Apart from this systemic response to inflamma

tion it has now been shown that cells within atherosclerotic plaques also synthesize CRP. [25] 

vessel lumen 

atherosclerotic 
plaque 

(MJ macrophage 

C£C___) foam cell 

IDl | (oxidized /modified) LDL 

MAC | membrane attack complex 

acute coronary syndromes 

Figure 5 Schematic picture of the potential role of CRP in plaque destabilization. CRP is produced by macrophages 

(M) within the atherosclerotic plaque and by the liver. It attracts and activates monocytes, promotes foam cell 

formation (FC) and activates complement. Complement activation leads to formation of the membrane attack 

complex (MAC) which may result cell lysis and enhancement of clotting by induction of tissue factor and glyco

protein llb/llla receptors on platelets This sequence of events may induce plaque destabilization and may lead to 

acute coronary syndromes. Question mark indicates the unknown relation between "plaque CRP" and "blood CRP". 
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Macrophages and smooth muscle-like cells in atherosclerotic plaques produce seven limes more 

()RP mRNA than the liver. Whether or not this "plaque CRP" contributes to the level of measu

red blood CRP and vice versa is unknown and was also not investigated in this study. 

Consideration-, that CRP can be instrumental in orchestrating intraplaque inflammation stem 

from the fact that CRP has a profound effect on immune mechanisms known to play a role in 

atherogenesis. For instance, ()RP can bechemotactic for monocytes and lymphocytes by indu

cing adhesion molecule expression on the endothelium. [4] Monocytes, which have migrated 

into the atherosclerotic plaque, develop into macrophages and subsequent loam cells by pha

gocytosis of (ox)LDL [26, 27 ; a phenomenon, which can be stimulated by CRP also. [5] The 

inflammatory cascade is further encouraged by the chemotaxis ol oxLDL for other monocytes 

and binding of CRP to enzymatically modified 1.1)1., which activates complement. [28,29] CRP 

may activate complement also via the classical pathway. [2, 6] It is intriguing, therefore, that 

CRP in human atherosclerotic lesions localizes closely associated with macrophages, the ter 

mina! membrane attack complex (C5b-9) of human complement and oxLDL. [2, 25] It has 

been reported previously that in early lesions a diffuse deposition of CRP occurred in the deep 

fibroelastic and muscular layer of the intima and in foam cell macrophages in the subendothe-

lial layer, albeit at the latter site without complement colocalization. [2] We found colocali/a-

tion between CRP, macrophages, MAC <\nd oxLDL, in high percentages in almost all tissue 

components of the atherectomy specimens [Table 2] . This observation, which appears to be in 

contrast with the study ofTorzewski et al, [2] however, could be explained by differences in the 

stage of the atherosclerotic lesions studied. Our study was performed on advanced and com

plicated lesions of patients with acute coronary syndromes, whereas that ofTorzewski et al. [2] 

was based on early lesions or "fatty streaks." Yasojima et al. [25] on the other hand, reported 

colocalization of CRP with MAC in advanced human atherosclerotic plaques obtained at auto

psy. Recently, Burke and coworkers [30] reported high levels ol plasma CRP in sudden coro

nary death victims which correlated with intraplaque CRP staining intensity and "thin cap 

atheroma". One may hypothesize, therefore, that the self-amplifying inflammatory response 

accounts for the severity of the coronary syndrome. This concept finds support in our obser

vation that macrophages, CRP, MAC and oxI.DI show a high incidence of colocalization and 

together are most prominent in the culprit lesions of patients with myocardial infarction [Table 

3] compared to patients with SA. 
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