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1   |   INTRODUCTION

Epicarditis describes the phenomenon of inflammation of 
the epicardium, the visceral layer of the pericardium, that 
can occur in the context of myocardial infarction (MI) and 
myocarditis, but which can also occur without overt addi-
tional heart disease.1 Inflammation in the epi/pericardium 
can also play a role in the induction of MI as it may exac-
erbate atherosclerotic plaque vulnerability in epicardial 

coronary arteries.2 Moreover, it is known that both MI 
and myocarditis can induce a pro-inflammatory status of 
the intramyocardial vasculature, in which the advanced 
glycation endproduct (AGE) N(e)-(carboxymethyl)lysine 
(CML) plays an important role.3 Higher plasma levels of 
protein-bound AGEs were associated with a higher risk of 
incident cardiovascular events in individuals with type-2 
diabetes mellitus.4 In another study AGEs were associ-
ated with human rupture-prone plaques.5 Microvascular 
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Abstract
Advanced glycation end-products (AGEs) are implicated in the pathogenesis 
of vascular disease. In previous studies we have found increased deposition of 
N(e)-(carboxymethyl)lysine (CML) in intramyocardial vasculature in the heart 
in acute myocardial infarction and myocarditis. It is known that the process of 
inflammation plays a role in the formation of AGEs. In this study we have ex-
plored the presence of CML (a major AGE) in the heart of patients with epicardi-
tis using a monoclonal anti-CML antibody. Nine patients with epicarditis (n = 9) 
died and their hearts were used for this study, control were hearts from patients 
who died from conditions unrelated to heart disease and without signs of myocar-
ditis or epicarditis CML deposition and complement were significantly increased 
in patients with epicarditis compared to control hearts. Thus epicarditis increases 
CML depositions in the intramyocardial vasculature.
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accumulation of AGEs such as CML is an indicator of mi-
crovascular inflammation and dysfunction.

We recently found a significant increase in CML ac-
cumulation coinciding with markers of increased pro-
inflammatory activation of the intramyocardial vascular 
endothelium in patients with lethal COVID-19 that had 
inflammation both in the myocardium (myocarditis) and 
epicardium (epicarditis), mainly consisting of lympho-
cytes and macrophages.6,7

With regard to our findings in these COVID-19 patients 
with myo/epicarditis, we wondered whether in patients 
with epicarditis but not myocarditis the intramyocardial 
vasculature may also be affected. In this study, therefore, 
we quantified CML accumulation in the intramyocardial 
vasculature of deceased non-COVID patients with epicar-
ditis, but without myocarditis and/or MI, and compared 
these to control patients.

2   |   MATERIALS AND METHODS

2.1  |  Human heart tissue

Transmural left ventricular myocardial specimens were 
obtained during autopsy. The specimen was fixed in 4% 
formalin and subsequently embedded in paraffin for 
(immuno)histochemical analysis. Autopsy was performed 
within 24 h after death. We included control patients who 
died of a cause unrelated to heart disease and who did not 
have epicarditis (n = 11) and patients with histological 
signs of epicarditis (n = 9; see Figure  1) without signs 
of other forms of heart disease, including myocardial 

infarction and/or myocarditis. This study was approved 
by the ethics committee of the Vrije Universiteit Medical 
Center, Amsterdam. Use of remaining tissue after the 
pathological examination has been completed is part of 
the patient contract in our Hospital.

2.2  |  Immunohistochemistry

Paraffin-embedded tissue sections (4 μm) were mounted 
on microscope slides and were deparaffinized for 10 min 
in xylene at room temperature and re-hydrated through 
descending concentrations of ethanol. The sections were 
treated with 0.3% H2O2 in methanol for 30 min to block 
endogenous peroxidase activity, after which they were in-
cubated in pepsin for 30 min. This was followed by wash-
ing in phosphate-buffered saline (PBS) and incubation 
for 60 min with mouse-anti-CML (1:250).6 After washing 
in PBS, sections were incubated with Envision at room 
temperature for 30 min and subsequently washed in PBS. 
After that, sections were visualized with diaminobenzi-
dine tetrahydrochloride (DAB) for Envision for 3–5 min.

2.3  |  Immunoscoring

CML staining was quantified using an intensity scoring 
method, whereby each CML-positive blood vessel was 
given an intensity score that was weak (1), moderate (2) 
or strongly positive (3). To obtain the CML immunohisto-
chemical (IH) score, each intensity score was multiplied 
by the number of blood vessels positive for this score. 
These were then added and subsequently divided by the 
surface area of the analysed tissue, resulting in an IH score 
per square centimetre.3 The surface area of the tissue was 
determined using QPRODIT V.3.2 (Leica Microsystems, 
Cambridge, UK).

2.4  |  Statistics

Data analysis was performed with the statistical pro-
grams spss and GraphPad. Gender distribution between 
the groups was analysed with a Pearson chi-square test. 
Mann–Whitney tests were used to compare patient age 
and CML scores between the groups. Statistical signifi-
cance was defined as a value of p < .05.

3   |   RESULTS

The patient characteristics are shown in Table 1. Control 
patients (n = 11; six females and five males) were between 
34 and 87 years old and epicarditis patients (n = 9; 2 females 

F I G U R E  1   Haematoxylin–Eosin-stained heart tissue of 
an epicarditis patient. Visible are the epicardial side of the 
myocardium and the epicardium with adipose tissue (fat), fibrosis, 
accumulated inflammatory cells (inflammation) and fibrin-rich 
thrombus formation (fibrin). ***p = .0003.
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and seven males) were between 38 and 71 years old. 
There were no significant differences in age and gender 
distribution between the control and epicarditis groups. 
One of the included epicarditis patients had diabetes. 
Histopathological changes of the epicardium, including 
inflammatory cell infiltration of the epicardial fat tissue, 
fibrosis and fibrin deposition, consistent with epicarditis 
(Figure 1) were observed in patients of the epicarditis group.

CML was found in the endothelium and smooth mus-
cle cells of intramyocardial blood vessels that were dis-
tributed diffusely throughout the myocardium. We found 
a significant increase in the CML IH-score in epicarditis 
patients compared with controls (p = .0003) (Figure 2A). 
This increase in CML was related to significant increases 
in the numbers of blood vessels with moderate- (intensity 
score 2; p < .0001) and strong- (intensity score 3; p = .0001) 
CML staining in epicarditis patients compared with con-
trols (Figure 2B).

4   |   DISCUSSION

Increased depositions of CML, coinciding with other mark-
ers of microvascular dysfunction, were found previously 
in the cardiac microvasculature of deceased COVID-19 
patients with both myocarditis and epicarditis.8 We now 
found significantly increased CML accumulation in the 
intramyocardial vasculature and also in patients with sole 
epicarditis and without COVID-19.

Epi/pericarditis can be idiopathic but can also be in-
duced by viral-, bacterial- and fungal infections, MI, 

trauma, surgery, neoplasms, radiation and uraemia due to 
renal failure.8 Patients with epicarditis have an increased 
cardiovascular risk that is said to be most probably related 
to its effect on the vulnerability of atherosclerotic plaques 
in the coronary arteries within the epicardium.2 Our study 
now indicates that this increased cardiovascular risk may 
also be attributable to a pro-inflammatory change in in-
tramyocardial vasculature.

The vascular accumulation of AGEs such as CML 
often coincides with increased oxidative stress and a pro-
inflammatory activation of the vasculature,9 as we have 
shown in the hearts and brains of diabetic rats and MI 
patients.3,10,11 In addition, AGE accumulation has been 
shown to play a pathophysiological role in vascular dys-
function, including impaired vasodilation and increased 
vascular permeability.12,13 As such it is considered an in-
dicator of vascular dysfunction. Our current findings thus 
indicate the occurrence of coronary microvascular dys-
function in patients with sole epicarditis, predominantly 
without diabetes, that may contribute to an increased car-
diovascular risk.

T A B L E  1   Patient characteristics.

Characteristic
Control 
(n = 11)

Epicarditis 
(n = 9)

Age (mean ± SD) 67.9 ± 17.6 59.7 ± 11.0

Gender (n, %)

Female 6 (55%) 2 (22%)

Male 5 (45%) 7 (78%)

Diabetes mellitus (n, %) 0 (0%) 1 (11%)

Cause of death (n, %)

Sepsis 4 (36%) 4 (44%)

Neuroblastoma 1 (9%) 0 (0%)

Pulmonary embolism 1 (9%) 0 (0%)

Pneumonia 3 (17%) 3 (33%)

Adenocarcinoma 1 (9%) 0 (0%)

Lung carcinoma 0 (0%) 1 (11%)

Breast carcinoma 1 (9%) 0 (0%)

Euthanasia 2 (18%) 0 (0%)

Car accident 1 (9%) 0 (0%)

Alcoholic cardiomyopathy 0 (0%) 1 (11%)

F I G U R E  2   Quantification of N(e)-(carboxymethyl)lysine 
(CML) in the intramyocardial vasculature. Shown are (A): the 
CML-immunohistochemical (IH) score, as well as (B): the numbers 
of intramyocardial blood vessels with weak- (intensity score 1); 
moderate- (intensity score 2); and strong- (intensity score 3) CML 
staining. ***p = .0001, ****p < .0001.
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This is therefore an observation of potential clinical 
importance. For instance, dysfunction of the coronary mi-
crovasculature can, among others, be an underlying factor 
in the development of stable ischemic heart disease, but 
is also considered a potential cause of MI in the absence 
of obstructive coronary artery disease.14 Our previous ob-
servation of increased cardiac microvascular CML levels 
in patients very soon, that is within 6 h, after the onset of 
MI, suggests that in these patients the cardiac microvas-
culature may have been dysfunctional prior to the onset 
of MI.3

In conclusion, we found increased CML levels in the 
intramyocardial vasculature of patients with sole epicar-
ditis, which could point to a novel risk factor for further 
cardiac complications.
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