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Abstract 
Background. Natural IgM antibodies, and anti-phosphorylcholine IgM (anti-PC IgM) in particular, may modulate 
the pathogenesis of acute myocardial infarction (AMI).
Objectives. An exploratory study was conducted to evaluate the hypothesis that circulating anti-PC IgM and IgM 
binding to damaged cells increases the infarct size and post-infarct inflammatory response in patients with AMI.
Material and Methods. Plasma IgM binding to apoptotic cells (anti-apop IgM) and anti-PC IgM levels were com-
pared in plasma samples from 50 patients with AMI and 46 healthy controls after correction for hemodilution. 
The cumulative release of cardiac markers LDH (lactate dehydrogenase), CK or CK-MB in human myocardium at  
48 hours was used as an indication of infarct size. The circulating levels of mediators such as activated complement, 
C-reactive protein (CRP), interleukin-6 (IL6), interleukin-8 (IL8) and secretory phospholipase A2 (sPLA2) were 
used to assess the post-infarct inflammatory response. Patients with low (< median) and high (> median) levels of 
anti-apop IgM or anti-PC IgM were compared regarding infarct size and post-infarct inflammatory response. An 
electrocardiographical scoring system (Selvester score) was used to asses myocardial infarct size in patients with 
a first AMI (n = 24).
Results. AMI patients demonstrated lower levels of anti-PC IgM on admission (p < 0.01) and at 48 hours (p < 0.001)  
when compared to the healthy controls, whereas anti-apop IgM levels were comparable to control levels. In patients 
with a first infarct, patients with levels of anti-PC IgM above the median demonstrated larger electrocardiographic 
infarct sizes (p = 0.04) and a more pronounced response of the acute phase protein sPLA2 (p = 0.06), with a similar 
post-infarct course of LDH, CK and CK-MB.
Conclusions. These findings suggest that anti-PC IgM plasma levels may participatie in amplifying the inflamma-
tory response of the ischemic heart and contribute to infarct size. However, the levels of anti-PC IgM in patients 
with AMI in this study do not show a significant effect on cardiac markers LDH, CK and CK-MB. Hence, conclu-
sive evidence is not provided by this limited cohort (Adv Clin Exp Med 2012, 21, 4, 455–467).

Key words: apoptosis, complement, cardiology, immunoglobulins, inflammation.

Streszczenie
Wprowadzenie. Naturalne przeciwciała IgM, a zwłaszcza przeciwciała IgM przeciw fosforylocholinie (anty-PC 
IgM), mogą modulować patogenezę ostrego zawału serca (AMI).
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Cel pracy. Poszukiwawcze badanie przeprowadzono w celu oceny hipotezy, że krążące anty-PC IgM i IgM wiążące 
do uszkodzonych komórek zwiększają rozmiar zawału i reakcję zapalną po zawale u chorych z AMI.
Materiał i metody. Stężenie przeciwciał IgM wiążące dla komórek apoptotycznych (anty-APoP IgM) oraz prze-
ciwciał anty-PC w osoczu porównywano w próbkach od 50 pacjentów z ostrym zawałem serca oraz 46 zdrowych 
po korekcji hemodylucji. Skumulowane uwalnianie markerów sercowych LDH, CK lub CK-MB w ludzkim mięśniu 
sercowym po 48 godzinach wykorzystano do oceny wielkości zawału. Stężenie krążących mediatorów, takich jak: 
aktywowany dopełniacz, białko C-reaktywne (CRP), interleukina-6 (IL6), interleukina-8 (IL8) i wydzielnicza fos-
folipaza A2 (sPLA2), wykorzystano do oceny reakcji zapalnej po zawale. Pacjentów z małym (< mediany) i dużym  
(> mediany) stężeniem anty-APoP IgM lub anty-PC IgM porównano pod względem rozmiaru zawału i odpowie-
dzi zapalnej po zawale. oceniono wielkość zawału mięśnia sercowego u pacjentów z pierwszym zawałem serca  
(n = 24) za pomocą systemu punktacji (punktacja Selvester).
Wyniki. U pacjentów z AMI wykazano mniejsze stężenie IgM anty-PC przy przyjęciu (p < 0,01) i po 48 godzinach 
(p < 0,001) w porównaniu z osobami zdrowymi, a stężenie anty-APoP IgM było porównywalne do stężeń z grupy 
kontrolnej. Wśród pacjentów z pierwszym zawałem pacjenci ze stężeniem IgM anty-PC powyżej mediany mieli 
zawał większych rozmiarów (p = 0,04) i bardziej wyrazistą reakcję białka ostrej fazy sPLA2 (p = 0,06) oraz podobny 
przebieg LDH, CK i CK-MB po zawale.
Wnioski. Te odkrycia sugerują, że stężenie anty-PC IgM w osoczu może wzmocnić reakcję zapalną w chorobie niedo-
krwiennej serca i wpłynąć na rozmiar zawału. Stężenie IgM anty-PC u pacjentów z AMI w tym badaniu nie wykazało 
jednak znaczącego wpływu na markery sercowe LDH, CK i CK-MB. Dlatego badanie prowadzone na ograniczonej 
liczbie pacjentów nie dało jednoznacznych dowodów (Adv Clin Exp Med 2012, 21, 4, 455–467).

Słowa kluczowe: apoptoza, dopełniacz, kardiologia, immunoglobuliny, zapalenie.

Acute myocardial infarction (AMI) is associ-
ated with significant morbidity and mortality [1, 2].  
The high initial mortality remains largely un-
changed despite numerous studies exploring novel 
therapeutic strategies [3]. Infarct size is known to be 
an important predictor of morbidity and mortality. 
Restoration of blood flow with thrombolytic thera-
py or primary percutaneous coronary intervention 
(PCI) remain the only effective treatment. However, 
along with its beneficial effect, restoration of blood 
flow elicits an inflammatory response involving an 
increased production of cytokines and acute phase 
proteins such as C-reactive protein (CRP) and se-
cretory phospholipase A2 (sPLA2), as well as infil-
tration of polymorphonuclear granulocytes (PMN) 
[4–6]. Paradoxically, this inflammatory response ag-
gravates myocardial tissue injury (ischemia-reper-
fusion injury). The molecular mechanism responsi-
ble for the causal link between ischemia, infarct size 
and inflammation remains unclear. Further insights 
are needed in order to identify effective therapeutic 
targets and improve clinical outcomes.

Studies have indicated that the complement 
system is a key mediator in the post-infarct in-
flammatory response. Two decades ago it was 
found that recombinant sCR1, a soluble truncated 
derivative of complement receptor type-1 (CR1), 
reduces infarct volume by more than 40% in a rat 
model [7]. Since then, animal models of AMI and 
clinical studies have shown that inhibition of com-
plement by anti-C5a antibody, C1-inhibitor and 
soluble complement receptor 1 (sCR1) results in 
reduced tissue destruction [8]. Furthermore, cir-
culating levels of activated complement proteins 
and activation fragments are elevated after AMI in 
both human and animal studies [9–11]. 

The molecular mechanism of complement ac-
tivation in ischemic tissue is not fully understood. 
Presumably, acute phase proteins such as CRP and 
sPLA2 play a role in the activation process induced 
in the ischemic heart. CRP and sPLA2 have been 
found to co-localize with activated complement 
proteins in human infarcted myocardial tissue 
[12]. Furthermore, adding human CRP has been 
shown to increase infarct size by 40% in a rat mod-
el [13]. Hence, it has been proposed that the activa-
tion of complement in ischemic tissue occurs via 
stimulation of the extracellular protein binding of 
molecules such as CRP, sPLA2 and natural IgM by 
altered membrane phospholipids, in a mechanism 
described in earlier studies [14]. one such phos-
pholipid is phosphorylcholine (PC), which is the 
phosphorylated headgroup of the phospholipid 
phosphatidylcholine present in the outer leaflets 
of most membranes [15]. PC is a ligand for CRP 
and it has been hypothesized that it becomes acces-
sible during ischemia.[16] In a previous study the 
authors reported the co-localization of CRP depo-
sitions with activated complement and IgM that 
in human ischemic myocardial tissue [15], sug-
gesting that in infarcted myocardium IgM shares 
PC epitope-specificity with CRP. Hence, it can be 
hypothesized that natural IgM antibodies against 
PC (anti-PC IgM) play a role in the clearance of 
damaged cells via ischemic membrane binding. 
This notion is supported by studies demonstrating 
binding of anti-PC IgM to apoptotic cells in vitro 
[17]. Furthermore, anti-PC IgM levels have been 
shown to decrease upon tissue injury during iso-
lated limb perfusion [18].

An exploratory study was conducted to evalu-
ate the hypothesis that circulating anti-PC IgM and 
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IgM bind to damaged cells and increase the infarct 
size and the post-infarct inflammatory response in 
patients with AMI. To test this hypothesis, plasma 
levels of IgM binding to apoptotic cells and levels 
of anti-PC IgM were compared in patients with 
AMI and in healthy controls. The levels were re-
lated to infarct size and inflammatory responses as 
reflected by circulating levels of mediators such as 
activated complement, sPLA2, interleukin-6 (IL6) 
and interleukin-8 (IL8).

Material and Methods 
Patients and Blood Samples

Plasma samples from a group of 50 patients 
with AMI collected from June 1994 to June 1996 
were used for the study. Due to the quality of the 
plasma and the exploratory nature of the study, the 
authors considered these samples appropriate for 
analysis. Blood samples from 50 patients with AMI 
had been collected on admission to the hospital  
(t = 0) and 48 hours after admission (t = 48). All 
the patients fulfilled the WHo criteria for AMI: 
clinical evidence of AMI (i.e., typical chest pain 
and ST-segment elevation of ≥ 2 mV in two con-
tiguous leads of a standard ECG), and a diagnostic 
rise in cardiac enzymes during the hospitalization 
period (serum lactate dehydrogenase (LDH), total 
creatine kinase (CK) or creatine kinase MB-frac-
tion [CK-MB]) [19]. Patients who underwent acute 
bypass surgery were excluded from the analysis, 
as surgery may induce an inflammatory response 
which blurs the post-infarction response. The pa-
tients had participated in an earlier study on the 
role of complement in AMI [20]. All the patients 
provided informed consent. Patients with (auto)
immune disorders, infectious disease, malignancy 
or pregnancy were excluded from the study. The 
study was approved by the Medical Ethical Com-
mittee of the VU Medical Center. The investiga-
tion conforms with the principles outlined in the 
Declaration of Helsinki.

Blood samples were collected in 10 mM EDTA,  
centrifuged at 1300 × g and stored as plasma in 
aliquots at –70ºC. For the present study, aliquots 
that had never been thawed were used. Plasma 
samples from a group of 46 healthy adult donors 
were collected and processed in an identical man-
ner. In addition, serial samples were obtained 
from five healthy donors weekly for a five-week 
period. 

Binding of IgM Binding to 
Apoptotic Cells (anti-apopIgM) 
The binding of IgM to apoptotic Jurkat cells 

was assessed using a flow cytometric assay as de-
scribed in a previous publication [14]. Anti-human 
IgM monoclonal antibody MH-15 (IgG1 subclass) 
(Sanquin, Business Unit Reagents, Amsterdam, 
The Netherlands) was biotinylated with LC-bio-
tin-n-hydroxysuccinimide ester (Pierce, Rockford, 
IL, USA) according to the manufacturer’s instruc-
tions. Briefly, apoptotic cells were incubated with 
the patients’ samples, after which the binding of 
IgM was determined using biotin-labelled anti-
IgM followed by streptavidin-allophycocyanin 
(Strep-APC) (BD Biosciences Pharmingen, San 
Diego, CA, USA). The results were analyzed by 
flow cytometry and expressed as mean fluores-
cence intensity (MFI). 

The late apoptotic population was identified by 
its characteristic side and forward scatter dot plot 
and capacity to bind Fluorescein isothiocyanate 
(FITC)-labeled annexin V (Annexin-V-FITC) and 
propidium iodide (PI) (both Bender Med System, 
Vienna, Austria). The binding of IgM to late apop-
totic cells is represented by the MFI of the gated 
population (anti-apop IgM). Cells not incubated 
with plasma served as a negative control for aspe-
cific staining. The variation in time was assessed 
by taking weekly measurements of the anti-apop 
IgM levels of five healthy donors. In order to re-
duce assay variation, all plasma samples were test-
ed within the same experiment. Data were stored 
in the Cellquest acquisition program and analyzed 
with the WinMDI 2.8 program.

Anti-phosphorylcholine  
IgM ELISA 
IgM antibodies directed against PC were 

measured by a specific ELISA as described previ-
ously [18]. In brief, p-aminophenylphosphoryl-
choline (PC, Sigma Chemicals Co., St Louis, Mo, 
USA) coupled to HSA (Sanquin, Business Unit 
Reagents, Amsterdam, The Netherlands) was used 
as a catching antigen (2.5 µg/ml). IgM bound to 
PC-HSA was quantified with peroxidase-labelled 
monoclonal anti-human IgM (MH-15) (Sanquin, 
Business Unit Reagents). The plasma samples 
were serially diluted with assay buffer. A pool of 
normal plasma, obtained from 40 healthy volun-
teers, served as a standard and was arbitrarily set at  
100 U per mL of anti-PC IgM antibodies. The re-
sults were related to this standard and expressed as 
U of anti-PC IgM per mL. 
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Biochemical and 
Inflammatory Parameters

IgM concentrations were assessed using 
a nephelometric assay. sPLA2, CRP, IL6, IL8 and 
activated complement fragments C4b/c and C3b/c 
were determined by ELISA as described previ-
ously [21–24]. As the complement assays do not 
discriminate between C4b, C4bi or C4c, and C3b, 
C3bi and C3c, the activation products detected 
are referred to as C4b/c and C3b/c, respectively. 
The results were expressed as μg/L (sPLA2), mg/L 
(CRP), ng/L (IL6 and IL8) and nmol/L (C3b/c and 
C4b/c). LD and CK concentrations were deter-
mined in the routine clinical chemistry laboratory 
of the VU Medical Center. 

Cumulative Release 
or Generation of Cardiac 
Enzymes and Inflammatory 
Parameters
The cumulative release or generation values 

(Q) of LDH, CK, CK-MB, complement factors, 
CRP, IL-6, IL-8 and sPLA2, between the onset of 
symptoms (t = 0) and time t, indicated as Q(t), 
were calculated as described by Willems et al. [25, 
26]. The cumulative release of cardiac enzymes at 
48 hours, Q(48), was used as an indication of in-
farct size, as described in other studies [25, 27, 28]. 
For this purpose, Q(48) was divided by the normal 
content of LDH, CK or CK-MB in human myocar-
dium (U per gram of wet weight) to yield infarct 
size in gram-equiva lents of myocardium per liter 
of plasma (greq.L-1). Cumulative values of comple-
ment factors, CRP, IL6, IL8 and sPLA2 were used 
to assess the post-infarct inflammatory response. 

Electrocardiography 
(Selvester Score)
A 57-criteria/32-point QRS scoring system 

(Selvester score) was used to asses myocardial 
infarct size in patients with a first AMI [29]. All 
ECGs were assessed by two independent investiga-
tors. Three patients were excluded from ECG scor-
ing because of left ventricular hypertrophy (one 
patient) and left anterior fascicular block (two pa-
tients), which invalidated a proper Selvester scor-
ing procedure. Selvester scores were assessed on 
admission (Sel adm) and at 3 months (Sel 3m). Sel adm 
predicts myocardial infarct size if no further treat-
ment would be initiated (i.e., classical infarction). 

Sel 3m indicates the final myocardial infarct size (ir-
respective of treatment). Myocardial salvage was 
defined as the difference between these two mea-
surements (Sel adm minus Sel 3m).

Statistical Analysis
The data were analyzed with Graph Pad Instat® 

(version 3.0, Graphpad Software, San Diego, CA, 
USA) and presented as mean ± SEM unless stated 
otherwise. Distributions were compared using the 
Kolmogorov-Smirnov test. In cases of normal dis-
tribution, the data were analyzed using Student’s 
t-test or one-way analysis of variance (ANoVA), 
followed by Bonferroni’s post hoc test when appro-
priate. In cases of non-normal distribution, Mann- 
-Whitney and Kruskal-Wallis non-parametric tests 
were performed with Dunn’s multiple compari-
sons to assess the differences between subgroups. 
In some analyses patients were grouped according 
to anti-apop IgM and anti-PC IgM levels in the 
upper or lower 50%, indicated as “patients with 
values above or below the median”. The statistical 
relationships between parameters were assessed 
using Pearson’s correlation coefficient. Statistical 
significance was set at p < 0.05. 

Calculation of Cumulative 
Release or Generation Values (Q) 

Cumulative release or generation values be-
tween the onset of symptoms (t = 0) and time t, in-
dicated as Q(t) were calculated from the equation: 

 
τττττ )dC(FCR.+)d.C(eTER.+C(t)=Q(t)

t

0

t)-ERR(
t

0
∫∫

where C(t) is the plasma level of the variable, 
TER the fractional transcapillary escape rate con-
stant, ERR the fractional extravascular return rate 
constant and FCR the fractional catabolic rate 
constant for the elimination of the variable from 
plasma. Values of C(t) were obtained by subtrac-
tion of the normal steady-state plasma activity, C, 
from the actual measured levels. Values used for 
FCR, TER and ERR for the different variables are 
listed in the table below.

Results
Patients
The median age of the AMI patients (8 females 

and 42 males), was 60 years (ranging from 34 to 76).  
Seventy% of patients were treated with throm-
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bolytic agents, 20% with percutaneous translumi-
nal coronary angioplasty (PTCA) and 10% did not 
receive reperfusion therapy. Twenty-four patients 
experienced their first AMI; the remaining 26 pa-
tients suffered from a recurrent event. None of the 
patients showed evidence of underlying illness and 
none died during the observation period.

IgM Binding to Apoptotic 
Cells (anti-apop IgM) 
The late apoptotic population was identified  

by flow cytometry according to the characteristic 
side and forward scatter dot plot (Fig. 1A) and an-
nexin-V and PI positivity (Fig. 1B). Fig. 1C depicts 
the binding of IgM from patient plasma samples to 
late apoptotic cells. The levels of anti-apop IgM var-
ied substantially between donors, as demonstrated 
in Fig. 1D, which shows the binding of IgM using 

plasma samples from two healthy individuals as 
compared to the negative control for aspecific stain-
ing. The intra-individual levels of anti-apop IgM in 
the five healthy donors were comparable through-
out the five-week period, with a variation coefficient 
(CV) of 11% ± 1.0 (Fig. 2). 

Circulating Levels of anti-
apop IgM and anti-PC IgM 
The MFI levels of anti-apop IgM at admis-

sion (t = 0) were lower in AMI patients when 
compared to the healthy controls: 230 ± 34,  
n = 50 (t = 0) vs. 264 ± 24, n = 46 (healthy con-
trols); p < 0.05. Moreover, levels of anti-apo IgM 
48 hours after the onset of complaints had further 
decreased when compared to those on admis-
sion: 169 ± 15 n = 50 (t = 48), vs. 230 ± 34, n = 50  
(t = 0); p < 0.001 (data not shown). However, after 
correction for hemodilution by calculation of the 
anti-apop IgM to total IgM ratio, these differences 
between patients and controls were lost: 93 ± 8  
(t = 0); 114 ±10 (t = 48); 86 ± 5 (healthy controls) 
(Fig. 3A).

Anti-PC IgM levels were similarly corrected 
for hemodilution by calculating the ratio of anti-
PC IgM to total IgM. The corrected ratios of the 
patients at t = 0 were comparable to those at t = 48  
(84 ±7, n = 45 vs. 87 ±10, n = 43). However, ra-
tios at t = 0 and t = 48 were significantly lower 
than those in the control group of healthy donors  
(141 ±17, n = 46) (p < 0.01 and p < 0.001, respec-
tively) (Fig. 3B). 

Relation of Anti-apop IgM 
or Anti-PC IgM to Infarct 
Size

Estimated infarct size using cumulative LDH, 
CK and CK-MB values (greq.L–1) up to 48 hours 
was compared in patients with anti-apop IgM and 
anti-PC IgM levels lower or higher than the median 
value at the onset of infarction (median corrected 
anti-apop IgM 196 MFI g –1 L–1, median corrected 
anti-PC IgM 74 U mg–1). Infarct size as derived 
from these cumulative values did not demonstrate 
a significant difference between groups (Table 1). 
Patients with high anti-apop IgM levels on ad-
mission did demonstrate higher CK-MB levels  
(p = 0.07), whereas anti-PC IgM levels did not 
show such an effect. 

In Table 2, infarct size as indicated by electro-
cardiographic Selvester scores were analyzed in the 
group of patients suffering from a first AMI (n = 24).  

Variable Reference 
value

FCR 
(h-1)

TER 
(h-1)

ERR 
(h-1)

Lactate 
Dehydro- 
genase (LDH)

< 250 U 
L-1

0.015 0.014 0.018

Creatine 
Kinase (CK)

< 20 U L-1 0.2 0.014 0.018

Complement 
factors C3a

< 6 nmol 
L-1

1.0 0.0 1.0

Complement 
factors C3b/c

< 50 nmol 
L-1

1.0 0.0 1.0

Complement 
factor C4b/c

< 25 
nmol.L-1

1.0 0.0 1.0

C-reactive 
protein (CRP)

< 3 mg.L-1 0.04 0.014 0.018

IL-6* < 4 
pmol.L-1

1.0 0.0 1.0

IL-8 < 4 
pmol.L-1

1.0 0.0 1.0

* Cumulati ve release calculated from plasma IL-6 
concentrati ons (ng.L–1) using data derived from studies in 
humans treated with rhIL-6 (I, II)

Stouthard JM, Goey H, de Vries EG, de Mulder PH, 
Groenewegen A, Pronk L, Stoter G, Sauerwein HP, Bakker 
PJ, Veenhof CH: Recombinant human interleukin 6 in 
metastatic renal cell cancer: a phase II trial. Br J Cancer 1996 
March, 73(6), 789–793.

(II) Zaanen van HC, Koopmans RP, Aarden LA, Rensink 
HJ, Stouthard JM, Warnaar So, Lokhorst HM, van oers 
MH: Endogenous interleukin 6 production in multiple 
myeloma patients treated with chimeric monoclonal anti-
IL6 antibodies indicates the existence of a positive feed-back 
loop. J Clin Invest 1996 September 15, 98(6), 1441–1448.
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Sel adm and Sel 3m were comparable in patients with 
high and low anti-apop IgM levels on admission, 
indicating that the electrocardiographic infarct 
size was comparable in both groups. Consequent-
ly, myocardial salvage also did not differ between 
patients presenting with high or low anti-apop 
IgM levels on admission. Patients with high levels 
of circulating anti-PC IgM on admission showed 
significantly higher Sel adm scores as compared to 
patients with low levels (33 ± 3, n = 12 vs. 24 ±3, 
n = 12 respectively; p = 0.04) signifying a larger 
electrocardiographical infarct size. However, Sel 
3m and myocardial salvage did not differ between 
these groups of patients. 

Relation of Anti-apop 
IgM or Anti-PC IgM and 
Post-Infarct Inflammatory 
Response 
The acute phase proteins CRP and sPLA2, the 

pro-inflammatory cytokines IL6 and IL8 and ac-
tivated complement fragments C4b/c and C3b/c 
were determined to assess the inflammatory re-
sponse in the patients. For this purpose, respec-
tive cumulative concentrations at t = 48 were 
compared between patient groups with anti-apop 
IgM and anti-PC IgM levels lower or higher than 
median, after correction for hemodilution, at the 
onset of infarction (t = 0) (Table 3).

Interleukin-6, IL8, CRP and activated comple-
ment concentrations at t = 48 were comparable in 

Fig. 1. Anti-apop IgM. IgM binding to apoptotic Jurkat cells as measured by flow cytometry. Results are expressed as 
Mean Fluorescence Intensity (MFI). The late apoptotic population (circled) was identified by the characteristic side 
and forward scatter (A), as well as annexinV and propidium iodide positivity (circled) (B). Bound IgM was detected 
using biotinylated anti-IgM mAb (monoclonal antibody) followed by streptavidin-APC (C). Fig. D depicts IgM bind-
ing to apoptotic cells using 2 plasma samples from different healthy individuals (open histograms). Incubation of cells 
without plasma served as a control (filled histogram)

Ryc. 1. Anti-APoP IgM. IgM wiążące dla komórek apoptotycznych Jurkat mierzonych za pomocą cytometrii 
przepływowej. Wyniki przedstawiono jako średnią intensywność fluorescencji (MFI). Późna apoptotyczna populacja 
(zakreślona kółkiem) została zidentyfikowana po charakterystycznym rozproszeniu w kierunku przednim i bocznym 
(A), jak również aneksyna V i jodek propidyny (zakreślone kółkiem) (B). Związane IgM wykryto za pomocą biotyny-
lowanego anty-IgM mAb, następnie streptawidyną-APC (C). Ryc. 1D przedstawia IgM wiążące dla komórek apop-
totycznych z użyciem 2 próbek osocza od różnych zdrowych osób (białe pole pod krzywą). Inkubacja komórek bez 
osocza służyła jako grupa kontrolna (ciemne pole pod krzywą)
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patients with anti-apop IgM and anti-PC IgM lev-
els below or above median values. The activated 
complement fragments, C4b/c and C3b/c levels at 
t = 48 were higher in the group of patients with 
high anti-apop IgM and high anti-PC IgM on ad-
mission as compared to patients with below-medi-
an values (not significant). 

Patients with high anti-PC IgM levels at t = 0  
demonstrated enhanced sPLA2 concentrations 
when compared to patients with low anti-PC IgM 
(1082 μg/L ± 202 versus 847 μg/L ± 302, respec-
tively; p = 0.06; Table 3). However, patient groups 
with low or high levels of anti-apop IgM showed 
comparable sPLA2 levels. 

Discussion
The role of natural IgM antibodies in cardio-

vascular disease and atherosclerosis has received 
considerable attention, although the function of 
these antibodies has not been fully elucidated [30]. 
Natural IgM antibodies are found in healthy indi-
viduals in the absence of exogenous antigenic stim-
ulation and exhibit a remarkably conserved reper-
toire, which (it has been suggested) may represent 
a primitive layer of the immune system. A number 
of studies have demonstrated the binding of plas-
ma IgM to apoptotic cells [14, 31], while studies in 
knock-out mice have convincingly shown natural 
IgM to be involved in ischemia-reperfusion inju-
ry by binding to ischemic tissue and subsequent 
complement activation [32, 33]. 

IgM antibodies have been demonstrated to 
recognize lysophosphatidylcholine (lyso–PC), 
a shortened form of PC, while being unable to 
bind to other phosphatidyl lipids [17, 34]. Dur-
ing ischemic conditions, physiological membrane 
integrity is disturbed by apoptosis and depletion 
of ATP as well as the generation of reactive oxy-
gen species. Phospholipids exchange between in-
ner and outer leaflets – the so-called flip-flop of 
the membrane [35]. Hence, membrane PC which 
remains inaccessible to extracellular protein bind-
ing under physiological conditions is exposed and 
hydrolyzed into lyso-PC by sPLA2. 

In this study, levels of anti-PC IgM were sig-
nificantly lower in the AMI patients (t = 0) as 
compared to the healthy controls (p < 0.001), sug-
gesting enhanced consumption of circulating anti-
PC IgM in the AMI patients due to deposition in 
infarcted myocardium tissue. When corrected for 
hemodilution, however, the levels of anti-apop 
IgM were comparable in the AMI patients and the 
healthy controls. Hence, the binding of IgM to the 
ischemic myocardium is not suggested by these re-
sults. In contrast, Krijnen et al. have indeed dem-
onstrated IgM depositions in ischemic infarcts, 
24 hours after the occlusion of a coronary artery 
[15]. Significant changes in plasma IgM and IgG 
levels after tissue injury have been demonstrated 
in burn patients and patients undergoing isolated 
limb perfusion [18, 36]. In contrast, circulating 
levels of anti-apop IgM and anti-PC IgM levels in 
the AMI patients in this study did not demonstrate 
significant changes 48 hours after admission. Al-
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Fig. 2. Variation of anti-apop IgM in time. Apoptotic Jurkat cells were incubated with plasma samples taken weekly 
from five healthy donors. IgM binding to the late apoptotic population (anti-apop IgM) was detected as described in 
material and methods and expressed as Mean Fluorescence Intensity (MFI)

Ryc. 2. Zmiany anty-APoP IgM w czasie. Komórki apoptotyczne Jurkat inkubowano w próbkach osocza pobieranych 
co tydzień od pięciu zdrowych dawców. Przeciwciała IgM wiążące się z późną apoptotyczną populacją (anty-APoP IgM) 
zostały wykryte w sposób opisany w rozdziale Materiał i metody i wyrażone jako średnia intensywność fluorescencji 
(MFI)
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Fig. 3. Anti-apop IgM (A) and anti-PC IgM (B) in patients with myocardial infarction. The levels of anti-apop IgM 
(A) and anti-PC IgM (B) were corrected for hemodilution by calculating ratios to total IgM. Ratios on admission  
(t = 0) and at 48 hours (t = 48) are depicted, as are those of the healthy controls. Data were analyzed using Mann- 
-Whitney and Kruskal-Wallis with Dunn’s multiple comparison test. Data are presented as the mean value ± SEM.  
* p < 0.001 and **p < 0.01

Ryc. 3. Anti-APoP IgM (A) i anty-PC IgM (B) u pacjentów z zawałem mięśnia sercowego. Stężenie anty-APoP IgM 
(A) i anty-PC IgM (B) zostało skorygowane ze względu na hemodylucję przez obliczenie proporcji do całkowitej IgM. 
Przedstawiono wskaźniki, przyjmując (t = 0) i po 48 godzinach (t = 48) oraz dla osób zdrowych. Dane analizowano 
z użyciem testu Manna-Whitneya i Kruskala-Wallisa z testem wielokrotnych porównań Dunna. Dane przedstawiono 
jako wartość średnią ± SEM.  
* p < 0,001 i ** p < 0,01
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though these data do not exclude the possibility of 
an AMI-induced immunoglobulin response, such 
a response did not appear to occur within the ob-
servation period. Furthermore, plasma IgM levels 
were not assessed in this study.

The comparison of cardiac markers, infarct 
size and the inflammatory response in patients with 
above-median (high) anti-apop IgM or anti-PC IgM 
levels on admission to those with below-median 
(low) levels aimed to compare the 50% of the study 
population with lower levels versus the 50% with 
higher levels in order to minimize the influence of 
small variations in antibody levels on the analysis. 
Both anti-PC IgM and anti-apop IgM were normally 
distributed, where anti-PC IgM levels varied up to 
100-fold among the subjects and levels of anti-apop 
IgM varied by approximately 10-fold. Furthermore, 
the similarity of circulating levels at t = 0 and t = 48 
indicated that levels were not distorted by ongoing 
responses, which facilitated such a comparison. 

Infarct size is determined by a multitude of 
factors, including the localization and duration 
of the occlusion, residual collateral circulation 
and treatment [37]. A direct association between 
the levels of anti-apop IgM or anti-PC IgM and 
the parameters of cardiac damage in this limited 
cohort was therefore not expected. Patients with 
high anti-apop IgM levels on admission did dem-
onstrate higher CK-MB levels (p = 0.07). Indeed, 

no significant differences in infarct size as derived 
from cardiac markers LDH, CK and CK-MB were 
demonstrated between the groups of above-me-
dian (high) and below-median (low) anti-apop 
IgM or anti-PC IgM levels on admission (Table 1).  
Patients with above-median anti-PC IgM levels 
demonstrated significantly higher Selvester scores 
on admission than those with below-median anti-
PC IgM levels (p = 0.04; Table 2). Patients with 
above-median values of anti-PC IgM or anti-
apop IgM showed higher sPLA2 concentrations  
(p = 0.06 and p = 0.12 respectively) than the 
group with below-median values (Table 3), with-
out reaching statistical significance. These find-
ings may suggest that IgM antibodies and anti-PC 
IgM in particular participate in the activation or 
amplification of inflammation after AMI via the 
activation of complement. However, the levels of 
IL6 and IL8 as well as the complement factors were 
comparable in patients with high and low levels 
of anti-PC IgM or anti-apop IgM on admission. 
Furthermore, myocardial salvage values did not 
reflect the higher Selvester scores in patients with 
above-median anti-PC IgM levels at admission. 
Hence, the possible role of anti-PC IgM in the in-
flammatory response to AMI is not translated into 
a difference in myocardial salvage at 3 months or 
in a marked difference in inflammatory markers 
other than sPLA2.

Table 1. Relation of anti-apop IgM or anti-PC IgM to cardiac markers. Patients with low (< median) or high (> median) 
levels of anti-apop IgM or anti-PC IgM on admission were compared regarding cumulative concentrations of creatine kinase 
(CK), the isoenzyme CK-MB and lactate dehydrogenase (LDH) up to 48 hours. Cardiac enzyme levels were expressed in 
gram-equiva lents of myocardium per liter of plasma (greq.L-1). The levels of anti-apop IgM and anti-PC IgM were corrected 
for hemodilution. The data were analyzed with the Student’s t-test as data were normally distributed. The data are presented 
as the mean value ± SEM; *p < 0.05 was considered significant

Tabela 1. Związek między anty-APoP IgM lub anty-PC IgM a markerami sercowymi. U pacjentów z małym (< mediany) 
lub dużym (> mediany) stężeniem anty-APoP IgM lub anty-PC IgM przy przyjęciu porównywano skumulowane stężenie 
kinazy kreatynowej (CK), izoenzymu CK-MB i dehydrogenazy mleczanowej (LDH) aż do 48 godzin. Zaburzenia aktywności 
enzymów zostały wyrażone w Gram-równoważnikach mięśnia sercowego na litr osocza (greq.L-1). Stężenie anty-APoP IgM 
i anty-PC IgM były korygowane pod względem hemodylucji. Dane analizowano testem t-Studenta jako dane mające rozkład 
normalny. Dane przedstawiono jako wartość średnią ± SEM, * p < 0,05 zostały uznane za znaczące

Marker
(greq.L-1)

Anti-apop IgM Anti-PC IgM

low high p-value low high p-value

LDH 519 ± 85  
(n = 21)

530 ± 87 
(n = 21)

P = 0.93 # 511 ± 70  
(n = 22)

575 ± 97  
(n = 22)

P = 0.59 #

CK 606 ± 121  
(n = 20)

542 ± 88 
(n = 20)

P = 0.67 # 563 ± 81  
(n = 21)

616 ± 120  
(n = 21)

P = 0.96 #

CK-MB 415 ± 72  
(n = 14)

670 ± 114  
(n = 14)

P = 0.07 # 562 ± 105  
(n = 14)

543 ± 97  
(n = 14)

P = 0.98 #

* Data are expressed as mean ± SEM / # Student’s t-test / p-value < 0.05 is considered significant. 

 LDH, Lactate Dehydrogenase; CK, Creatine Kinase; CK-MB, Creatine Kinase-MB.

 Dane przedstawiono jako średnią ± SEM / # test t-Studenta. Wartość p < 0,05 jest uznana za znaczącą. 
 LDH – dehydrogenaza mleczanowa; CK – kinaza kreatynowa, CK-MB – kinaza kreatynowa MB.
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In vitro experiments have indicated that not 
all IgM directed against apoptotic cells is specific 
for PC [14]. To ensure the assessment of IgM of 
all specificities, the authors determined binding to 
apoptotic cells using flow cytometry. The variabil-
ity of anti-apop IgM levels over time was limited in 
healthy individuals (Fig. 2), as were levels of anti-
PC IgM as demonstrated in an earlier study [18]. 
The results do not provide evidence for a role of 
anti-apop IgM with other specificities in myocar-
dial infarction. However, it should be noted that 
a causal relationship between plasma levels of this 
IgM and the inflammatory response or infarct size 
can only be identified when circulating levels are 
a limiting factor. 

The samples were collected between June 1994 
and June 1996 – a period when AMI was diagnosed 
according to the original WHo criteria. Currently, 
an elevated blood troponin value represents the 
“gold standard” for identifying AMI [38]. Troponin 
is a more sensitive and specific marker for myocar-
dial cell death than CK-MB analysis, identifying 
smaller infarcts [39]. Using the current troponin-
based definition in this study may have yielded dif-

ferent, more conclusive results. However, in the ab-
sence of troponin assays, the best alternative is the 
MB fraction of CK measured by mass assay [40].

This was an exploratory study which, to the 
authors’ knowledge, is the first to measure anti-PC 
IgM antibodies in patients with AMI. A reference of 
expected values in terms of patient-to-patient varia-
tion was unavailable, so a power calculation could 
not be performed. In hindsight, the study has insuf-
ficient power to provide conclusive evidence. 

In conclusion, the AMI patients in this study 
with above-median levels of anti-PC IgM demon-
strated significantly larger electrocardiographic 
infarct size on admission. Furthermore, these pa-
tients demonstrated higher levels of the inflamma-
tory mediator sPLA2. These data therefore suggest 
that this specific IgM may participate in amplifying 
inflammation after AMI via activation of comple-
ment, ultimately increasing infarct size. However, 
the levels of anti-PC IgM of the patients with AMI 
in this study do not demonstrate a significant ef-
fect on the cardiac markers LDH, CK and CK-MB. 
Hence, conclusive evidence is not provided by this 
limited cohort.

Table 2. Relation of anti-apop IgM or anti-PC IgM to infarct size using electrocardiographic scores in patients suffering 
from a first infarct. Patients with low (< median) or high (> median) levels of anti-apop IgM or anti-PC IgM on admission 
were compared regarding electrocardiographic scores (Selvester QRS score) at different time points. All these patients suf-
fered a first infarct. The levels of anti-apop IgM and anti-PC IgM were corrected for hemodilution. The data were analyzed 
with Student’s t-test or Mann-Whitney in case of normal or non-normal distribution respectively. The data are presented as 
the mean value ± SEM; *p < 0.05 was considered significant

Tabela 2. Związek między anty-APoP IgM lub anty-PC IgM a rozmiarem zawału z użyciem punktacji u chorych po pierws-
zym zawale. Pacjentów z małym (< mediany) lub dużym (>mediany) stężeniem anty-APoP IgM lub anty-PC IgM przy 
przyjęciu porównywano pod względem punktacji elektrokardiograficznej (skala Selvester QRS score) w różnych punktach 
czasowych. Wszyscy pacjenci przebyli pierwszy zawał. Stężenie anty-APoP IgM i anty-PC IgM było korygowane pod 
względem hemodylucji. Dane analizowano odpowiednio za pomocą testu t-Studenta lub testu Manna-Whitneya w przypad-
ku rozkładu normalnego lub innego niż normalny. Dane przedstawiono jako wartość średnią ± SEM, * p < 0,05 została 
uznana za znaczącą

Parameter anti-apop IgM anti-PC IgM

low high p-value low high p-value

Infarct size
on admission 
(Seladm)

30 ± 4  
(n = 11)

26 ± 3  
(n = 11)

P = 0.39 ‡ 24 ± 3  
(n = 12)

33 ± 3  
(n = 12)

P = 0.04 #

Infarct size 
at 3 months 
(Sel3m)

17 ± 6  
(n = 8)

11 ± 3  
(n = 8)

P = 0.72 ‡ 12 ± 3  
(n = 8)

13 ± 5  
(n = 8)

P = 0.85 #

Myocardial salvage 
(Seladm minus Sel3m)

11 ± 6  
(n = 8)

16 ± 5  
(n = 8)

P = 0.54 # 11 ± 4  
(n = 8)

20 ± 5  
(n = 8)

P = 0.18 #

Abbreviations: aPC IgM, anti-phosphorylcholine IgM; WMSI, Wall Motion Score Index. 
Data are expressed as mean ±SEM / ‡ Mann-Whitney test / # Student’s t-test / p-value < 0.05 is considered significant

Skróty: APC IgM – anty-fosforylocholinie IgM; WMSI – wskaźnik kurczliwości. 
Dane wyrażono jako średnia ± SEM / ‡ test Manna-Whitneya / # test t-Studenta / Wartość p < 0,05 jest uznana za znaczącą.
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