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Abstract

Background: Morphological diagnosis of advanced myocardial infarction is not difficult; however its early phases
usually remain indistinguishable in a macroscopic examination, and are often invisible under the microscope or hard
to interpret unequivocally. The aim of this paper is to determine the usefulness of immunohistochemical staining to
detect C1q, C9 and C5b-9, in the morphological diagnosis of an early myocardial infarction.

Data and methodology: The experimental group consisted of tissue samples with suspected myocardial
infarction unconfirmed in a routine morphological diagnosis (n=22). The control group consisted of myocardium
samples without salient pathologies (n=10). Immunohistochemical reactions were conducted using a detection
system based on enzymatic peroxidase reaction. The IHC reaction assessment was conducted based on half-
quantitative Immunoreactive Score scale.

Results: Morphological analysis of preparations based on haematoxylin and eosin staining in the experimental
group did not show important changes that would denote myocardial infarction. The immunohistochemical reaction
for C1q and C9 was intense, whereas in case of C5b-9 it was weak in all examined myocardium samples of the
experimental group. In the control group no positive immunohistochemical reaction was observed.

Conclusion: The results can indicate that immunohistochemical reactions to detect C1q and C9 can be a
morphological indicator of early myocardial infarction. Reactions to detect C5b-9 are not specific to early myocardial
infarction.
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Introduction
Myocardial infarction (MI) is a serious clinical and social problem

due to its high mortality rate. The clinical recognition of advanced
myocardial infarction is based on detection of increase or decrease of
cardiac biomarkers concentration (mainly troponins), in two
measurements (at patient’s admission to the unit and after at least 6
hours), accompanied by at least one of the following features: clinical
symptoms of ischemia, newly arisen pathological Q waves in the ECG
or the demonstration of new impaired myocardial contractility or loss
of viable myocardium in scan imaging [1,2]. The macro and
microscopic diagnosis of advanced myocardial infarction is not
difficult; however, its early phases are usually undistinguishable in the
macroscopic examination, and are often invisible under the
microscope or hard to interpret unequivocally. Routine staining with
haematoxylin and eosin shows advanced changes, but it is insufficient
in the assessment of the early changes.

Proof for complement system activation in myocardial ischemia on
an animal model was provided by the work by Hill and Ward in 1970s
[3,4]. Ever since, constant research has been conducted to clarify the
intricacies and allow for understanding of this process. It was proven

that reperfusion was a key factor in inflammatory system activation in
myocardial infarction, whose role is the removal of cellular debris and
fragments of necrotic tissue in the damaged area [5]. The positive
correlation between complement activation and the scope of
inflammatory response has been found [6]. On the other hand, factor
inhibiting complement activation decrease the inflammation in the
ischaemic region of the heart – these factors, such as endogenous C1
inhibitor are locally expressed in the myocardium following ischaemic
episode [7].

Complement system is a group of a dozen or so proteins present in
the plasma, as well as in other body fluids together with many
functionally linked receptors and regulating proteins. The complement
activation is a series of enzymatic and non-enzymatic cascade
reactions. In case of complement activation, two important enzymes
are created: a convertase of C3 and C5, which very strongly increases
its effect duration. However, regardless of the activation method, the
final stages of all these reactions are identical and lead to the formation
of membrane attacking complex – MAC, which consists of C5b, C6,
C7, C8 and polymeric C9 [8-10].

The key element in choosing the right diagnostic method is for it to
be specific for the ischaemic injury of myocardial cells and useful in
the assessment of posthumous material. Another problem is the
inevitably progressing autolysis process of tissue material or the
presence of posthumous bacterial flora, which considerably limits the
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possibilities of using some of the methods. A hypothesis posed by
Laufer et al. deserves special attention because it refers to local
(cardiac) synthesis of complement factors (from C1 to C9) [11]. The
main source of plasma proteins is the liver. The confirmation of the
above-mentioned hypothesis is an important element, and its meaning
increases especially when stating that this phenomenon is specific for
ischemia. This argument becomes even more important in the research
of posthumous material at different autolysis level, whereas the
methods using specific antibodies base on detecting contractile cell
proteins, which can give a falsely positive result.

An important matter in the use of immunohistochemical methods
in the early myocardial infarction diagnosis is stating at what time
from initiation of infarction it comes to complement activation, how
quickly the activation products are detected and whether they are
specific only in the case of ischemic myocardial injury. Studies on
animal models suggest, that some components of the complement
cascade might be useful as a marker of early MI, which is highly
specific - for instance the deposition of C4d in the heart muscle of rat
has been observed in MI independent from cardiac arrest itself [12].

Considering the data above, the aim of this work is to determine the
usefulness of immunohistochemical staining to detect constituent
proteins (C1q, C9) and membrane attacking complex complement
system (C5b-9) in the morphological diagnosis of early myocardial
infarction.

Data and Methodology

Tissue data
Research data consisted of tissue samples preserved in 4% formalin

solution and embedded in paraffin, according to a routine procedure.
Paraffin blocks came from the archive of Department of Pathology of
Medical University of Warsaw, from years 2012-2013. The assessment
of chosen proteins of the complement system was conducted on tissue
samples of 22 people, who have undergone autopsy (within 2 days after
death). A criterion that qualified the data to the experimental group
was a suspicion of myocardial infarction, based on clinical data (ECG
and troponin level examination), unconfirmed in a routine
pathological diagnosis. Moreover, in histopathological examination
neither tumours nor past myocardial infarction were observed. The
control group consisted of muscle tissue without significant
pathologies, collected from 10 people.

Conventional immunohistochemistry and light microscopy
Immunohistochemical reactions were conducted in paraffin

samples, thickness 4 µm, using peroxidase activity in enzymatic
reaction. The preparations, after deparaffinization and rehydration,
underwent a process of epitope retrieval. In order to detect the
examined proteins primary antibodies were used, such as Polyclonal
Rabbit Anti-Human C1q Complement (A0136, Dako, Denmark);
Human Complement Component C9 (NCL-CCC9, Novocastra, UK),
Polyclonal Rabbit Anti-Human C5b-9 (ab55811, Abcam, UK). Samples
were then transferred to 3% hydrogen peroxide solution in order to
block the activity of endogenous peroxidase. 5% serum donkey
solution was used to block non-specific antibody binding sites. Next,
the samples were incubated in a primary antibody solution for 24
hours in 4ºC. In order to detect primary antibodies, secondary
antibodies were used, directly conjugated with peroxidase particles
(Vector). The reaction was presented using 3, 3’-diaminobenzidine

(Dako) as chromogen. Cell nuclei were exposed in contrast staining
with hematoxylin.

Result analysis
The assessment of immunohistochemical reaction was conducted

on the basis of the IRS scale. The number of cells with positive reaction
(PP) was assessed, as well as reaction intensity (SI) in 5 fields of vision
of light microscope magnified at 20x. Product PP and SI constituted
the final value of the reaction assessment. Final result was established
based on medium values from 5 fields of vision and presented as
contractual units. The obtained results, ranging from 0 to 12, were
divided into 3 categories: 0-2 - low reaction; 3-5 - medium reaction;
6-12 - intense reaction.

Results
Table 1 summarizes the most important clinical and morphological

features of the study group and control group.

Study group n=25 Control group n=10

Sex (F/M) 7 (28%)/18 (72%) 5 (50%)/5 (50%)

Age (years) 65.02 ± 14.65* 54.80 ± 16.96*

Inforact location:

LV 4 (16%) NA

LV + IVS 5 (20%) NA

LV + IVS + A 16 (64%) NA

cTnT 1,3±0,9 ng/ml** Coronary atherosclerosis:

Low 2 (8%) 6 (60%)

Average 9 (36%) 3 (30%)

High 14 (56%) 0 (0%)

Coronary artery disease:

One Lessel 11 (44%) 3 (30%)

Two Lessel 14 (56%) 0 (0%)

Hypertension 20 (80%) 2 (20%)

Diabetes mellitus:

type I 2 (8%) 0 (0%)

type II 6 (24%) 0 (0%)

Obesity 8 (32%) 0 (0%)

Table 1: Initial patient characteristics.

The result of hematoxylin and eosin staining of advanced
myocardial infarction indicated necrosis on various stages of
development. In the performed myocardial infarction muscle fibres are
bright and eosinophilic due to the denaturing necrosis, and between
fibres we can observe a visible neutrophilic infiltration. Necrotically
altered muscle cells lack nuclei and transverse striations (Figure 1).
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Figure 1: Morphological assessment of heart muscle with advanced
infarction based on routine hematoxylin and eosin staining. Bright
muscle fibres are visible with a visible infiltration of neutrophils
between them, and what is more, presence of contraction striations
in the fibres as an intensely coloured transverse strip. Magnified at
(AB) 100X; (CD) 200X.

The morphological analysis of the preparations in the experimental
group through the use of hematoxylin and eosin staining did not show
significant alterations indicating myocardial infarction (Figure 2).

Figure 2: Comparison between routine and immunohistochemical
staining for constituent proteins of the complement system (C1q and
C9) and membrane-attacking complex (C5b-9). Reveales lack of
significant morphological differences in routine staining. In the case of
immunohistochemical staining - intensive colour reaction in coronary
vessels and in cardiac cells for C1q and C9 and low intensity reaction
for C5b-9; magnified at 200X.

Immunohistochemical staining was performed in the same samples
to detect constituent proteins of the complement system (C1q, C9) and
membrane-attacking complex (C5b-9).

Immunoreactivity of constituent proteins C1q and C9 of the
complement system was presented in all analysed heart muscle samples
of the experimental group. These proteins were located primarily on
the entire surface of coronary vessels endothelium, and the staining
was omnipresent. In the area of muscle cells their location was

cytoplasmatic. Most of the analysed samples stained in a uniform way,
and the reaction was intense, and medium immunohistochemical
reaction in singular heart muscle cells were observed only in a few
cases.

Immunohistochemical staining to detect membrane-attacking
complex (C5b-9) has indicated its location in coronary vessels as well
as in muscle cells. The immunohistochemical reaction had a
homogeneous character, and most of the analysed samples coloured
evenly. The coloured reaction had low intensity - only a small
percentage of analyzed preparations presented medium reaction
intensity (Figure 2).

In the analysed microscopic preparations of the control group there
was no sign of significant morphological changes in routine staining
and no positive immunohistochemical reading of initial constituents of
the complement system (C1q, C9) and the membrane-attacking
complex (C5b-9) (Figure 3).

Figure 3: The result of routine staining and immunohistochemical
reactions to detect early constituents of the complement system
(C1q, C9) and membrane-attacking complex (C5b-9) in the control
group. No significant morphological changes and positive
immunohistochemical reading. Magnified at 200X.

Averaged results of half-quantitative immunoreactivity assessment
of the analyzed proteins are presented (Table 2).

C1q C9 C5b-9

Experimental group 8,91 ± 2,01 9,46 ± 1,91 2,38 ± 0,72

Control group 0 0 0

Table 2: Results of half-quantitative immunoreactivity assessment of
early constituents of the complement system membrane-attacking
complex in the experimental and control groups (medium values +/-
SD).

Discussion
In the available bibliographical data only a few reports treat of the

possibility of using immunohistochemical methods in early myocardial
infarction diagnosis [13-15]. This research indicated increased
immunoreactivity of early constituents of the complement system such
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as C1q and C9 and low immunoreactivity of the membrane-attacking
complex (C5b-9) in the early myocardial infarction. It should be
mentioned that posthumous material with varying degree of autolysis
was used for the analysis. The above results are compatible with the
research by Hohmeister et al. [16] on an animal model and Thomsen et
al. [17] on human cells. Both teams researched the use of membrane-
attacking complex (C5b-9) in histopathological diagnosis. Hohmeister
et al. [16] marked the presence of C5b-9 with immunohistochemical
methods on a rabbit model of myocardial infarction. The research had
two stages: the immunohistochemical reaction was performed after 3
hours and 10 days after the infarction. In contrast, Thomsen et al. [17]
immunohistochemically marked the presence of C5b-9 in the tissue
material deriving from 12 people with advanced autolysis signs.
Neither of the teams confirmed the specificity of the
immunohistochemical reaction using the membrane-attacking
complex (C5b-9) in posthumous material with autolysis features.

The pathomorphological diagnosis of myocardial infarction is a
posthumous diagnosis and demands from a given method to fulfil
specific conditions. The material is always characterized with a lower
or higher level of autolysis. It is important to state whether the
alterations are vital or posthumous. An important aspect, which
determines the usefulness of a given method in pathomorphological
diagnosis, is the possibility to distinguish between the artifacts likely to
arise at the moment of undertaking and conducting basic and
advanced life support for a longer period of time. The above issues
were dealt with by several research teams - among others, under the
supervision of Edston [18] and Ortmann [19]. Observations of both
teams suggest ambiguous conclusions. On the basis of the analysed
tissue material deriving from 75 forensic medical autopsies, Edston et
al. said that immunohistochemical marking of complement
component C9 is invaluable in the analysis of the autolysed material,
even at significant change development. What is more, the
immunohistochemical reaction, as one of the verifying methods, is
taken into consideration in distinguishing between posthumous and
vital alterations. Analogical observations were also made by Fechner et
al. [20], as well as Edston et al. [21]. Different conclusions were formed
by research teams lead by Ortmann. The researchers sceptically
referred to the above method, in the research matter of the autolyzed
material in significant degree, and stated that the obtained results can
be falsely positive. In the tissue material analysis deriving from 54
autopsies with varying degrees of autolysis, in 35% of the cases the
researchers obtained a falsely positive result. When it comes to the use
of the discussed method to distinguish between posthumous and vital
changes in the tissue material of negligible autolysis the authors
confirmed in their work the results of Edston et al. [19]. In another
research, Ortmann et al. verified the usefulness of the
immunohistochemical method using a specific antibody against
complement component C9 and the complex C5b-9 in the heart
muscle deriving from 16 autopsies with minimal autolysis features and
obtained from 6 exhumed organs after burial, ranging from 10 to 60
days. Problem raised by the authors related to the interpretation of the
staining results. The results obtained in immunohistochemical staining
allow for some inference, with high probability, ambiguous or
impossible diagnosis of early myocardial infarction [22]. It remains
fundamental to notice here that posthumous diagnosis of sudden
cardiac death is basically confronting the microscopic analysis results
(including immunohistochemical analysis) with all the information of
the analyzed case, including both the macroscopic analysis and the
interview regarding lesions and symptoms prior to death. Nevertheless,
considering the results of this study, it is stated truly that

immunohistochemical and immunofluorescent verification of the
assessed component proteins of the complement system in
confrontation with clinical data is a key argument in posthumous
diagnosis of early myocardial infarction. While it has been suggested
earlier, that C9 might be a useful factor in the diagnosis of the early MI
in autopsy samples [23], in our study the novel factor, C1q has been
found, which might be suitable for the analysis. Taking into account all
the difficulties associated with such studies, it might be suggested that
more than one staining should be considered to confirm or deny the
diagnosis of MI with desired level of specificity and sensitivity. Thence
the need to identify as many complement components as possible as
far their usefulness for such assessment is concerned.

We should furthermore keep in mind that our study was conceived
as an important contribution for pathological praxis – thence the
choice of methods for analysis of immunohistochemical staining. The
use of scores is definitely closer to routine assessment by pathologists
than optometric analyses. Although most modern pathology
departments have relevant software and imaging cameras at their
disposal, their implementation require much time and effort. The
assessment of routine histochemical staining, such as in the case of
HER in breast cancer is based on scores (negative, 1+, 2+, 3+) given
subjectively by the pathologist [24].

In reference to the global definition of myocardial infarction [1,2],
already cited in the introduction, a particular fact draws attention – the
recent publication of several papers concerning an increased level of
troponins in patients with kidney insufficiency, pulmonary embolism
or after chemotherapy [25-35]. It is worth noticing that Jacobs et al.,
who within a period of six months thrice marked the troponin T level
using a high sensitivity test (hs-TnT) and a standard test (cTnT) with
over 200 patients suffering from end stage kidney insufficiency without
symptoms of heart diseases. All three samples revealed increased
troponin T intensity in all examined patients, both in the standard and
high sensitivity tests [36,37]. In turn, another research by Wu et al. on a
group of 75 patients revealed that after the introduction high
sensitivity tests for troponine marking I (hs-TnI) to routine diagnosis,
this marker was often increased in patients with end stage kidney
insufficiency without heart disease symptoms (over 60% of researched
population) [38]. On the other hand, Freola et al. [33] in a prospective
examination of 52 patients with breast cancer and without heart
disease symptoms, subject to chemotherapy, observed statistically
significant increase in troponin I level just after a month of treatment
(p<0,01). In one year and two years after the ending of the treatment
neither did they notice further increase of troponin I level nor lesions
in the circulatory system.

Conclusion
Posthumous morphological diagnosis of advanced myocardial

infarction is not difficult. The problem concerns early myocardial
infarction – the initial phases are indistinguishable macroscopically
and invisible under a microscope or difficult to interpret unequivocally.
Moreover, the tissue material is characterised with a smaller or greater
autolysis level. In the light of the above reports, an increased troponin
level demand for the obtained results to be considered carefully, which
significantly impedes clinical and morphological diagnosis of early
myocardial infarction, especially in the population of patients who
suffer from end stage kidney insufficiency or are oncologically treated.
Currently, the most reasonable method of a proper diagnosis of early
myocardial infarction is to extend range tests with
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immunohistochemical reading. In questionable cases it would be
appropriate to use several antibodies against different antigens.
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