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The variability of C9 expression in ischemic-necrotic lesions of human 
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 Abstract: Sudden cardiac death (SCD) remains one of the major causes of unexpected death. Acute myocardial infarction 
(MI) before the first 12 hours is always difficult for forensic pathologists. The morphologic changes associated with MI are not often 
able to estimate accurately when the actual infarct occurred. Our study utilizes the importance of the C9 immunohistochemical 
biomarker in an attempt to identify this early phase of MI. Different cases with various acute ischemic myocardial lesions, early 
myocardial infarction and old scarring infarction were investigated in order to establish the certain diagnose of myocardial 
infarction. The study cases were divided in three groups. Group I with chronic cardiac changes or pathologies, group II with 
myocardial necrosis and group III for control, with two cases with violent death. For the first group, the immunohistochemical 
(IHC) reaction was negative in the myocardial fibers as well as rest of the sample, also proving a positive immunohistochemical 
marking in the vascular region, which validated our results. In the second group, the C9 staining was stronger in the cases with 
necrotic myocardial fibers, from early stages of the myocardial infarction (24-48 hours and also for 48-72 hours), to lesions 7-10 
days old. In the control group (group III) the staining in myocytes was negative. The immunohistochemical expression of C9 has 
an important diagnosis role for recent myocardial infarction and it could become a standard in forensic laboratory analysis. This 
method is very useful in forensic practice and can easily determine the diagnostic for recent myocardial infarction.
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INTRODUCTION

 Sudden cardiac death (SCD) remains one of 
the major causes of unexpected death. Coronary artery 
disease, cardiomyopathies, myocarditis, valvular diseases 
and arrhythmic abnormalities are the most frequent causes 
of adult sudden death [1]. Ischemic heart disease due to 
atherosclerosis of coronary arteries and intra-myocardial 
branches can lead to an acute myocardial event for the first 
time in an apparently healthy subject (the first episode), 

or can develop in a patient with previous manifestations  
of disease (for chronic cases) [2]. Collateral circulation 
is an important element that can determine if the acute 
obstruction or vascular spasm is conducive to SCD. Acute 
myocardial infarction is a common cause of SCD among 
the elderly. Clinical studies [3, 4]  have also shown that 
myocardial infarction (MI) is also present in young adults 
without history of angina pectoris or congestive heart 
failure [4].  Although the symptoms are missing, chronic 
histological findings are present.
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 Experimental studies have shown the existence 
of the recent tissue changes mediated by the immune 
mechanisms and consequent inflammatory reaction 
associated with myocardial infarction [5, 6]. This early 
inflammatory phase plays a critical role in cardiac 
response to ischemic injury or myocardial infarction 
[7]. The early cardiac alterations can be determined 
using various immunohistochemical techniques. 
Immunohistochemical staining with specific antibodies 
could be used to objectify uncertain diagnosis of 
myocardial infarction on classical microscopy. Some 
studies identified reliable markers in dating MI and 
in establishing the diagnosis, such as troponin T, 
interleukins,  chemotactic protein or complement system 
elements [8, 9]. 
 Our study utilizes the importance of the C9 
immunohistochemical biomarker in an attempt to 
identify this early phase of MI. We also want to establish 
the sensitivity and the specificity of C9 on cases with 
AMI histological findings.

MATERIAL AND METHODS

 Case selection for the human tissue specimens
 Histologically, certain samples of the myocardium 
were obtained from 15 cadavers after autopsy: 13 males 
(average age: 42.4 with SD 10.002) and 2 females (average 
age: 42 with SD 7), individuals who had various disorders 
or diseases (myocarditis, dilative cardiomyopathies, 
myocardial infarction). The tissue specimens were taken 
at different intervals post-mortem, not more than 48 
hours.
 The cases were divided in three groups. Group 
I with chronic cardiac changes or pathologies, group II 
with myocardial necrosis and group III for control, with 
two cases with violent death, one with traumatic death 
and one with drug intoxication.
 The tissue specimens for microscopy analysis 
were collected according to guidelines recommended by 
the national ethical committee, using a protocol that was 
approved by the local bioethics committee, in accordance 
to generally accepted international practice. 

 Tissue sampling and stains
 The fragments were harvested from different 
areas of heart: left ventricles and sometimes from the 
parts with apparently gross alterations. Tissue samples 
have been divided into appropriate-sized slices for 
conventional microscopy and immunohistochemistry. 
 The selected tissue samples were fixed in 10% 
neutral buffered formalin (pH - 7) for 24–48 hours 
and paraffin embedded. Sections were cut at 5 μm and 
stained with standard HE and van Gieson. In addition, 
special stains such as Mallory’s phosphotungstic acid-
haematoxylin (PTAH) and Lie were carried out. 

 Immunohistochemistry
 Immunohistochemical analysis (IHC) was done 
using sections displayed on slides treated first with poly-
L-lysine. IHC was performed on 3 μm thick sections 
from formalin-fixed paraffin-embedded specimens. 
 The method used was an indirect tristadial 
Avidin-Biotin-Complex technique, with a NovoLink 
Polymer detection system which utilizes a novel control 
polymerization technology to prepare polymeric 
HRP-linker antibody conjugates, according to the 
manufacturer’s specifications (Novocastra, UK). 
 Briefly, the procedure comprised: deparaffination 
in toluene and rehydration in alcohol series, washing 
in phosphate buffer saline (PBS), blocking with normal 
serum, for 5 min., incubation with primary antibody 60 
min., incubation with post-primary block 30 min., then 
with NovoLink Polymer 30 min. Sections are further 
incubated with the substrate / chromogen 3,3'-DAB and 
counterstained with Meyers’ hematoxylin. 
 The antibody used for IHC was a C9 fraction` of 
the complement (clone: 10A6, 1:100, Novocastra). The 
antigen retrieval technique (enzymatic pretreatment 
with citrate at pH – 6) was done according to the 
producer’s specifications.
 The negative control was realized by using 
a primary irrelevant antibody or by replacing the 
secondary antibody with phosphate buffered-saline 
(PBS). The positive control was made by comparing 
with the expression of the antibody investigated in 
specific cells or tissue structures (positive intern control 
on slides). 
 To ensure the reliability of the experimental 
study, internal quality control of special stains and IHC 
techniques were performed as a part of an implemented 
and certified quality assurance system (ISO 9001/2008).
 All slides were examined and photographed 
on a Zeiss Axio Imager® microscope (Gottingen, 
Germany). Digital images acquired with Zeiss Axio 
Vision® program have been processed and analyzed 
with ACDSee Pro Photo Manager® (Washington DC), 
running under Windows Vista®.
 The distribution of markers-positivity has been 
assessed using the modified Quick score method [5], 
which takes into account the intensity and distribution 
of the IHC reaction: negative (no staining)= 0; weak 
(only visible at high magnification)= 1; moderate 
(readily visible at low magnification)= 2; strong 
(strikingly positive at low magnification)= 3.

RESULTS

 Different cases with various acute ischemic 
myocardial lesions were assessed, ranging from early 
myocardial infarction to old scarring infarction. Lie 
staining revealed focal positive myocardial fibers 
with acute coagulation necrosis. PTAH staining 
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showed scattered cardiomyocytes with contraction 
band necrosis in certain areas with acute myocardial 
infarction. The IHC positivity of C9 was variable, with 
a cytoplasmic and granular reaction. In acute ischemic 
hypoxia, the cardiomyocytes assume a wavy pattern, 
staining intensely positive to C9. The IHC reaction was 
observed in and around the ischemic necrotic areas, 
in different stages of the evolution of the infarction. 
The immunoexpression was noticed in peri-lesional 
residual cardiomyocytes, as well as in the necrobiotic 
fibers within the infarcted area. Immunoreactions of 
C9 in interstitial blood vessels were used as positive 
internal control. The IHC reaction was negative in the 
myocardial fibers and other tissue structures from the 
group I. We also saw a positive immunohistochemical 
marking in the vascular region, which validated our 
results.  The C9 staining was stronger in the cases with 
necrotic myocardial fibers, from early stages of the 
myocardial infarction, than in the 7-10 day lesions, 
from the group II (Table 1).

DISCUSSION

 The area affected by hypoxia creates a local 
acidosis (via the anaerobic metabolism of glucose) 
along with other triggers that generate an immediate 
immune response. The complement system is activated 
on the path forming the alternative complex attack in 
2-4 hours after ischemia [10]. The C5b-9 complement 
fraction is formed in ischemic cells by the activation 
of the complement system and represents the 
membrane attack complex. It can be detected in the 
region with affected myocytes and it causes a positive 
immunohistochemical reaction in recent infarction 
(this can be observed even where there is no certain 
evidence of the presence of necrosis) [11]. 
 C9 (C9 complement fraction) has increased 
specificity in areas with irreversible myocyte destruction 
in the infarcted zone, even before the invasion of 
inflammatory cells in the affected area [12]. Early studies 
on animals have shown the activation of the immune 
response by the legation of the left anterior coronary 
in mice and causing an AMI. Complement activation 
during the primary phase of AMI will lead to the 
production of chemotactic and vasoactive components 
of complement on the direct pathway, determining 
the deposition of C2 and C3 fragments in the 2-hour 
interval, and on the late pathway, determining the 
deposition of C8 and C9 approximately 4 hours after 
ischemia [10].
 In research on human cadavers, like our study, 
the deposition of the terminal complex C5b-9 was 
determined at the level of myocytes cellular membrane 
affected by ischemia or necrosis. A strong staining 
with C5 and C9 antibodies was also observed along 
with a weaker staining with other antibodies from the 

complement system [13]. Other authors have shown 
that through the cascade activation of the complement, 
there can appear myocardial tissue damage even before 
the neutrophils recruitment in myocardium [14].
 Our research focused on young and middle 
age adults, subjects in which acute cardiac pathologies 
is not common, and a correct and certain diagnose 
it is essential. We wanted to show the importance of 
using the C9 immunohistochemical staining in current 
forensic practice. This method is very stable and easy to 
use in forensic histological laboratories. 
 Jasra SK et al. have shown that the utility of 
immuno-marking with C9 is possible in myocardial 
infarction or ischemic areas with severe cellular damage 
with less than 6 hours [9]. In our study the necrotic area 
with less than 24 hours marked intensely positive. Most 
studies that used this marker for diagnosing recent 
myocardial infarction showed positive staining at a 
short interval after necrosis. The deposition of C9 was 
observed even from 1 hour in some cases and it was 
observed with certainty in later cases.
 In our study, the negative staining in the 
myocytes excludes the existence of a recent myocardial 
infraction and the presence of the vascular staining 
confirms the internal positive control. Even considering 
that our study was a prospective one, with a limited 
number of cases, we were able to establish the infarction 
diagnosis with certainty and we were able to exclude the 
cases where it was only suspected.
 The sensitivity of the C9 markers was present 
for all the studied cases. In cases with older MI (14-
21 days old), the staining was much weaker and even 
completely absent. This was observed in other studies as 
well. Piercecchi-Marti et al. show that staining intensity 
decreased and disappeared after 15 days [11]. The same 
study evaluated a positive C9 since the first hour post-
stroke and that the C9 expression was observed in the 
infraction zone up to 10 days of the cardiac injury. The 
specificity of the C9 expression was assessed to be up to 
95% and sensitivity up to 85% [11]. 
 The C9 immunostaining was specific to recent 
myocardial necrosis in all our cases. In one case 
we observed the existence of an unspecific chronic 
myocarditis in which the C9 staining was isolated 
positive, but it was associated with the presence of 
necrotic myocytes adjacent to the chronic inflammatory 
infiltrate, and not a reaction due to the myocarditis 
inflammatory process. The immunohistochemical 
expression of C9 has an important diagnosis role for 
recent myocardial infarction and it could become a 
standard in forensic laboratory analysis. It can be easily 
used on formalin fixed, paraffin wax embedded necropsy 
material. This method is very useful in forensic practice 
and can easily determine a certain diagnosis from recent 
myocardial infarction. 
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No 
case Group Age 

sex
Main cardiac 
pathology MI C9 IHC staining Histological findings

1. I 34
M

Diffuse cardiac 
fibrosis - 0 (myocytes)

Wavy myocardial fibres.
Atherosclerosis.
Endocardial fibrosis. 
Perivascular lipomatosis.

2. I 54
M

Diffuse cardiac 
ischemia with 
coronary bridging

-

0 (myocytes)
1 (isolated 
myocytes 
adjacent coronary 
bridging)

Wavy and fragmented myocardial fibres. 
Myofibril hypertrophy.
Coronary branch with 75% narrowing. Coronary 
bridging.
Atherosclerosis. Lipomatosis. 
Chronic pericarditis.

3. I
35
F

Diffuse cardiac 
ischemia 
Epilepsy

- 0 (myocytes)
Myocardial necrosis.
Wavy myocardial fibres.
Myofibril hypertrophy 
Fibrosis and lipomatosis. 

4.  I 49
F

Dilative 
cardiomyopathy - 0 (myocytes) Wavy myocardial fibres.

Atherosclerosis. Diffuse fibrosis.
Peri-vascular and interstitial  lipomatosis.

5. I 31
M

Myocarditis with 
pulmonary infarction -

1 
isolated myocytes 
adjacent 
inflammation 

Inflammatory infiltrate with lympho-monocyte 
Wavy and fragmented myocardial fibres.
Endocardial thrombosis. Interstitial lipomatosis.

6. I 45
M

Diffuse cardiac fibro-
lipomatosis 0 (myocytes)

Diffuse fibrosis.
Peri-vascular and interstitial extensive  
lipomatosis.

7. II 56
M

< 24-48 h AMI
Old MI +

2 (cytoplasmic 
necrotic 
myocytes)

Extensive cicatriceal MI.
Extensive AMI < 24h. 
Epicardial atherosclerosis
Lipomatosis.
Chronic pericarditis

8. II 45
M

48-72 h AMI +
2 (cytoplasmic 
necrotic 
myocytes)

48-72 hours myocardial infarction
Wavy and fragmented myocardial fibres. (few in 
LV and intense in RV). 
Fibrosis, atherosclerosis. 

9. II 55
M

24-48h AMI
3-4 weeks MI +

2
(cytoplasmic 
necrotic 
myocytes)

Extensive cicatriceal MI.
Extensive AMI < 24-48h. 
Severe atherosclerosis and myocardial fibrosis.
Myocardial hypertrophy.

10. II 43
M

4-7 days MI + 
 2
(necrotic 
myocytes)

4-7 days MI. Contraction bands. 
Wavy myocardial fibres.
Atherosclerosis plaque with haemorrhage and 
>75% vascular narrowing

11. II 46
M

7-10 days MI 
Old MI +

 1
(peri-necrotic 
myocytes)

Extensive cicatriceal MI with a 7-10 days MI. 
Wavy myocardial fibres.
Atherosclerosis, fibrosis, lipomatosis Around 
MI hypertrophy.

12. II 46
M 10-14 days MI + 0

Subacute 10-14 days MI.
Chronic non-specific pericarditis.
Interstitial lipomatsis and fibrosis.
Wavy and fragmented myocardial fibres.

13. II 30
M

14-21 days MI
+ 0

Granulation tissue with capillaries and fibroblasts. 
Wavy myocardial fibres. Atherosclerosis. 
Fibrosis with dense collagenous connective 
tissue. Peri-vascular lipomatosis 

14. III 24
M

Cranio-cerebral 
trauma - 0 Incipient atherosclerosis.

Wavy and fragmented myocardial fibres.

15. III 43
M  Drug intoxication - 0 Incipient atherosclerosis.

Wavy and fragmented myocardial fibres.
Incipient fibro-sclerosis and lipomatosis.

Table 1. Case by case analysis



Romanian Journal of Legal Medicine                   Vol. XXV, No 4(2017)

329

Figure 1. Acute myocardial infarction: 2 – 4 days (left), 4 – 7 
days (right), HE, 50x, 100x.

Figure 2. Myocardial fibers with early focal coagulation 
necrosis and acute ischemic hypoxia, Lie stain, 200x .

Figure 3. Ischemic cardiomyocytes with contraction bands 
necrosis in acute myocardial infarction, PTAH, 200x.

Figure 4. Positive C9 complement fraction staining in acute 
hypoxic ischemic necrobiotic myocardial fibers with wavy 
pattern, IHC, 200x.

Figure 5. Positive staining for C9 in necrotic myocardial fibers: 
a) in an early infarct (1 – 2 days), b) in an acute infarct (2 -4 
days), IHC, 100x.

Figure 6. Positive C9 staining in necrotic cardiomyocytes from 
a subacute infarct, 4 – 7 days old, IHC, 100x.
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CONCLUSION

 The immunoexpression of C9 covers a 
narrow range of early hypoxic ischemic lesions of the 
myocardium, with variable positivity, having diagnostic 
value along with other useful markers, such as troponin 

T and myoglobin, but it should be kept in mind that 
the assessment must be done only in histopathological 
context.

 Conflict of interest. The authors declare that 
there is no conflict of interest.

 References
1. de la Grandmaison GL. Is there progress in the autopsy diagnosis of sudden unexpected death in adults? Forensic Sci Int. 2006;156(2-

3):138-144. Review.
2. Madea B. Handbook of Forensic Medicine. Wiley-Blackwell - John Wiley & Sons, Ltd., UK. 2014.
3. Egred M, Viswanathan G, Davis G. Myocardial infarction in young adults. Postgraduate Medical Journal. 2005; 81(962):741-745. 

doi:10.1136/pgmj.2004.027532
4. Hoit BD, Gilpin EA, Henning H, Maisel AA, Dittrich H, Carlisle J, Ross J. Myocardial infarction in young patients: an analysis by age 

subsets. Circulation. 1986; 74 (4): 712.
5. Frangogiannis NG. The immune system and cardiac repair. Pharmacological research: the official journal of the Italian Pharmacological 

Society. 2008; 58 (2):88-111. doi:10.1016/j.phrs.2008.06.007
6. Zuidema MY, Zhang C. Ischemia/reperfusion injury: The role of immune cells. World Journal of Cardiology. 2010; 2 (10):325-332. 

doi:10.4330/wjc.v2.i10.325
7. Frangogiannis NG. The inflammatory response in myocardial injury, repair and remodeling. Nature reviews Cardiology. 2014; 11 (5):255-

265. doi:10.1038/nrcardio.2014.28
8. Turillazzi E, Di Paolo M, Neri M, Riezzo I, Fineschi V. A theoretical timeline for myocardial infarction: immunohistochemical evaluation 

and western blot quantification for Interleukin-15 and Monocyte chemotactic protein-1 as very early markers. Journal of Translational 
Medicine. 2014; 12:188. doi:10.1186/1479-5876-12-188

9. Jasra SK, Badian C, Macri I, Ra P. Recognition of early myocardial infarction by immunohistochemical staining with cardiac troponin-I 
and complement C9. Journal of forensic sciences. 2012; 57 (6):1595-1600. doi:10.1111/j.1556-4029.2012.02172.x

10. Vakeva A, Morgan BP, Tikkanen I, Helin K, Laurila P, Meri S. Time course of complement activation and inhibitor expression after ischemic 
injury of rat myocardium. Am J Pathol. 1994; 144 (6):1357-1368.

11. Piercecchi-Marti MD, Lepidi H, Leonetti G, Vire O, Cianfarani F, Pellissier JF. Immunostaining by complement C9: a tool for early diagnosis 
of myocardial infarction and application in forensic medicine. Journal of forensic sciences. 2001; 46 (2):328-334

12. Jenkins CP, Cardona DM, Bowers JN, Oliai BR, Allan RW, Normann SJ. The utility of C4d, C9, and troponin T immunohistochemistry in 
acute myocardial infarction. Archives of pathology & laboratory medicine. 2010; 134 (2):256-263. doi:10.1043/1543-2165-134.2.256

13. Schafer H, Mathey D, Hugo F, Bhakdi S. Deposition of the terminal C5b-9 complement complex in infarcted areas of human myocardium. 
Journal of immunology (Baltimore, Md : 1950). 1986; 137 (6):1945-1949.

14. Yasojima K, Schwab C, McGeer EG, McGeer PL. Human Heart Generates Complement Proteins That Are Upregulated and Activated After 
Myocardial Infarction. Circulation Research. 1998; 83 (8):860.


