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In this issue of the Journal the minisym-
posium series “The search for the causes of
myocardial infarction” continues with the
hot topic of inflammation. Four years ago
Attilio Maseri wrote a remarkable editorial
comment entitled “Inflammation, athero-
sclerosis, and ischemic events - exploring
the hidden side of the moon”1 to the Paul
Ridker’s article on the prognostic role of C-
reactive protein in the Physicians’ Health
Study2. After 4 years part of the hidden side
has been discovered, but many issues re-
main to be explored. Three of the authors
who present their news in this issue are
among those that most have contributed to
the explosion of clinical and experimental
data on inflammation, ischemia, and acute
coronary syndromes3-5. Yet, even after their
articles, not all questions are solved.

This minisymposium answers to some
questions: 1) we should search for the ori-
gin of inflammation; so far no hypothesis
on the source of inflammation is proven; 2)
we should search more about plaque life;
we know a lot about its morphology, but
much less about its formation, growth and
remodeling; 3) we should search for the
reasons of the strong association between
inflammatory markers and lipids, well
known risk factors for myocardial infarc-
tion; 4) finally, although not directly relat-
ed to the search for the causes of myocar-
dial infarction, we should search for novel,
anti-inflammatory therapies. In turn, these
therapies, if effective, could prove definite-
ly the pathogenetic role of inflammation in
acute coronary syndromes. 

These four points already represent a
rich task for future explorations, but, will
answering to these questions shed light on
all problems? Why, for example, some pa-

tients have inflammation and others not,
why some have a myocardial infarction and
some not?

In the last 5 years, in Rome, we have ad-
dressed considerable attention to the possi-
bility that an individual response to inflam-
matory stimuli may play a major role as a
precipitating cause of myocardial infarc-
tion.

Myocardial infarction is a multifactori-
al disease. It would not be reasonable to
consider inflammation as the precipitating
cause in all patients, nor to search for a
common cause of inflammation in all pa-
tients with infarction. Indeed, inflamma-
tion is a component of the atherosclerotic
background6, but the latter is common not
only to people suffering a myocardial in-
farction, but also to almost all otherwise ap-
parently healthy subjects7-9. Atherosclero-
sis is a disease which is not fatal per se, but
fatal are its complications: myocardial in-
farction, sudden death, and stroke. How
can a low degree of inflammation that re-
mains stable for years lead suddenly to my-
ocardial infarction? Accumulating data
suggest that a sudden inflammatory burst
may induce a pre-infarction condition: an
increase in pro-inflammatory mediators
such as C-reactive protein, serum amyloid
A, interleukin (IL)-6, IL-1Ra and tumor
necrosis factor-� has been consistently
shown in many patients with unstable angi-
na and myocardial infarction10-15. These cy-
tokines and acute phase reactants may in-
duce plaque rupture or endothelial activa-
tion and a pro-coagulant state, mainly via
macrophage activation with subsequent re-
lease of proteolytic agents, including ma-
trix metalloproteinases16 and activation of
the tissue-factor pathway17,18. However, no
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apparent cause for this inflammatory reaction has been
demonstrated: in particular no signs of acute infections,
including Chlamydia pneumoniae, have been convinc-
ingly found19. Although activated T lymphocytes are
present in the plaque, these are polyclonal or oligo-
clonal and so far there is no consistent evidence for a
specific antigenic activation of the plaque cells20 but in
very few cases21,22. If specific causes of inflammation
are not found, it is possible that no-specific causes may,
in particular situations and/or in predisposed subjects,
lead to an enhanced inflammatory response. 

Recent data demonstrate that the amount of the in-
flammatory response to myocardial damage, necrosis,
plaque rupture and to no-specific stimuli, such as in vit-
ro lipopolysaccharide challenge, strongly differs among
individuals23-25. Intriguingly the amount of inflammato-
ry response is much larger in individuals with unstable
angina and myocardial infarction having elevated lev-
els of inflammatory markers on admission, than in un-
stable angina and myocardial infarction patients with-
out such an elevation. These findings suggest that pa-
tients with increased baseline levels of inflammatory
markers may differ from other patients and may have a
higher risk of myocardial infarction because of an ex-
aggerated response to some stimuli. This line of evi-
dence may also help to explain why healthy subjects
with borderline increased C-reactive protein are at
higher risk of myocardial infarction up to 8 years after
the baseline sampling2. Thus, patients with enhanced
inflammatory response, but not patients with mild or
absent inflammatory response to the same stimulus,
may be predisposed on an individual basis to infarction.
Individual susceptibility to infections and to some au-
toimmune diseases such as diabetes and rheumatoid
arthritis is well known and is based at least in part on a
genetic background26. The identification of candidate
genes through a careful analysis of the clinical data
may lead to advancements in this field. An increase in
IL-6 production after lipopolysaccharide stimulation
has been observed for the allele G of the G174C poly-
morphism of IL-6 and for the allele T of the CD1427,28.
However, the search for a candidate gene per se is un-
likely to be successful because of the multifactorial
pathogenesis of myocardial infarction. An enhanced in-
flammatory response might in fact depend also on the
failure of the control mechanisms devoted to turn off
inflammation when it is no more useful to the organ-
ism. It is possible that subliminal and common stimuli
may turn on the inflammatory system only in predis-
posed subjects, or, alternatively, in subjects primed by
previous exposure to ischemic or thrombotic stimuli,
or, as another possibility, in subjects with defective
control mechanisms of inflammation. Thus, it is possi-
ble that the search for the causes of myocardial infarc-
tion should be moved from the very first cause to the in-
dividual predisposing causes of myocardial infarction.

Careful clinical identification of very homogeneous
subgroups of patients according to their history, risk

factors and inflammatory markers will be the first step
of this search. The amount of inflammatory response
produced after a stimulus may represent a further mark-
er of individual susceptibility. Once the profile of the
patients will be drawn, the causes, genetic or acquired,
of the hyperresponsiveness can be searched for, being
aware that this will not shed light on the whole dark
side of the moon.

References

1. Maseri A. Inflammation, atherosclerosis, and ischemic
events - exploring the hidden side of the moon. N Engl J
Med 1997; 336: 1014-6.

2. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hen-
nekens CH. Inflammation, aspirin, and the risk of cardio-
vascular disease in apparently healthy men. N Engl J Med
1997; 336: 973-9.

3. Ross R. Atherosclerosis - an inflammatory disease. N Engl
J Med 1999; 340: 115-26.

4. Blake GJ, Ridker PM. Inflammatory mechanisms in ather-
osclerosis: from laboratory evidence to clinical application.
Ital Heart J 2001; 2: 796-800.

5. Pepys MB, Hirschfield GM. C-reactive protein and its role
in the pathogenesis of myocardial infarction. Ital Heart J
2001; 2: 804-6.

6. Koenig W, Torzewski J. C-reactive protein and atheroscle-
rosis: Quo Vadis? Ital Heart J 2001; 2: 801-3.

7. Arbustini E, Grasso M, Diegoli M, et al. Coronary throm-
bosis in non-cardiac death. Coron Artery Dis 1993; 4: 751-
9.

8. Van der Wal AC, Becker AE, van der Loos CM, Das PK.
Site of intimal rupture or erosion of thrombosed coronary
atherosclerotic plaques is characterized by an inflammatory
process irrespective of the dominant plaque morphology.
Circulation 1994; 89: 36-44.

9. Davies MJ, Thomas A. Thrombosis and acute coronary-
artery lesions in sudden cardiac ischemic death. N Engl J
Med 1984; 310: 1137-40.

10. Liuzzo G, Biasucci LM, Gallimore JR, et al. The prognos-
tic value of C-reactive protein and serum amyloid A protein
in severe unstable angina. N Engl J Med 1994; 331: 417-24.

11. Haverkate F, Thompson SG, Pyke SDM, Gallimore JR,
Pepys MB. Production of C-reactive protein and risk of
coronary events in stable and unstable angina. Lancet 1997;
349: 462-6.

12. Biasucci LM, Vitelli A, Liuzzo G, et al. Elevated levels
of interleukin-6 in unstable angina. Circulation 1996; 94:
874-7.

13. Biasucci LM, Liuzzo G, Fantuzzi G, et al. Increasing levels
of IL-1Ra and of IL-6 during the first two days of hospital-
ization in unstable angina are associated with increased risk
of in-hospital coronary events. Circulation 1999; 99: 2079-
84.

14. Vaddi K, Nicolini FA, Mehta P, Mehta JL. Increased secre-
tion of tumor necrosis factor-alpha and interferon-gamma
by mononuclear leukocytes in patients with ischemic heart
disease. Relevance in superoxide anion generation. Circula-
tion 1994; 90: 694-9.

15. Ridker PM, Rifai N, Pfeffer M, Sacks F, Lepage S, Braun-
wald E. Elevation of tumor necrosis factor-alpha and in-
creased risk of recurrent coronary events after myocardial
infarction. Circulation 2000; 101: 2149-53.

16. Libby P. Molecular bases of the acute coronary syndromes.
Circulation 1995; 91: 2844-50.

794

Ital Heart J Vol 2 November 2001



17. Ardissino D, Merlini PA, Arlens R, Coppola R, Mannucci
PM. Tissue-factor antigen and activity in human coronary
atherosclerotic plaques. Lancet 1997; 349: 769-71.

18. Moreno PR, Bernardi VH, Lopez-Cuellar J, et al.
Macrophages, smooth muscle cells, and tissue factor in un-
stable angina. Implications for cell-mediated thrombo-
genicity in acute coronary syndromes. Circulation 1996; 94:
3090-7.

19. Danesh J, Whincup P, Walker M, et al. Chlamydia pneumo-
niae IgG titres and coronary heart disease: prospective study
and meta-analysis. BMJ 2000; 321: 208-13.

20. Stemme S, Rymo L, Hansson GK. Polyclonal origin of T
lymphocytes in human atherosclerotic plaques. Lab Invest
1991; 65: 654-60.

21. Liuzzo G, Goronzy JJ, Yang H, et al. Monoclonal T-cell pro-
liferation and plaque instability in acute coronary syn-
dromes. Circulation 2000; 101: 2883-8.

22. Liuzzo G, Kopecky SL, Frye RL, et al. Perturbation of the
T-cell repertoire in patients with unstable angina. Circula-
tion 1999; 100: 2135-9.

23. Liuzzo G, Buffon A, Biasucci LM, et al. Enhanced inflam-

matory response to coronary angioplasty in patients with se-
vere unstable angina. Circulation 1998; 98: 2370-6.

24. Liuzzo G, Biasucci LM, Gallimore JR, et al. Enhanced in-
flammatory response in patients with preinfarction unstable
angina. J Am Coll Cardiol 1999; 34: 1696-703.

25. Liuzzo G, Angiolillo DJ, Buffon A, et al. Enhanced re-
sponse of blood monocytes to in vitro lipopolysaccharide-
challenge in patients with recurrent unstable angina. Circu-
lation 2001; 103: 2236-41.

26. Davidson A, Diamond B. Autoimmune diseases. N Engl J
Med 2001; 345: 340-50.

27. Biasucci LM, Angiolillo DJ, Pignatti PF, et al. Interleukin-
6 G-174C polymorphism is associated with occurrence of
unstable angina and with in vitro increased monocyte pro-
duction of interleukin-6 in unstable patients. (abstr) J Am
Coll Cardiol 2001; 37: 314A.

28. Liuzzo G, Angiolillo DJ, Pignatti PF, et al. A polymorphism
in the promoter of the CD14 receptor gene is associated
with circulating soluble CD14 levels and with an enhanced
pro-inflammatory response in patients with unstable angi-
na. (abstr) J Am Coll Cardiol 2001; 37: 315A.

LM Biasucci - Inflammation and individual response

795


