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Review

Interleukin-6 and Acute Coronary Syndrome

UICHI IKEDA, M.D., PH.D., TAKAYUKI ITO, M.D., KAZUYUKI SHIMADA, M.D., PH.D.

Department of Cardiology, Jichi Medical School, Tochigi, Japan

Summary: The designation of atherosclerosis as a chronic
inflammatory process represents an exciting and logical
paradigm shift for cardiologists. Plasma concentrations of in-
terleukin-6 (IL-6) and its hepatic by-product C-reactive pro-
tein (CRP) appear to reflect the intensity of occult plaque in-
flammation and by inference may determine vulnerability to
rupture. Indeed, circulating IL-6 levels are elevated in patients
with acute myocardial infarction (AMI), and also in patients
with unstable, but not with stable angina. Coronary sinus IL-6
concentrations are also increased after percutaneous coronary
intervention (PCI), and late restenosis correlates with an in-
crease in IL-6 concentration after the procedure, indicating
that [L-6 expression may be not only related to instability of
atheromatous plaques, but also to the formation of restenotic
lesions after PCI. These observations suggest the advantage of
screening for circulating IL-6 concentration and the use of
anti-inflammatory treatment for those thought be at high risk
to reduce the risk of future AMI.
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Introduction

Interleukin-6 (IL-6) has been shown to be a local and circu-
lating marker of coronary plaque inflammation. It is a 26 kDa
cytokine, produced by many different cells in the body, includ-
ing lymphocytes, monocytes, fibroblasts, vascular smooth
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muscle cells, and endothelial cells. Interleukin-6 stimulates the
expression of tissue factor, monocyte chemotactic protein-1,
matrix degrading enzyme, and low-density lipoprotein recep-
tors in macrophages,'~ and the aggregation of platelets, pro-
liferation of vascular smooth muscle cells,>- ¢ and production
of C-reactive protein (CRP) and fibrinogen by hepatocytes
(Fig. 1). It also regulates the expression of adhesion molecules
and other cytokines in endothelial cells, for example, inter-
leukin-1§ and tumor necrosis factor-a, which potently en-
hance the inflammatory reaction.3- 7 It has been well docu-
mented that elevated levels of acute-phase proteins are
associated with unfavorable short- and long-term prognoses in
patients with coronary artery disease.®? In this review, we dis-
cuss the involvement of IL-6 in the pathophysiology of acute
coronary syndrome.

Acute Myocardial Infarction

Almost 10 years ago, we reported that circulating IL-6 lev-
els were increased in patients with acute myocardial infarction
(AMI).!0 Interleukin-6 levels became elevated following the
rise of serum creatine kinase (CK) activity and showed a good
correlation with levels of its hepatic by-product CRP, while
there was no direct relationship between IL-6 level and CK ac-
tivity. At approximately the same time, Sturk et al.!! also re-
ported increased plasma IL-6 levels in patients with AMI.
Similar to our observations, IL-6 levels began to increase 14 h
(mean; range 8-20 h) after the initial complaints and reached
maximal levels of 28 to 250 U/ml (normal values < 10 U/ml)
after 36 h (mean; range 24-52 h). No correlation was observed
between the size of the infarction as indicated by CK assay and
the extent of the IL-6 increase, while maximal IL-6 levels cor-
related significantly with maximal CRP levels.

As the source of circulating IL-6 at the early stage of AMI,
we'? and Rus et al.'? observed that IL-6 was expressed in hu-
man atherosclerotic lesions. Kaneko et al.'* observed the ex-
pression of IL-6 in the coronary arteries of patients with AMI.
Schieffer et al.'> reported the localization of IL-6 at the shoul-
der region of coronary atherosclerotic plaques where rupture
of the plaques predominantly occurs. On the other hand,
Gwechenberger et al. '® reported that cardiac myocytes in the
viable border zone in a canine model of myocardial infarction
exhibited reperfusion-dependent expression of IL-6 mRNA.
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Fic. 1 The involvement of interleukin-6 in the pathogenesis of acute coronary syndrome (ACS). MCP-1 = monocyte chemotactic protein-1,
MMPs = matrix metalloproteinases, IL-1p = interleukin- 18, TNF-a = tumor necrosis factor-, VSMC = vascular smooth muscle cell.

Mononuclear cells infiltrating the border zone also expressed
IL-6 mRNA. These findings suggested that the vascular tissue,
cardiac myocytes, and infiltrating inflammatory cells could all
be sources of circulating IL.-6 in AMI.

Angina Pectoris

In addition to AMI, IL-6 levels are also increased in unsta-
ble angina (UA).!”- '8 Manten et al.'” reported that plasma IL-
6 concentrations were significantly higher in patients with UA
and AMI than in those with stable angina (SA), although they
were lower in UA than in AMI. Interleukin-6 was shown to be
an independent predictive marker with equal discriminative
power to distinguish patients with stable from unstable disease
(UA + AMI). Biasucci et al.?’ measured levels of IL-6 in pa-
tients with UA at the time of admission to the coronary care
unit and in patients with SA. They were detectable in 61% of
patients with UA but in only 21% of patients with SA.

We also observed that plasma levels of IL-6 in patients with
UA were significantly higher than those in patients with SA or
in control subjects. Furthermore, levels of IL-6 in patients
with UA, who had an anginal attack at rest within 48 h prior to
admission (Braunwald class I1IB), were significantly higher
than those in patients who did not have attacks at rest (class IB,
1IB) (unpublished observation). Yazdani e al.?! reported that
IL-6 level was significantly elevated in patients with UA com-
pared with those with SA. Furthermore, at 1 month follow-up
after percutaneous coronary intervention (PCI), there were no
longer any significant differences between the levels of IL-6 in
patients with UA versus those with SA or healthy control sub-
Jjects. These findings suggested that IL-6 levels correlate with
instability of atheromatous plaques and that the decrease in
IL-6 level after PCI may represent plaque re-endothelializa-
tion and stabilization.

Restenagsis after Angioplasty

Interleukin-6 expressed in the vascular tissue may be relat-
ed not only to instability of atherosclerotic plaques, but also to
the formation of atherosclerotic lesions. Suzuki et al.22 mea-
sured circulating IL-6 levels in patients with SA undergoing
elective PCl before, and immediately, 1, and 6 h after the pro-
cedure. They performed follow-up coronary angiography 6
months after the procedure and found that patients with
restenosis showed significant increases in IL-6 concentra-
tions 1 and 6 h after the procedure.

We also investigated links between IL-6 and restenosis in
patients undergoing elective PCI for SA.23 Coronary sinus
blood was drawn before and after PCl and the concentration of
IL-6 was measured. We found that coronary sinus IL-6 con-
centrations were significantly increased postoperatively. The
source of this increase was the heart itself, as IL-6 concentra-
tions in peripheral arterial blood samples taken at the same
time were not increased. We performed 6-month follow-up
coronary angiography and found that the late loss index (an
angiographic measure of restenosis) correlated with the in-
crease in coronary sinus IL-6 concentration after PCI. These
findings suggested that enhanced IL-6 expression induces
subsequent inflammatory responses in injured coronary ves-
sels and plays an important role in late restenosis after PCI.

Therapeutic Implications

In a prospective study involving 14,916 apparently healthy
men, Ridker ez al.?* measured baseline plasma concentration
of [L-6 in 202 participants who subsequently developed AMI,
and in 202 study participants matched for age and smoking
status who did not develop vascular disease during a 6-year
follow-up. Median concentrations of IL-6 at baseline were
higher among men who subsequently had AMI than among
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those who did not (1.81 vs. 1. 46 pg/ml). The risk of future
AMl increased with increasing quartiles of baseline IL-6 con-
centration such that men in the highest quartile at entry had a
relative risk 2.3-fold higher than those in the lowest quartile.
Biasucci et al. 2 reported that patients with UA and with com-
plicated in-hospital courses have higher IL-6 levels on admis-
sion. A drop in IL-6 48 h after admission was associated with
an uneventful course, and an increase at this time point was as-
sociated with a complicated hospital course. These findings
suggested a role of IL-6-mediated inflammation in the plaque
formation and instability, and also therapeutic benefit of inhi-
bition of IL-6 to prevent future AML

The concentrations of the inflammatory marker CRP are
increased during acute coronary syndrome, and higher con-
centrations predict a worse outcome in patients with UA,? as
observed in [L-6. It is interesting to note that the protective ef-
fects of aspirin®” and hydroxy-3-methylgiutaryl coenzyme A
(HMG-CoA) reductase inhibitors (statins)?® are greatest in pa-
tients with the highest baseline CRP concentrations in keep-
ing with the anti-inflammatory properties of both drug class-
es.?? Also, in a study by Ikonomidis et al.,* patients with UA
had more than double the median IL-6 level compared with
controls (3.9 vs. 1.7 pg/ml), and IL-6 levels were reduced after
6 weeks of aspirin treatment. On the other hand, we?! and
Inoue et al.32 observed that HMG-CoA reductase inhibitors
(statins) suppress IL-6 expression in human vascular smooth
muscle cells, endothelial cells, and macrophages. In addition,
Bickel et al.*? recently examined the nonlipid effects of statins
in 950 patients with coronary artery disease and found that, al-
though they did not find a difference in lipid status between
patients under stain therapy and without any lipid-lowering
drug therapy, plasma IL-6 levels were significantly lower in
the former than in the latter. These findings suggested that re-
duction of [L-6 level by aspirin and statins may partially ex-
plain their therapeutic effects in patients with myocardial is-
chemia and infarction.

Conclusions

The designation of atherosclerosis as a chronic inflammato-
ry or autoimmune process, much like rtheumatoid arthritis or
pulmonary fibrosis, represents an exciting and logical para-
digm shift for cardiologists. Plasma concentrations of IL-6
appear to reflect the intensity of occult plaque inflammation
and by inference may determine vulnerability to rupture and
restenosis after PCI, a concept supported by the observation
that the risk of cardiovascular events can be predicted by the
ambient circulating concentration. These observations suggest
the advantage of screening for circulating IL-6 concentrations
and the use of anti-inflammatory treatment (such as aspirin
and statins) for those thought to be at high risk of future AMI,
although further studies are required to confirm this premise.

References

1. Neumann FJ, Ott I, Marx N, Luther T, Kenngott S, Gawaz M,
Kotzsch M, Schomig A: Effect of human recombinant interleukin-

11.

12.

14.

15.

16.

17.

6 and interleukin-8 on monocyte procoagulant activity. Arterioscler
Thromb Vasc Biol 1997;17:3399-3405

Hamanak R, Kohno K, Seguchi T, Okamura K, Morimoto T, Onon
M, Ogata M, Kuwano M: Induction of low-density lipoprotein
receptor and transcription factor SP-1 by tumor necrosis factor in
human vascular endothelial cells. J Biol Chem 1992;267:
1316013165

Galis ZS, Muszynski M, Sukhova GK, Simon-Morrissey E,
Unemori EN, Lark M, Amento E, Libby P: Cytokine-stimulated
smooth muscle cells stimulate a complement of enzymes required
for extracellular matrix digestion. Circ Res 1994;75:181-189
Biswas P, Delfanti F, Mengozzi M, Cota M, Polentarutti N, Matno-
vani A, Lazzarin A, Sozzani S, Poli G: Interleukin 6 induces mono-
cyte chemotactic protein-1 in peripheral blood mononuclear cells
and in the U937 cell line. Blood 1998;91:258-265

Ikeda U, Tkeda M, Seino Y, Takahashi M, Kasahara T, Kano S,
Shimada K: Expression of intracellular adhesion molecule 1 in rat
vascular smooth muscle cells by pro-inflammatory cytokines.
Atherosclerosis 1993;104:61-68

Ikeda U, Tkeda M, Oohara T, Oguchi A, Kamitani T, Tsuruya Y,
Kano S: Interleukin 6 stimulates growth of vascular smooth muscle
cells in a PDGF-dependent manner. Am J Physiol 1991;260:
H1713-H1717

Montavi A: The interplay between primary and secondary cy-
tokines. Cytokines involved in the regulation of monocyte recruit-
ment. Drugs 1997;97(suppl I):15-23

Liuzzo G, Buffon A, Biasucci LM, Gallimore IR, Caligiuri G,
Vitelli A, Altamura S, Ciliberto G, Rebuzzi AG, CreaF, Pepys MB,
Maseri A: Enhanced inflammatory response to coronary angio-
plasty in patients with severe unstable angina. Circulation 1998;
98:2370-2376

Haverkate F, Thompson SG, Pyke SDM, Gallimore JR, Pepys MB,
for the European Concerted Action on Thrombosis and Disabilities
Angina Pectoris Study Group: Production of C-reactive protein and
risk of coronary events in stable and unstable angina. Lancet
1997;349:462-466

Ikeda U, Ohkawa F, Seino Y, Yamamoto K, Hidaka Y, Kasahara T,
Kawai T, Shimada K: Serum interleukin 6 levels become elevated
in acute myocardial infarction. J Mol Cell Cardiol 1992;24:
579-584

Sturk A, Hack CE, Aarden LA, Brouwer M, Koster RR, Sanders
GT: Interleukin-6 release and the acute-phase reaction in patients
with acute myocardial infarction: A pilot study. J Lab Clin Med
1992;119:574-579

Seino Y, Ikeda U, Yamamoto K, Misawa Y, Hasegawa T, Kano S,
Shimada K: Interleukin-6 gene transcripts are expressed in human
atherosclerotic lesions. Cytokine 1994;6:87-91

. Rus HG, Vlaicu R, Niculescu F: Interleukin-6 and interleukin-8

protein and gene expression in human arterial atherosclerotic wall.
Atherosclerosis 1996;,127:263-271

Kaneko K, Kanda T, Yokoyama T, Nakazato Y, Iwasaki T,
Kobayashi I, Nagai R: Expression of interleukin-6 in the ventricles
and coronary arteries of patients with myocardial infarction. Res
Commun Mol Pathol Pharmacol 1997;97:3-12

Schieffer B, Schieffer E, Hilfiker-Kleiner D, Hilfiker A, Kovanen
PT, Kaartinen M, Nussberger J, Harringer W, Drexler H: Expres-
sion of angiotensin Il and interleukin 6 in human coronary athero-
sclerotic plaques: Potential implications for inflammation and
plaque instability. Circulation 2000;101:1372-1378
Gwechenberger M, Mendoza LH, Youker KA, Frangogiannis NG,
Smith CW, Michael LH, Entman ML: Cardiac myocytes produce
interleukin-6 in culture and in viable border zone of reperfused in-
farctions. Circulation 1999;99:546-551

Mazzone A, De Servi S, Vezzoli M, Fossati G, Mazzucchelli L,
Gritti D, Ottini E, Mussini A, Specchia G: Plasma levels of inter-
leukin 2, 6, 10 and phenotypic characterization of circulating T
lymphocytes in ischemic heart disease. Atherosclerosis 1999;145:
369-374



704

20.

21.

22.

23,

24,

25.

Clin. Cardiol. Vol. 24, November 2001

. Simon AD. Yazdani S, Wang W, Schwartz A, Rabbani LE:

Circulating levels of IL-1beta, a prothrombotic cytokine, are elevat-
ed in unstable angina versus stable angina. J Thromb Thrombolysis
2000;9:217-222

. Manten A, de Winter RJ, Minnema MC, ten Cate H, Lijmer JG,

Adams R, Peters RJ, van Deventer SJ: Procoagulant and proinflam-
matory activity in acute coronary syndromes. Cardiovasc Res
1998;40:389-395

Biasucci LM, Liuzzo G, Fantuzzi G, Caligiuri G, Rebuzzi AG,
Ginnetti F, Dinarello CA, Maseri A: Increasing levels of interleukin
(IL)-1Ra and IL-6 during the first 2 days of hospitalization in unsta-
ble angina are associated with increased risk of in-hospital coronary
events. Circulation 1999;99:2079-2084

Yazdani S, Simon AD, Vidhun R. Gulotta C, Schwartz A, Rabbani
LE: Inflammatory profile in unstable angina versus stable angina in
patients undergoing percutaneous interventions. Am Heart J 1998,
136:357-361

Suzuki T, Ishiwata S, Hasegawa K, Yamamoto K, Yamazaki T:
Raised interleukin 6 concentrations as a predictor of postangioplas-
ty restenosis. Heart 2000;83:578

Hojo Y, Ikeda U, Katsuki T, Mizuno O, Fukazawa H, Kurosaki K,
Fujikawa H, Shimada K: Interleukin 6 expression in coronary cir-
culation after coronary angioplasty as a risk factor for restenosis.
Heart 2000;84:83-87

Ridker PM, Rifai N, Stampfer MJ, Hennekens CH: Plasma concen-
tration of interleukin-6 and the risk of future myocardial infarction
among apparently healthy men. Circulation 2000;101:1767-1772
Biasucci LM, Vitelli A, Livzzo. G, Altamura S, Caligiuri G, Mon-
aco C, Rebuzzi AG, Ciliberto G, Maseri A: Elevated levels of inter-
leukin-6 in unstable angina. Circidation 1996;94:874-877

26.

27.

28.

29.

30.

31

32.

33.

Liuzzo G, Biasucci LM, Gallimore JR, Grillo RL, Rebuzzi AG,
Pepus MB, Maseri A: The prognostic value of C-reactive protein
and serum amyloid A protein in severe unstable angina. N Engl J
Med 1994;331:417-424

Ridker PM, Cushman M, Stampfer MI, Tracy RP, Hennekens CH:
Production of C-reactive protein and the risk of cardiovascular dis-
ease in apparently healthy men. N Engl J Med 1997;336:973-979
Ridker PM, Rifai N, Pfeffer MA, Sacks FM, Moyé LA, Goldman
S, Flaker GC, Braunwald E: Inflammation, pravastatin, and the risk
of coronary events after myocardial infarction in patients with aver-
age cholesterol levels. Circulation 1998;98:839-844

Vaughan CJ, Murphy MB, Buckley BM: Statins do more than just
lower cholesterol. Lancer 1996;348:1079-1082

Ikonomidis I, Andreotti F, Economou E, Stefanadis C, Toutouzas P,
Nihoyannopoulos P: Increased proinflammatory cytokines in pa-
tients with chronic stable angina and their reduction by aspirin.
Circulation 1999;100:793-798

Ikeda U, Ito T, Shimada K: Statins and C-reactive protein. Lancet
1999;353:1274-1275

Inoue I, Goto S, Mizotani K, Awata T, Matsunaga T, Kawai S,
Nakajima T, Hokari S, Komoda T, Katayama S: Lipophilic HMG-
CoA reductase inhibitor has an anti-inflammatory effect:
Reduction of mRNA levels for interleukin-1{, interleukin 6, cy-
clooxygenase-2, and p22phox by regulation of peroxisome protif-
erator-activated receptor o (PPAR) in primary endothelial cells.
Life Sci 2000;67:863-876

Bickel C, Rupprecht Hl, Blankenberg S, Hafner G, Rippin G,
Meyer J: Non-lipid lowering effects of statin medication in patients
with coronary heart disease (abstr). J Am Coll Cardiol 2000;
35:256A



