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The Influence of Lipid Lowering on Soluble Tumor Necrosis
Factor Receptor I in Patients with Angina Pectoris

A. Wykretowicz, J. Ś mielecki, J. Furmaniuk, E. Deskur-Ś mielecka, H. Wysocki

Inflammation plays an important role in the pathogenesis of atherosclerosis. It has been suggested that the beneficial effects of hydroxy-
methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors on survival of patients with ischaemic heart disease may partly derive from their
anti-inflammatory properties.
Aim of the study was to determine levels of soluble tumor necrosis factor receptor I (sTNF-RI) in patients with hypercholesterolaemia and angina
pectoris, in a group of asymptomatic subjects (n = 20) with elevated serum cholesterol levels and in a control group (n = 20). Furthermore, we
wanted to investigate the possible influence of 3-month treatment with simvastatin on plasma concentrations of sTNF-RI.
Results: Baseline concentrations of sTNF-RI in plasma were significantly higher in patients with hypercholesterolaemia and angina pectoris
compared to the control group (1259 ± 90 pg/ml vs. 913 ± 98 pg/ml, p = 0.0366). Baseline sTNF-RI levels in hypercholesterolaemic subjects
(1004 ± 92 pg/ml) were not significantly different from those in patients with angina pectoris or controls. In both study groups simvastatin had no
effect on plasma sTNF-RI concentrations (patients with angina pectoris: 1259 ± 90 pg/ml vs. 1206 ± 117 pg/ml, hypercholesterolaemic subjects:
1004 ± 92 pg/ml vs. 929 ± 66 pg/ml).
Conclusions: (1) Patients with hypercholesterolaemia and angina pectoris have increased soluble tumor necrosis factor receptor I plasma levels in
comparison with healthy subjects. (2) 3-month therapy with simvastatin has no effect on sTNF-RI concentrations in hypercholesterolaemic
patients with, or without, ischaemic heart disease. J Clin Basic Cardiol 2005; 8: 65–8.
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 A large body of evidence derived from laboratory research
indicates that inflammation is involved in the initiation

and progression of vascular atherosclerotic lesions [1, 2]. In-
flammatory processes seems to play a particularly important
role in events following coronary artery occlusion and subse-
quent reperfusion [3, 4]. On the other hand, it has been re-
cently shown that elevated markers of inflammation are asso-
ciated with increased risk of myocardial infarction and other
atherosclerotic events [5–7].

Recent studies have reported beneficial effects of hydroxy-
methylglutaryl coenzyme A (HMG-CoA) reductase inhibi-
tors on the survival of patients with ischaemic heart disease
and the prevention of coronary artery disease in hyperchol-
esterolaemic subjects [8–11]. It has been postulated that statins
may exert effects separate from their lipid-lowering action,
including anti-inflammatory properties [12–14], which may
account for the clinical benefits.

Among inflammatory cells, the involvement of peripheral
blood monocytes in the development of atherosclerosis has
been best recognised. Adhesion and transendothelial migra-
tion of circulating monocytes are early events in atheroscle-
rotic plaque formation [15]. Activated monocytes and macro-
phages release arrays of cytokines that affect other cells and
modify the inflammatory reactions in response to injury or
infection. The direct assessment of circulating cytokines lev-
els may be of limited value because of their short half-life.
Moreover, cytokines may exert autocrine, paracrine, and
intracrine actions and may therefore be not released into the
peripheral circulation. Therefore circulating cytokine recep-
tors, which are cleaved from the target cell surface after con-
tact with the corresponding cytokine, may be better markers
of macrophage activation.

The initial purpose of the present study was to determine
whether patients with angina pectoris and hypercholesterol-
aemia have increased levels of soluble tumor necrosis factor
receptor I (sTNF-RI) in comparison with hypercholesterol-

aemic subjects and controls. Secondly, we wanted to assess
the possible influence on plasma sTNF-RI concentrations
of lipid-lowering therapy with the use of simvastatin, a hy-
droxy-methylglutaryl coenzyme A reductase inhibitor.

Material and Methods
The study population consisted of 20 patients with stable an-
gina pectoris and serum cholesterol levels above 200 mg/dl
(AP group) and 20 asymptomatic subjects, with total serum
cholesterol concentrations exceeding 250 mg/dl (HC group).
9 healthy subjects with serum cholesterol levels below
250 mg/dl served as the control group (C group). Patients were
only enrolled in the study if they had been on a low-fat, low-
cholesterol diet (American Heart Association step I diet) and
had not been taking any cholesterol-lowering drugs for at
least 6 months. The exclusion criteria were a recent history of
myocardial infarction (< 6 months), unstable angina pec-
toris, diabetes mellitus, active inflammatory disease, conges-
tive heart failure, renal or hepatic impairment or pregnancy.
The characteristics of each study group are summarised in
Table 1.

TTTTTable 1.able 1.able 1.able 1.able 1. Characteristics of the study population

AP group HC group C group
(n = 20) (n = 20) (n = 9)

Age, years 57,5 ± 8,5 55,2 ± 2,1 42,0 ± 8,0
Sex m/f (n) 13/7 6/14 5/4
Smokers

(past or current) (n) 7 10 2
History of myocardial

infarction (n) 14 1 0
Hypertension (n) 14 10 0

AP group: patients with hypercholesterolaemia and angina pectoris;
HC group: asymptomatic subjects with hypercholesterolaemia;
C group: control group
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This investigation was approved by the local Ethics Commit-
tee and all patients included gave their written informed con-
sent to participate in the study.

Study Design
Peripheral blood samples were taken from each subject after
an overnight fast for evaluation of serum lipid profiles and
soluble tumor necrosis factor receptor I levels. Patients in the
AP and HC groups received 20 mg simvastatin daily in addi-
tion to their habitual medication. No other changes in treat-
ment were allowed during the study period. After 3 months
treatment with simvastatin, blood samples were again taken
for assessment of serum lipid profiles and sTNF-RI concen-
trations.

Lipid Profiles
Serum levels of total cholesterol, HDL cholesterol and trigly-
cerides were determined by standard enzymatic methods.
LDL cholesterol concentrations were calculated using the
Friedewald formula.

Levels of Soluble Tumor Necrosis Factor Receptor I
The concentrations of sTNF-RI in serums samples were de-
termined by the quantitative sandwich enzyme immunoas-
say technique (R&D Systems, Minneapolis, USA).

Statistical Analysis
Data analysis utilised standard descriptive techniques. The
t-test for paired variables was used for within-group com-
parisons and the unpaired t-test was employed for between-
group comparisons. A p-value < 0.05 was considered signifi-
cant. All data are expressed as means ± SEM.

Results
Serum Lipid Profiles
The serum concentrations of total cholesterol, LDL choles-
terol, HDL cholesterol and triglycerides are shown in Table
2. Total and LDL cholesterol concentrations decreased sig-
nificantly after 3 months of therapy with simvastatin in both
study groups. No changes were observed in the HDL choles-
terol and triglycerides levels.

Serum Concentrations of Soluble Tumor Necrosis
Factor Receptor I
The baseline concentrations of sTNF-RI were significantly
higher in patients with angina pectoris than in healthy sub-
jects (1259 ± 90 pg/ml vs. 913 ± 98 pg/ml) (Fig. 1). There
were no significant differences between the hyperchol-
esterolaemic subjects and the control group for baseline
sTNF-RI levels (1004 ± 92 pg/ml vs. 913 ± 98 pg/ml). Base-
line sTNF-RI concentrations tended to be lower in the HC
group compared with the AP group (p = 0.059). Neither the
AP nor the HC group demonstrated any change in sTNF-RI
levels after 3-months therapy with simvastatin (AP group:

1259 ± 90 pg/ml vs. 1206 ± 117 pg/ml, HC group 1004 ±
92 pg/ml vs. 929 ± 66 pg/ml).

Discussion
Tumor necrosis factor plays a pivotal role in the inflamma-
tory response. It exerts its effects by binding two distinct
receptors designated TNF-RI and TNF-RII on the target cell
surface [16, 17]. Both receptor types exist in a circulating
soluble form, resulting from a proteolytic cleavage of their
extracellular domains from the cell membrane [18, 19]. The
biological role of the soluble tumor necrosis factor receptors
is not clear. They may bind and inactivate circulating tumor
necrosis factor and thus protect cells from the effect of this
agent [20, 21]. It has been also suggested that soluble tumor
necrosis factor receptors may serve as a biological reservoir
for tumor necrosis factor, binding and stabilising it with sub-
sequent controlled, slow release of this factor into the circu-
lation [22, 23]. Soluble tumor necrosis factor receptors are
present in human serum, but their levels increase markedly
in acute infection or inflammation [24, 25]. Elevated soluble
tumor necrosis factor receptor II levels have been recently
reported both in patients with congestive heart failure [26]
and angiographically proven coronary heart disease [27].

Our study was designed to evaluate sTNF-RI levels in hyper-
cholesterolaemic patients presenting with or without the
symptoms of angina pectoris. We observed significantly higher
sTNF-RI levels in patients with angina pectoris in compari-
son with the control group. This finding is in keeping with
previous studies demonstrating activation of the tumor
necrosis factor system in patients with ischaemic heart dis-
ease [27] and indicates that sTNF-RI, in addition to sTNF-
RII, may be a potential immunologic marker of coronary
heart disease. In contrast, there were no significant differ-

TTTTTable 2.able 2.able 2.able 2.able 2. Serum lipid profiles in the study population before and after 3-months treatment with simvastatin

AP group HC group
Before After Before After
therapy therapy p therapy therapy p

Total cholesterol (mg/dl) 277 ± 8 207 ± 8 < 0.0001 298 ± 9 221 ± 4 < 0.0001
HDL cholesterol (mg/dl) 42 ± 2 44 ± 2 n.s. 55 ± 3 57 ± 2 n.s.
% HDL cholesterol 14 ± 1 21 ± 1 0.0002 18 ± 1 26 ± 1 < 0.01
LDL cholesterol 195 ± 8 126 ± 7 < 0.0001 214 ± 8 137 ± 4 < 0.0001
triglycerides 199 ± 11 186 ± 20 n.s. 160 ± 19 164 ± 24 n.s.

AP group: patients with hypercholesterolaemia and angina pectoris; HC group: asymptomatic subjects with hypercholesterolaemia

Figure 1. Concentrations of soluble tumor necrosis factor receptor I
(sTNF-RI) in patients with angina pectoris and hypercholesterol-
aemia (AP group), in asymptomatic subjects with hypercholesterol-
aemia (HC group) and in the control group (C group)
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ences in sTNF-RI levels between the asymptomatic patients
with hypercholesterolaemia and the control group. Interest-
ingly, there was a tendency towards lower values of circulat-
ing sTNF-RI in hypercholesterolaemic subjects compared to
patients with angina pectoris. These results suggest that myo-
cardial ischaemia is the factor triggering activation of the
tumor necrosis factor system in patients with atherosclerosis.

As hydroxy-methylglutaryl coenzyme A reductase inhibitors
have been suggested as having direct anti-inflammatory
properties [12–14], we investigated the influence of 3-months
therapy with simvastatin on serum levels of sTNF-RI. De-
spite significant decreases in both total and LDL-cholesterol
levels, sTNF-RI concentrations remained unchanged in
both study groups, indicating that treatment with simvastatin
has no effect on tumor necrosis factor system activation. Al-
though there is a growing number of studies demonstrating
the anti-inflammatory effects of statins, most of them inves-
tigated the properties of either pravastatin [12–14, 28],
lovastatin [29], or cerivastatin [30]. Data concerning the in-
fluence of simvastatin on the inflammatory response are
sparse and often contradictory. In some studies simvastatin
was found to reduce cytokines concentrations in human
plasma [31, 32], while other studies demonstrated that it had
no effect on the production of cytokines by monocytes [33]
or even enhanced it [34]. In our previous study [35] we
found that simvastatin did not influence plasma interleukin 6
levels in hypercholesterolaemic subjects. It is possible that
different hydroxy-methylglutaryl coenzyme A reductase in-
hibitors, despite their common lipid-lowering mechanism of
action, may vary greatly in their influence on inflammatory
processes. These differences may result from their distinct
pharmacokinetic properties [36]. On the other hand, the im-
munologic response involves a number of cytokines, growth
factors, and vasoregulatory molecules that interact in numer-
ous positive and negative feedback mechanisms. Factors in-
fluencing one particular cytokine may therefore have no, or
even contradictory effects, on other components of the sys-
tem. The possibility cannot be ruled out that a 12-week
course of treatment with simvastatin was not long enough to
exert a significant influence on the tumor necrosis factor sys-
tem, despite the reduction in serum cholesterol levels. It is
noteworthy that although several of the non-lipid mecha-
nisms of action of statin drugs are apparent within the first
weeks of therapy [37], much longer treatment is necessary to
yield an improvement in mortality and morbidity [8]. To the
best of our knowledge, this is the first study to investigate the
influence of simvastatin treatment on soluble tumor necrosis
factor receptor I levels. For a better assessment of the anti-
inflammatory properties of hydroxy-methylglutaryl coenzy-
me A reductase inhibitors, further detailed studies are re-
quired.

In conclusion, we found that soluble tumor necrosis factor
receptor I levels are increased in patients with hyperchol-
esterolaemia and angina pectoris. 3-months therapy with
simvastatin was shown to have no effect on sTNF-RI con-
centrations in hypercholesterolaemic subjects with, or with-
out, ischaemic heart disease.

References:

1. Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s.
Nature 1993; 362: 801–9.

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

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

4. Neumann FJ, Ott I, Gawaz M, Richardt G, Holzapfel H, Jochum M,
Schömig A. Cardiac release of cytokines and inflammatory responses in acute
myocardial infarction. Circulation 1995; 92: 748–55.

5. Ridker PM, Rifai N, Pfeffer MA, Sacks FM, Moye LA, Goldman S, Flaker
GC, Braunwald E. Inflammation, pravastatin, and the risk of coronary events
after myocardial infarction in patients with average cholesterol levels. The
Cholesterol and Recurrent Events (CARE) Investigators. Circulation 1998;
98: 839–44.

6. Haverkate F, Thompson SG, Pyke SD, Gallimore JR, Pepys MB. Production
of C-reactive protein and risk of coronary events in stable and unstable an-
gina. European Concerted Action on Thrombosis and Disabilities Angina
Pectoris Study Group. Lancet 1997; 349: 462–6.

7. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH, Inflam-
mation, aspirin, and the risk of cardiovascular disease in apparently healthy
men. N Engl J Med 1997; 336: 973–9.

8. Randomised trial of cholesterol lowering in 4444 patients with coronary heart
disease: the Scandinavian Simvastatin Survival Study (4S). Lancet 1994; 344:
1383–9.

9. Prevention of cardiovascular events and death with pravastatin in patients
with coronary heart disease and a broad range of initial cholesterol levels. The
Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID)
Study Group. N Engl J Med 1998; 339: 1349–57.

10. Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, Macfarlane PW,
McKillop JH, Packard CJ. Prevention of coronary heart disease with
pravastatin in men with hypercholesterolemia. West of Scotland Coronary
Prevention Study Group. N Engl J Med 1995; 333: 1301–7.

11. Downs JR, Clearfield M, Weis S, Whitney E, Deborah R, Shapiro DR, Beere
PA, Langendorfer A, Stein EA, Kruyer W, Gotto AM Jr. Primary prevention of
acute coronary events with lovastatin in men and women with average choles-
terol levels: results of AFCAPS/TexCAPS. Air Force/Texas Coronary Athero-
sclerosis Prevention Study. J Am Med Assoc 1998; 279: 1615–22.

12. Ridker PM, Rifai N, Pfeffer MA, Sacks F, Braunwald E. Long-term effects of
pravastatin on plasma concentration of C-reactive protein. The Cholesterol
and Recurrent Events (CARE) Investigators. Circulation 1999; 100: 230–5.

13. Williams JK, Sukhova GK, Herrington DM, Libby P. Pravastatin has choles-
terol-lowering independent effects on the artery wall of atherosclerotic mon-
keys. J Am Coll Cardiol 1998; 31: 684–91.

14. Shiomi M, Ito T, Tsukada T, Yata T, Watanabe Y, Tsujita Y, Fukami M,
Fukushige J, Hosokawa T, Tamura A. Reduction of serum cholesterol levels
alters lesional composition of atherosclerotic plaque. Effect of pravastatin so-
dium on atherosclerosis in mature WHHL rabbits. Arterioscler Thromb Vasc
Biol 1995; 15: 1938–44.

15. Ross R. The pathogenesis of atherosclerosis – an update. N Engl J Med 1986;
314: 488–500.

16. Schall TJ, Lewis M, Koller KJ, Lee A, Rice GC, Wong GH, Gatanaga T,
Granger GA, Lentz R, Raab H. Molecular cloning and expression of a
receptor for human tumor necrosis factor. Cell 1990; 61: 361–70.

17. Loetscher H, Pan YC, Lahm HW, Gentz R, Brockhaus M, Tabuchi H,
Lesslauer W. Molecular cloning and expression of the human 55-kDa tumor
necrosis factor receptor. Cell 1990; 61: 351–9.

18. Engelmann H, Novick D, Wallach D. Two tumor necrosis factor-binding pro-
teins purified from human urine. Evidence for immunological cross-reactiv-
ity with cell surface tumor necrosis factor receptors. J Biol Chem 1990; 265:
1531–6.

19. Nophar Y, Kemper O, Brakebusch C, Engelmann H, Zwang R, Aderka D,
Holtmann H, Wallach D. Soluble forms of tumor necrosis factor receptors
(TNF-Rs). The cDNA for the type I TNF-R, cloned using amino acid se-
quence data of its soluble form, encodes both the cell surface and a soluble
form of the receptor. EMBO J 1990; 9: 3269–78.

20. Ythier A, Gascon MP, Juillard P, Vasin C, Wallach D, Gran GE. Protective ef-
fect of natural TNF-binding protein on human TNF-induced toxicity in
mice. Cytokine 1993; 5: 459–62.

21. Porteu F, Nathan C. Shedding of tumor necrosis factor receptors by activated
human neutrophils. J Exp Med 1990; 172: 599–607.

22. Aderka D, Engelmann H, Maor Y, Brakebusch C, Wallach D. Stabilization of
the bioactivity of tumor necrosis factor by its soluble receptors. J Exp Med
1992; 175: 323–9.

23. De Groote D, Gran GE, Dehart I, Franchimont P. Stabilisation of functional
tumor necrosis factor-alpha by its soluble TNF receptors. Eur Cytokine
Netw 1993; 4: 359–62.

24. Van der Poll T, Jansen J, Van Leenen D, Von der Mohlen M, Levi M, Ten Cate
H, Gallati H, Ten Cate JW, Van Deventer SJ. Release of soluble receptors for
tumor necrosis factor in clinical sepsis and experimental endotoxemia. J In-
fect Dis 1993; 168: 955–60.

25. Girardin E, Roux-Lombard P, Grau GE, Suter P, Gallati H, Dayer JM. Imbal-
ance between tumor necrosis factor-a and soluble TNF receptor concentra-
tions in severe meningococcemia. The J5 Study Group. Immunology 1992;
76: 20–3.

26. Testa M, Yeh M, Lee P, Raffaele F, Loperfido F, Berman JW. Circulating levels
of cytokines and their endogenous modulators in patients with mild to severe



J Clin Basic Cardiol 2005; 8: 68

congestive heart failure due to coronary artery disease or hypertension. J Am
Coll Cardiol 1996; 28: 964–71.

27. Porsch-Oezçueruemez M, Kunz D, Kloer H., Luley C. Evaluation of serum
levels of soluble adhesion molecules and cytokine receptors in coronary heart
disease. J Am Coll Cardiol 1999; 34: 1995–2001.

28. Rosenson RS, Tangney CC, Casey LC. Inhibition of proinflammatory
cytokine production by pravastatin. Lancet 1999; 353: 983–4.

29. Terkeltaub R, Solan J, Barry M Jr, Santoro D, Bokoch GM. Role of the
mevalonate pathway of isoprenoid synthesis in IL-8 generation by activated
monocytic cells. J Leukoc Biol 1994; 55: 749–55.

30. Shiomi M, Ito T. Effect of cerivastatin sodium, a new inhibitor of HMG-CoA
reductase, on plasma lipid levels, progression of atherosclerosis, and the
lesional composition in the plaques of WHHL rabbits. Br J Pharmacol 1999;
126: 961–8.

31. Verheggen P, De Maat M, Haverkate F, Cats VM. Use of HMG-CoA reduct-
ase inhibitors is associated with lower plasma interleukin-6 levels and favour-
able cardiac course in unstable angina. J Am Coll Cardiol 1998; 31 (suppl. A):
318A.

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

33. Fukuo Y, Nagashima M, Soya-Ohmura N, Tagaki S, Terashi A, Ikejima T.
Effects of an HMG-CoA reductase inhibitor on cytokine production by hu-
man monocytes/macrophages. Nippon Ika Daigaku Zasshi 1995; 62: 386–90.

34. Kiener PA, Davis PM, Murray JL, Youssef S, Rankin BM, Kowala M. Charac-
terization of the differences in the pro-inflammatory effects of HMG-CoA
reductase inhibitors. Official abstracts of the European Atherosclerosis Soci-
ety, 70th EAS Congress, Geneva, Switzerland, 1998 September 6–9.

35. Deskur-Smielecka E, Wykrêtowicz A, Kempa M, Furmaniuk J, Wysocki H.
The influence of short-term treatment with simvastatin on the inflammatory
profile of patients with hypercholesterolaemia. Coron Artery Dis 2001; 12:
143–8.

36. Serajuddin AT, Ranadive SA, Mahoney EM. Relative lipophilicities,
solubilities, and structure-pharmacological considerations of 3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors pravastatin,
lovastatin, mevastatin, and simvastatin. J Pharm Sci 1991; 80: 830–4.

37. De Divitiis M, Rubba P, Di Somma S, Liguori V, Galderisi M. Effects of short-
term reduction in serum cholesterol with simvastatin in patients with stable
angina pectoris and mild to moderate hypercholesterolemia. Am J Cardiol
1996; 78: 763–8.



Mitteilungen aus der Redaktion

Haftungsausschluss

Die in unseren Webseiten publizierten Informationen richten sich ausschließlich an geprüfte 
und autorisierte medizinische Berufsgruppen und entbinden nicht von der ärztlichen Sorg-
faltspflicht sowie von einer ausführlichen Patientenaufklärung über therapeutische Optionen 
und deren Wirkungen bzw. Nebenwirkungen. Die entsprechenden Angaben werden von den 
Autoren mit der größten Sorgfalt recherchiert und zusammengestellt. Die angegebenen Do-
sierungen sind im Einzelfall anhand der Fachinformationen zu überprüfen. Weder die Autoren, 
noch die tragenden Gesellschaften noch der Verlag übernehmen irgendwelche Haftungsan-
sprüche.

Bitte beachten Sie auch diese Seiten:

Impressum Disclaimers & Copyright Datenschutzerklärung

e-Journal-Abo
Beziehen Sie die elektronischen Ausgaben dieser Zeitschrift hier.

Die Lieferung umfasst 4–5 Ausgaben pro Jahr zzgl. allfälliger Sonderhefte.

Unsere e-Journale stehen als PDF-Datei zur Verfügung und sind auf den meisten der markt-
üblichen e-Book-Readern, Tablets sowie auf iPad funktionsfähig.

 Bestellung e-Journal-Abo

Besuchen Sie unsere
zeitschriftenübergreifende Datenbank

 Bilddatenbank  Artikeldatenbank  Fallberichte

http://www.kup.at/impressum/index.html
http://www.kup.at/impressum/disclaimer.html
http://www.kup.at/impressum/datenschutz.html
http://www.kup.at/cgi-bin/gratis-abo.pl
http://www.kup.at/db/abbildungen.html
http://www.kup.at/db/index.html
http://www.kup.at/db/index.html
http://www.kup.at/abo/index.html

