a
Ther py

Journal of

&

ll Science
Ce

Journal of Cell Science & Therapy

ISSN: 2157-7013

Howerton and Tarzami, J Cell Sci Ther 2017, 8:2
DOI: 10.4172/2157-7013. 1000268

Open Access

Review Article

Tumor Necrosis Factor-Alpha and Inflammation-Mediated Cardiac Injury
Edna Howerton1 and Sima T Tarzami2*
1Cardiovascular
2Department

Research Center, Icahn School of Medicine at Mount Sinai, New York, N.Y.10128 USA

of Physiology and Biophysics, College of Medicine, Howard University, Washington, D.C. 20060 USA

*Corresponding

author: Sima T Tarzami, Associate Professor, Department of Physiology & Biophysics, College of Medicine, 520 W Street, NW, Suite 22420,
Washington DC 20059, USA, Tel: 202-806-5269; E-mail: sima.tarzami@howard.edu
Rec Date: Apr 03, 2017, Acc Date: Apr 27, 2017, Pub Date: Apr 29, 2017

Copyright: © 2017 Howerton E, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited

Abstract
Experimental evidence is accumulating implicating a major role for inflammatory activation in chronic heart failure.
Levels of pro-inflammatory protein mediators, such as tumor necrosis factor-alpha (TNF-α), a pro inflammatory
cytokine, have been shown to be elevated in heart failure patients and appear to be directly related to pathological
changes in the myocardium. Unfortunately, outcomes from clinical trials using anti-cytokine therapies to chronic
heart failure patients have been largely disappointing. TNF-α is a pleiotropic cytokine, impacting tissues in a
complex manner that regulates many physiological and pathological processes that can trigger differentiation,
inflammation, and cell death. TNF-α is important in initiating and regulating the cytokine cascade during an
inflammatory response. Most of the studies focused on the TNF-α as an immune mediator but its function in cardiac
cells is not well defined. This review focuses on the role of TNF-α in acute and/or chronic cardiac conditions. We will
discuss the problem with the current anti-cytokine therapies and potential problems underlying their lack of success
so far.
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Introduction
Inflammation and heart disease
Evidence is accumulating that there are number of age-related
changes that make older people at higher risk for heart problems [1].
Cardiovascular disease has become the major cause of death, disability,
and accounts for the large portion of healthcare costs in the US [2-4].
Chronic heart failure represents a major public health burden and its
development and progression is associated with elevations in
circulating markers of inflammation [5]. Although, it is not clear what
causes age-associated chronic inflammation, both experimental and
clinical evidence accumulated within the past decade, linking the
chronic inflammation to the development and progression of chronic
heart failure. Indeed, inflammation has been identified as a
cardiovascular risk factor; therefore, treatments to lessen the
inflammation and inflammation-associated cardiac damage could have
significant health and fiscal impact [6-9]. Herein we review the
participation of TNF-α, the "master regulator" of the immune
response, as key components of the immunemediated inflammation
and injury in acute and chronic heart conditions and will also explore
the delicate balance between the protective roles of TNF-α and its
damaging functions during the development and progression of heart
disease.

Inflammatory markers
Cytokines are multifunctional proteins that play an important role
in cell-to-cell communication. TNF-α is a pleiotropic cytokine that
regulate a number of physiological and pathological processes, such as
inflammation, development, differentiation, and cell death [10-14].

J Cell Sci Ther, an open access journal
ISSN: 2157-7013

Increased expression of proinflammatory cytokines such as TNF-α,
interleukin (IL)-1, IL-6, IL-8, IL-12 and interferon (INF)-γ have been
reported in chronic inflammatory diseases like rheumatoid arthritis
(RA), inflammatory bowel disease, psoriasis, and so forth [15]. The key
role of TNF-α in the pathogenesis of the RA and other inflammatory
disease was tested in patients using agents that block its biological
activity such as Infliximab and Etanercept, with a favorable outcome
[16,17]. Among the reported side effects associated with TNF-α
inhibition in treatment of RA were infections, lymphoma and
congestive heart failure in which the opportunistic infections e.g.
Tuberculosis has the highest number of cases (FDA report on adverse
events of TNF inhibition by Arthritis advisory committee) [18]. The
success of anti-TNF-α therapy was attributed to the deactivation of the
soluble TNF-α, which resulted in diminished recruitment of
inflammatory cells in the peripheral blood and joints of patients with
RA. Even though, the development of the anti-TNF therapies was a
milestone in the therapy of RA, based on the results of the observed
side effects and mortality in patients on anti-TNF therapy it was
recommended that patients with congestive heart failure might not be
treated with either infliximab or with etanercept.

TNF-α and cardiac injury
The role of TNF-α as a mediator of immune response has long been
studied but its function in most cell type i.e. cardiac myocyte is still
unclear, even though, TNF-α-activated signal transduction pathways
have been postulated to contribute to adverse ventricular remodeling
after myocardial infarction and to be a major contributor during the
development and progression of heart failure [19,20]. TNF-α was
identified in 1975 as soluble factor that causes necrosis of tumors [21].
TNF-α has also been referred to as cachectin or differentiation
inducing factor (DIF), exists in two bioactive forms: transmembrane
TNF-α (tmTNF-α) and soluble TNF-α (sTNF-α) [22-25].
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TNF-α is produced and secreted by many cell types including:
immune cells, endothelial cells, epithelial cells, smooth muscle cells,
and cardiac myocytes. TNF-α can bind to two receptors; TNF receptor
1 (TNF-R1) (55-kDa) and TNF-R2 (75-kDa) [26-28]. Two distinct
TNF-α receptors are also widely expressed on multiple cell surface:
TNF-R1 assisting most of the activity of TNF-α, is a ubiquitous
membrane receptor that is found in most cell types, however, TNF-R2
is primarily expressed by T cells and endothelial cells [29-31]. TNF-R1
can be activated by either sTNF-α or tmTNF-α, however, TNF-R2 is
preferentially activated by tmTNF-α. Even though, there are some
overlap and cross talk between TNF-R1 and TNF-R2, they are
structurally different; therefore, TNF-α signaling through TNF-R1 and
TNF-R2 can elicit distinct cellular responses depending on the cell.
Binding of TNF-α to TNF-R1 can activate the transcription factor NFκB (nuclear factor kappa-light-chain-enhancer of activated B cells),
regulate cytokine production, and mediate inflammation and/or
apoptosis [32-35].
TNF-α was identified as the mediator of the cardiac inflammatory
responses in patients with acute myocardial infarction [36,37]. In fact,
myocardial TNF-α is an important contributor to myocardial
contractile dysfunction and cardiomyocyte death post myocardial
infarction and in chronic heart failure [20,38]. This was attributed in
part to the fact that the failing heart produces robust quantities of
TNF-α. Indeed, low levels of TNF-α were observed in the heart of
healthy individual, however, TNF-α expression were significantly
increased in patients with end-stage dilated cardiomyopathy (nonischemic) and ischemic heart disease [39]. Moreover, Kapadia et al.
demonstrated that cardiac myocytes and heart residence macrophages
produce high quantity of TNF-α in response to endotoxin [40].
Therefore, accumulating evidence suggests that local myocardial TNFα could be an important regulator of cardiac inflammation and injury.
However, it remains poorly defined about whether TNF-α causes
beneficial or detrimental cardiovascular effects. It has been
demonstrated that chronic infusion of TNF-α in rats produces left
ventricular dilatation and contractile dysfunction. Byrant et al. also
shown that excessive production of TNF-α by cardiac myocytes causes
severe cardiac disease supporting a detrimental effect of TNF-α on
hearts of these transgenic mice, characterized by systolic dysfunction,
cardiac inflammation, ventricular dilatation, congested tissue, and
increased mortality [41]. Supporting data has been provided by
another transgenic line of mice from Feldman’s laboratory,
demonstrating that overproduction of TNF-α by cardiac myocytes was
enough to cause dilated cardiomyopathy [42]. In rat and dog hearts, in
vivo administration of exogenous TNF-α, dose dependently reduced
sarcoplasmic reticulum Ca2+ uptake and myofilament Ca2+ sensitivity
leading to cardiodepressant effects [43]. As a result of extrapolation of
findings from experimental animals, it was assumed that TNF-α is
deleterious and by virtue of its deleterious effects to myocardial
function in humans it can contribute to pathogenesis of heart disease.
However, since in patients with congestive heart failure the increase in
circulating TNF-α was associated with a decrease in myocardial TNF-α
receptors and an increase in soluble TNF alpha receptors. It was also
suggested that increased levels of circulating sTNF-Rs in patients with
heart disease might have protective mechanisms; binding to circulating
TNF-α will neutralize the biological actions of TNF-α and make the
cytokine less active during cardiac injury [39,44]. We also see many
discrepancies in the results of many clinical studies. A significant
correlation between serum cytokine levels, such as TNF-α and IL-6
with the size and the severity of the myocardial infarction was reported
by a number of studies [45,46]. However, other studies have not
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supported the positive relationship between cytokine levels and the
severity of myocardial infarction [47,48]. Whether the TNF-α
upregulation is a protective mechanism in response to tissue injury or
a contributor to the tissue injury via mediating inflammation and
apoptosis still is open discussion. Even though, growing evidence
suggests that TNF-α exerts its adverse effects by binding to its cell
surface receptors; TNF-R1 and TNF-R2, little is known regarding the
level of expression and the role of TNF-α receptors in the heart in
particular during the development and progression of heart disease. It
has been shown that there is a correlation between increased in
circulating sTNF levels and the decreased expression of myocardial
TNF-α receptors that was observed in patients with end stage heart
failure, it was suggested that the elevated sTNF is responsible for the
decrease in TNF-α receptors expression [49]. In murine model of heart
failure, ablation of the TNF-R2 exacerbate heart failure whereas
ablation of TNF-R1 improves survival suggesting that signaling
through TNF-R1 appears deleterious to myocardial function, in
contrast, to signaling through TNF-R2 in which appears to be
cardioprotective [50,51]. More supporting evidence has been published
suggesting the functional significance of TNF-R1 in providing
signaling pathway for the deleterious effects of TNF-α in the adult
mammalian heart. Al-Lamki et al. reported independent regulation
and differential functions of TNFRs in myocardium; they assessed
expression of TNF-α, TNF-α receptors and downstream kinases in
cardiac allografts. Using TNF-R1-knockout and TNF-R2-knockout
mice, they demonstrated that TNF-R1 activates apoptosis signalregulating kinase 1 (ASK1) and mediates cardiomyocyte cell death
whereas TNF-R2 activates Etk (also called Bmx), and -mediates repair
via increasing markers of cell cycle entry [52].

Anti-TNF therapy for HF
Since TNF-α is elevated in the serum of patients with heart failure
[5], and the magnitude of the increase is directly correlated with the
severity of disease, the presence of this potent inflammatory factor at
sites of injury was implicated as a mediator of cardiac disease
pathogenesis Indeed, overproduction of TNF-α by cardiac myocytes is
sufficient to cause pathological changes in the myocardium consistent
with heart failure, including ventricular remodeling, interstitial
fibrosis, and cardiomyocytes apoptosis [6,41]. That makes the TNF-α,
an attractive therapeutic target for treatment of acute and chronic
cardiac conditions. Thus it was postulated that inhibition of TNF-α
may favorably modify the progression of heart failure, however,
randomized trials of anti-TNF-α therapy, infliximab in the ATTACH
(Anti-TNF-α Therapy Against Congestive Heart failure) trial, failed to
show any improvements in patients with moderate-to-severe heart
failure [53]. Result of this study was followed up by unfavorable
outcomes of other anti-TNF-α clinical trials such as the RENEWAL
(RENAISSANCE and RECOVER) [54]. The results of RENEWAL
completely rule out any benefit of etanercept in reducing the number
of death or hospitalization in patients with chronic heart failure. One
interpretation of the lack of efficacy of this approach in these clinical
trials with targeted anti-cytokine therapy in heart failure is that heart
failure is a highly complex syndrome so the assumption that targeting
a single component of the inflammatory cascade without knowing the
cellular origin and the mechanism underlying their chronic expression
is not a sufficient approach and the past clinical trials are the examples
of it. Unlike RAs, for which TNF-α inhibitors show favorable outcome,
heart failure is a complex disease that incorporates many
noninflammatory conditions and the quantitative contributions of
inflammatory and non-inflammatory mediators toward the

Volume 8 • Issue 2 • 1000268

Citation:

Howerton E, Tarzami ST (2017) Tumor Necrosis Factor-Alpha and Inflammation-Mediated Cardiac Injury. J Cell Sci Ther 8: 268. doi:

10.4172/2157-7013. 1000268

Page 3 of 4
pathophysiology of heart failure is still not clear and remains to be
tested. Moreover, since TNF-α is a pleiotropic protein with important
regulatory functions on cardiovascular system, anti-TNF-α therapy
can also inhibits the immunomodulatory effects of TNF-α, which in a
long run can have adverse effects, thus, selective inhibition of TNF-R1
signaling is postulated to be more effective in relieving the deleterious
effects of TNF-α in the adult mammalian heart.
Collectively, these data suggest a link between overproduction of
myocardial TNF-α and pathological changes observed in the
myocardium during acute and chronic heart disease, including
ventricular remodeling, interstitial fibrosis, and cardiomyocytes
apoptosis. It is suggested that TNF-α are elevated in chronic heart
failure patient in accordance with their functional class [49]. Such an
increase was found to have a linear correlation with the prognosis of
chronic heart failure patients [49]. Notably, a concordant reduction in
TNF-α receptors on the cardiac myocytes was noticed in heart failure
patients too, which was attributed to the high circulating levels of
TNF-α. Attempts to integrate TNF-α antagonist as therapeutic
interventions have been suggested, with possible effectiveness for
symptomatic heart failure patients [49]. Yet, variation in expression of
its receptors, TNF-R1 and TNF-R2, and its regulation during cardiac
disease status is not clear and needs to be studied for further
understanding of their potential contributions into pathogenesis of
heart diseases.
To conclude, in this review we have highlighted the contribution of
the chronic inflammation to the development and progression of
chronic heart failure. What is apparent from literature review is that
the full understanding of the related cytokine signaling pathways in the
myocardium during acute and chronic heart disease will be essential
for further understanding of their potential contribution and their
complex biological effects on cardiac damage. Investigation of agents
that interfere with inflammatory cytokine production is needed in
order to enhance our understanding on their potential contributions
into pathogenesis of diseases that are associated with chronic
inflammation.

Acknowledgments

5.
6.

7.

8.
9.
10.
11.
12.
13.
14.
15.

16.

17.
18.

The author apologizes to many colleagues whose work could not be
cited because of space limitations. We would like to thank and
acknowledge the HU-Advance-it society at Howard University for
providing helpful programs i.e. the writing retreats aim at empowering
the manuscript writing process. This publication was supported in part
by Howard University Research Centers in Minority Institutions
(RCMI)-P3 Pilot Project Grant.

20.

References

22.

1.
2.
3.
4.

Lakatta EG, Levy D (2003) Arterial and cardiac aging: major shareholders
in cardiovascular disease enterprises: Part I: aging arteries: a "set up" for
vascular disease. Circulation 107: 139-146.
Tissier R, Berdeaux A, Ghaleh B, Couvreur N, Krieg T, et al. (2008)
Making the heart resistant to infarction: how can we further decrease
infarct size? Front Biosci 13: 284-301.
Yellon DM, Baxter GF (2000) Protecting the ischaemic and reperfused
myocardium in acute myocardial infarction: distant dream or near
reality? Heart 83: 381-387.
Carden DL, Granger DN (2000) Pathophysiology of ischaemiareperfusion injury. J Pathol 190: 255-266.

J Cell Sci Ther, an open access journal
ISSN: 2157-7013

19.

21.

23.
24.

25.

Levine B, Kalman J, Mayer L, Fillit HM, Packer M (1990) Elevated
circulating levels of tumor necrosis factor in severe chronic heart failure.
N Engl J Med 323: 236-241.
Hage C, Michaelsson E, Linde C, Donal E, Daubert JC, et al. (2017)
Inflammatory Biomarkers Predict Heart Failure Severity and Prognosis in
Patients with Heart Failure with Preserved Ejection Fraction: A Holistic
Proteomic Approach. Circ Cardiovasc Genet 10: e001633.
Navarro-Millan I, Yang S, DuVall SL, Chen L, Baddley J, et al. (2016)
Association of hyperlipidaemia, inflammation and serological status and
coronary heart disease among patients with rheumatoid arthritis: data
from the National Veterans Health Administration. Ann Rheum Dis 75:
341-347.
Ye W, Tang X, Yang Z, Liu C, Zhang X, et al. (2017) Plasma-derived
exosomes contribute to inflammation via the TLR9-NF-kappaB pathway
in chronic heart failure patients. Mol Immunol 87: 114-121.
Shirazi LF, Bissett J, Romeo F, Mehta JL (2017) Role of Inflammation in
Heart Failure. Current Atheroscler Rep 19: 27.
Gilbert L, He X, Farmer P, Boden S, Kozlowski M, et al. (2000) Inhibition
of osteoblast differentiation by tumor necrosis factor-alpha.
Endocrinology 141: 3956-3964.
Langen RC, Schols AM, Kelders MC, Wouters EF, Janssen-Heininger YM
(2001) Inflammatory cytokines inhibit myogenic differentiation through
activation of nuclear factor-kappaB. FASEB J 15: 1169-1180.
Ko YG, Lee JS, Kang YS, Ahn JH, Seo JS (1999) TNF-alpha-mediated
apoptosis is initiated in caveolae-like domains. J Immunol 162:
7217-7223.
Bradley JR (2008) TNF-mediated inflammatory disease. J Pathol 214:
149- 160.
Baud V, Karin M (2001) Signal transduction by tumor necrosis factor and
its relatives. Trends Cell Biol 11: 372-377.
Kinugawa T, Kato M, Yamamoto K, Hisatome I, Nohara R (2012)
Proinflammatory cytokine activation is linked to apoptotic mediator,
soluble Fas level in patients with chronic heart failure. Int Heart J 53:
182-186.
Rodgers M, Epstein D, Bojke L, Yang H, Craig D, et al. (2011) Etanercept,
infliximab and adalimumab for the treatment of psoriatic arthritis: a
systematic review and economic evaluation. Health Technol Assess 15:
1-329.
Taylor PC (2001) Anti-TNF therapy for rheumatoid arthritis and other
inflammatory diseases. Mol Biotechnol 19: 153-168.
Antoni C, Braun J (2002) Side effects of anti-TNF therapy: current
knowledge. Clin Exp Rheumatol 20: S152-s157.
Zhang P, Wu X, Li G, He Q, Dai H, et al. (2017) Tumor necrosis factoralpha gene polymorphisms and susceptibility to ischemic heart disease: A
systematic review and metaanalysis. Medicine (Baltimore) 96: e6569.
Ping Z, Aiqun M, Jiwu L, Liang S (2017) TNF Receptor 1/2 Predict Heart
Failure Risk in Type 2 Diabetes Mellitus Patients. Int Heart J 58: 245-249.
Carswell EA, Old LJ, Kassel RL, Green S, Fiore N, et al. (1975) An
endotoxin-induced serum factor that causes necrosis of tumors. Proc Natl
Acad Sci U S A 72: 3666-3670.
Aggarwal BB (2000) Tumour necrosis factors receptor associated
signalling molecules and their role in activation of apoptosis, JNK and
NF-kappaB. Ann Rheum Dis 59: i6-i16.
Chen H, Xiao L, Zhang H, Liu N, Liu T, et al. (2011) The involvement of
beta-actin in the signaling of transmembrane TNF-alpha-mediated
cytotoxicity. J Leukoc Biol 89: 917-926.
Li Q, Li L, Shi W, Jiang X, Xu Y, et al. (2006) Mechanism of action
differences in the antitumor effects of transmembrane and secretory
tumor necrosis factor-alpha in vitro and in vivo. Cancer Immunol
Immunother 55: 1470-1479.
Hu X, Li B, Li X, Zhao X, Wan L, et al. (2014) Transmembrane TNF-alpha
promotes suppressive activities of myeloid-derived suppressor cells via
TNFR2. J Immunol 192: 1320-1331.

Volume 8 • Issue 2 • 1000268

Citation:

Howerton E, Tarzami ST (2017) Tumor Necrosis Factor-Alpha and Inflammation-Mediated Cardiac Injury. J Cell Sci Ther 8: 268. doi:

10.4172/2157-7013. 1000268

Page 4 of 4
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

38.

39.
40.
41.

Schall TJ, Lewis M, Koller KJ, Lee A, Rice GC, et al. (1990) Molecular
cloning and expression of a receptor for human tumor necrosis factor.
Cell 61: 361-370.
Baker E, Chen LZ, Smith CA, Callen DF, Goodwin R, et al. (1991)
Chromosomal location of the human tumor necrosis factor receptor
genes. Cytogenet Cell Genet 57: 117-118.
Santee SM, Owen-Schaub LB (1996) Human tumor necrosis factor
receptor p75/80 (CD120b) gene structure and promoter characterization.
J Biol Chem 271: 21151-21159.
Turner SJ, La Gruta NL, Stambas J, Diaz G, Doherty PC (2004)
Differential tumor necrosis factor receptor 2-mediated editing of virusspecific CD8+ effector T cells. Proc Natl Acad Sci U S A 101: 3545-3550.
Kim EY, Teh HS (2004) Critical role of TNF receptor type-2 (p75) as a
costimulator for IL-2 induction and T cell survival: a functional link to
CD28. J Immunol 173: 4500-4509.
Valencia X, Stephens G, Goldbach-Mansky R, Wilson M, Shevach EM, et
al. (2006) TNF downmodulates the function of human CD4+CD25hi Tregulatory cells. Blood 108: 253- 261.
Saltzman A, Searfoss G, Marcireau C, Stone M, Ressner R, et al. (1998)
hUBC9 associates with MEKK1 and type I TNF-alpha receptor and
stimulates NFkappaB activity. FEBS letters 425: 431-435.
Bouwmeester T, Bauch A, Ruffner H, Angrand PO, Bergamini G, et al.
(2004) A physical and functional map of the human TNF-alpha/NFkappa B signal transduction pathway. Nat Cell Biol 6: 97-105.
Hsu H, Shu HB, Pan MG, Goeddel DV (1996) TRADD-TRAF2 and
TRADD-FADD interactions define two distinct TNF receptor 1 signal
transduction pathways. Cell 84: 299-308.
Jiang Y, Woronicz JD, Liu W, Goeddel DV (1999) Prevention of
constitutive TNF receptor 1 signaling by silencer of death domains.
Science 283: 543-546.
Neumann FJ, Ott I, Gawaz M, Richardt G, Holzapfel H, et al. (1995)
Cardiac release of cytokines and inflammatory responses in acute
myocardial infarction. Circulation 92: 748- 755.
Frangogiannis NG, Lindsey ML, Michael LH, Youker KA, Bressler RB, et
al. (1998) Resident cardiac mast cells degranulate and release preformed
TNF-alpha, initiating the cytokine cascade in experimental canine
myocardial ischemia/reperfusion. Circulation 98: 699-710.
Meldrum DR, Cleveland JC, Cain BS, Meng X, Harken AH (1998)
Increased myocardial tumor necrosis factor-alpha in a crystalloidperfused model of cardiac ischemia-reperfusion injury. Ann Thorac Surg
65: 439-443.
Torre-Amione G, Kapadia S, Lee J, Durand JB, Bies RD, et al. (1996)
Tumor necrosis factor-alpha and tumor necrosis factor receptors in the
failing human heart. Circulation 93: 704-711.
Kapadia S, Lee J, Torre-Amione G, Birdsall HH, Ma TS, et al. (1995)
Tumor necrosis factoralpha gene and protein expression in adult feline
myocardium after endotoxin administration. J Clin Invest 96: 1042-1052.
Bryant D, Becker L, Richardson J, Shelton J, Franco F, et al. (1998)
Cardiac failure in transgenic mice with myocardial expression of tumor
necrosis factor-alpha. Circulation 97: 1375-1381.

J Cell Sci Ther, an open access journal
ISSN: 2157-7013

42.
43.

44.
45.
46.
47.
48.
49.

50.

51.

52.
53.

54.

Feldman AM, Combes A, Wagner D, Kadakomi T, Kubota T, et al. (2000)
The role of tumor necrosis factor in the pathophysiology of heart failure. J
Am Coll Cardiol 35: 537-544.
Tsai CT, Wu CK, Lee JK, Chang SN, Kuo YM, et al. (2015) TNF-alpha
down-regulates sarcoplasmic reticulum Ca(2)(+) ATPase expression and
leads to left ventricular diastolic dysfunction through binding of NFkappaB to promoter response element. Cardiovasc Res 105: 318-329.
Ferrari R, Bachetti T, Confortini R, Opasich C, Febo O, et al. (1995)
Tumor necrosis factor soluble receptors in patients with various degrees
of congestive heart failure. Circulation 92: 1479-1486.
Maury CP, Teppo AM (1989) Circulating tumour necrosis factor-alpha
(cachectin) in myocardial infarction. J Intern Med 225: 333-336.
Ikeda U, Ohkawa F, Seino Y, Yamamoto K, Hidaka Y, et al. (1992) Serum
interleukin 6 levels become elevated in acute myocardial infarction. J Mol
Cell Cardiol 24: 579-584.
Basaran Y, Basaran MM, Babacan KF, Ener B, Okay T, et al. (1993) Serum
tumor necrosis factor levels in acute myocardial infarction and uns
angina pectoris. Angiology 44: 332-337.
Deten A, Volz HC, Briest W, Zimmer HG (2002) Cardiac cytokine
expression is upregulated in the acute phase after myocardial infarction.
Experimental studies in rats. Cardiovasc Res 55: 329-340.
Heberto Herrera Garza E, Herrera Garza JL, Rodriguez Gonzalez H,
Trevino Trevino A, Ibarra Flores M (2002) Importance of tumor necrosis
factor-alpha in the pathogenesis of heart failure. Revista espanola de
cardiologia 55: 61-66.
Hamid T, Gu Y, Ortines RV, Bhattacharya C, Wang G, et al. (2009)
Divergent tumor necrosis factor receptor-related remodeling responses in
heart failure: role of nuclear factorkappaB and inflammatory activation.
Circulation 119: 1386-1397.
Higuchi Y, McTiernan CF, Frye CB, McGowan BS, Chan TO, et al. (2004)
Tumor necrosis factor receptors 1 and 2 differentially regulate survival,
cardiac dysfunction, and remodeling in transgenic mice with tumor
necrosis factor-alpha-induced cardiomyopathy. Circulation 109:
1892-1897.
Al-Lamki RS, Brookes AP, Wang J, Reid MJ, Parameshwar J, et al. (2009)
TNF receptors differentially signal and are differentially expressed and
regulated in the human heart. Am J Transplant 9: 2679-2696.
Chung ES, Packer M, Lo KH, Fasanmade AA, Willerson JT (2003)
Randomized, double-blind, placebo-controlled, pilot trial of infliximab, a
chimeric monoclonal antibody to tumor necrosis factor-alpha, in patients
with moderate-to-severe heart failure: results of the anti-TNF Therapy
Against Congestive Heart Failure (ATTACH) trial. Circulation 07:
3133-3140.
Mann DL, McMurray JJ, Packer M, Swedberg K, Borer JS, et al. (2004)
Targeted anticytokine therapy in patients with chronic heart failure:
results of the Randomized Etanercept Worldwide Evaluation
(RENEWAL). Circulation 109: 1594-602.

Volume 8 • Issue 2 • 1000268

