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Abstract 

The inflammatory response is an immunobiological defense mechanism triggered by damage to living tissues. Inflammation 

plays a crucial role in pathogenesis of atherosclerosis and vascular disease. Inflammatory response is the main player in the 

initiation and progression of atherosclerosis, which in turn leads to occlusion of coronary arteries inducing ischaemic events 

finally causing injury and consequent death of cardiomyocytes. Despite decades long improvements in diagnosing and 

treatment of coronary heart disease, questions about how to prevent and/or stop ventricular remodeling in post Myocardial 

infarction still rises. This paper discusses some recent findings and the role of some inflammatory biomarkers, namely C-

reactive protein and TBK1 in Myocardial Infarction and their impact in post myocardial infarction ventricular remodeling 

due to prolonged inflammatory response. Deeper understanding the role of TBK1 in the inflammatory response post 

myocardial infarction could be of significant importance to the design of novel therapeutic strategies targeting the resolution 

of prolonged inflammatory response which takes place post myocardial infarction leading to ventricular remodeling and 

impaired ventricular function. 
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Introduction 
Acute Myocardial Infarction (AMI) is one of the 

major causes of morbidity and mortality in 

industrialized countries. Despite the considerable 

progress over the past decades, in the 

understanding of its pathophysiologic mechanisms, 

as well as in its treatment at the acute stage, AMI 

still carries a great burden to the affected 

individuals, diminishing significantly the quality of 

life, and to the health care system.  

Acute myocardial infarction results in the 

activation of the acute phase response-the 

mobilization and recruitment of leukocytes to the 

site of infracted myocardium. Furthermore, 

myocardium that is remote from ischemic zones 

have also been associated with the activation of 

pro-inflammatory pathways and infiltration of 

leukocytes. These responses are increasingly 

recognized as important in post-infarct ventricular 

remodeling [1]. Ventricular remodeling is the 

process by which ventricular size, shape, and 

function are regulated by mechanical, neuro-

hormonal, and genetic factors [2, 3]. Remodeling 

may be physiological and adaptive during normal 

growth or pathological due to myocardial 

infarction, cardiomyopathy, hypertension, or 

valvular heart disease [4]. 

 

Inflammation 

Inflammation is a protective immuno-vascular  

 

 

response that involves immune cells, blood vessels, 

and molecular mediators; it is part of the complex 

biological response of vascular tissues to harmful 

stimuli. 

It is a non-specific, first-line body defense response 

to cell injury. Given that the response is the same 

regardless of the nature of the agent of cell injury. 

As inflammation is in response to cell injury, the 

magnitude of the response depends on the degree of 

damage. The purpose of inflammation is to quickly 

eliminate the initial cause of injury, stop further cell 

damage, clear out necrotic cells and damaged 

tissues to enable completion of the healing process. 

If the harmful stimuli persists, the inflammatory 

response becomes chronic preventing the 

completion of tissue repair, thus causing the 

inflammatory process to continue leading to further 

tissue damage. 

 

C-reactive protein 
C-reactive protein (CRP) is an acute-phase serum 

protein and a member of the pentraxin protein 

family. CRP is a phylogenetically highly conserved 

plasma protein that participates in the systemic 

response to inflammation. Its plasma concentration 

rises during inflammatory states, a characteristic 

that has long been employed for clinical purposes. 

Its physiological role is to bind to phosphocholine 

expressed on the surface of dead or dying cells in 
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order to activate the complement system via the 

First Complement Component, Subcomponent Q 

(C1Q) complex [5]. 

Inflammatory markers such as CRP, increase 

manifold in response to infection and tissue damage 

and in active diseases states. However, variations 

within the reference range predict the onset of 

health events, such as cardiovascular disease and 

disability, in individuals without an obvious 

inflammatory stimulus [6]. 

Innumerous studies have shown CRP to be risk 

factor and predictor of future cardiovascular events. 

Individuals who have CRP results at the high end 

of the normal range have 1.5 to 4 times the risk of 

experiencing a heart attack as those with hs-CRP 

values at the low end of the normal range. 

Lowering of C-reactive protein is associated with a 

reduction in cardiovascular risk.  

C-reactive protein is no longer simply a marker, but 

is increasingly considered as a mediator of 

cardiovascular disease. C-reactive protein 

originates in the liver and its production is 

stimulated by systemic cytokines (IL-1b, IL-6). 

Following Acute Myocardial Infarction, serum C-

reactive protein increases following cytokines 

activation and binds to the damaged myocardial 

cells. Further, it stimulates the complement 

cascade, which may finally increase the MI size, 

worsening the overall post-MI outcomes [7-9]. 

These events suggest that C-reactive protein is not 

only a sensible inflammatory marker, but should 

also be considered as a direct inflammatory 

promoter with pro-atherogenic and pro-thrombotic 

properties [10, 11, 12]. In fact, C-reactive protein 

has been shown to be directly correlated to the 

early and late post-MI morbidity and mortality [13, 

14]. 

Although C-reactive protein is a sensitive marker of 

inflammation, an elevated C-reactive protein value 

is not specific for any condition, for example, statin 

therapy, besides lowering LDL cholesterol, also 

reduces both C-reactive protein levels and 

cardiovascular risk. Another example is the effect 

that exercising has on CRP levels. 

 

TANK-Binding Kinase 1 (TBK1)  
Recently, an increasing number of studies have 

focused on inflammatory diseases. TANK-Binding 

Kinase 1 (TBK1), also called NF-kB-activating 

kinase (NAK) and tumor necrosis factor 

receptor−associated factor 2-associated kinase 

(T2K), is a serine/threonine-protein kinase that is 

encoded by the TBK1 gene, which regulates 

antiviral defense, host-virus interaction, and 

immunity. Interestingly, high levels of active TBK1 

have also been found to be associated with 

inflammatory diseases, indicating that TBK1 is 

closely related to inflammatory responses [14]. 

TBK1 has the ability to regulate the expression of 

inflammatory mediators such as IL-6, TNF-α, and 

IFN-β [15, 16, 17]. Taken together, these findings 

suggest that TBK1 acts as a critical player in 

various immuno-biological and immuno-

pathological events, especially inflammatory 

responses [10].  

Nuclear factor kappa-light-chain-enhancer of 

activated B cells (NF-κB) and Interferon regulatory 

factor 3 (IRF-3) activated by various TLRs are the 

major transcription factors involved in the 

induction of inflammatory mediators, such as NO, 

PGE2, and IFN-β. TBK1 is involved in both of 

these signaling pathways [18, 19, 20]. Following 

activation of TLRs, TBK1 assembles with TRAF3 

and TANK to phosphorylate IRF-3, -5, and -7 at 

multiple serine and threonine residues [21, 22, 23]. 

These IRFs ultimately heterodimerize and 

translocate into the nucleus, where they induce 

expression of pro-inflammatory genes such as IFN-

α/β [24, 25].  

Macrophages are one of the major regulators of the 

inflammation processTBK1 is involved in the 

TLR3 and TLR4 signaling pathways in 

macrophages, acting as the central kinase directly 

related to the production of pro-inflammatory 

cytokines, such as interferon α/β, IP-10 [26-28]. 

A great number of studies have reported that TBK1 

plays pivotal roles in inflammatory diseases, 

including atherosclerosis. These cumulative studies 

may provide the essential clues and insights needed 

for the development of therapeutic strategies 

against the various diseases involving TBK1 [29]. 

Established the significant role of TBK1 in 

inflammation, an increasing number of compounds 

that target TBK1 for the treatment of inflammatory 

diseases have been synthesized. For example, 

MRT67307 has successfully suppressed TBK1 

activity with high specificity, without inhibiting 

other kinases. 

 

Myocardial Infarction 

Atherosclerosis as a persistent arterial disease is 

characterized by an imbalanced lipid metabolism 

and maladaptive immune response, resulting in 

subendothelial lipoprotein retention and endothelial 

activation with continuous migration of leukocytes 

and smooth muscle cells to the inflamed intima [30, 

31]. 

Atherosclerosis is considered to be in the genesis of 

plaque formation, it’s well known that it plays an 

important role in the weakening of the fibrous cap 

of the advanced plaque, eventually inducing plaque 

rupture and acute coronary syndromes. The plaque 

rupture can cause the artery occlusion and if so, the 

blood flow to the myocardium is compromised 
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resulting in myocardial necrosis in a clinical setting 

consistent with acute myocardial ischaemia [32]. 

An intense organized inflammatory response with 

release of inflammatory cytokines, platelet 

activation and leukocytosis is triggered after 

myocardial ischemia and necrosis, this 

inflammatory response mediates the healing and 

scar formation leading ventricular remodeling. 

 

Ventricular remodeling 
Sudden coronary artery occlusion results in 

ischemic related death of cardiomyocytes [33]. The 

inflammatory response and cytokine release are 

essential components of the host response to acute 

myocardial infarction, and play an essential role in 

cardiac repair [34]. The initial remodeling phase 

after a myocardial infarction results in repair of the 

necrotic area and myocardial scarring that may, to a 

magnitude, be considered beneficial since there is 

an improvement in or maintenance of left 

ventricular function and cardiac output. Over time, 

however, the persistent activation of a variety of 

inflammatory molecules and pathways, such as the 

complement system, T cells, and the formation of 

auto-antibodies causes the heart to undergo 

remodeling, ventricular mass and volume increase, 

adversely affecting cardiac function.  

Inflammation is the cornerstone of the post-MI 

healing process, participating in the physiological 

myocardial scar formation. However, in the case of 

an exuberant inflammatory reaction, the extent of 

the primary ischaemically damaged myocardial 

tissue may paradoxically increase, altering the 

long-term prognosis. Coronary angiography and 

percutaneous coronary intervention (PCI) have 

become the best modalities for the detection and 

the treatment of AMI. PCI provokes plaque 

fissuring leading to a vessel wall infiltration of 

lymphocytes and macrophages, both responsible 

for the post-PCI local vascular inflammatory 

response [35].  

Frangogiannis et al [36] states that myocardial 

necrosis induces complement activation and free 

radical generation, triggering a cytokine cascade 

initiated by Tumor Necrosis Factor (TNF)-α release. 

The initiation of reperfusion of the infarcted area is 

attended by an intense inflammatory reaction. 

Interleukin (IL)-8 synthesis and C5a activation 

have a crucial role in recruiting neutrophils in the 

ischemic and reperfused myocardium. 

A number of strategies have been suggested to 

diminish the harm caused by these inflammatory 

events but most have failed [37, 38]. The systemic 

administration of corticosteroids was shown to 

decrease infarct size in a canine model of 

experimental myocardial infarction [39]. This 

evidence led to a clinical study using 

methylprednisolone to treat patients with acute 

myocardial infarction, however the results of the 

trial were catastrophic, leading to an increased 

incidence of ventricular arrhythmias and extending 

infarct size [40] 

Subsequent investigations suggested that 

corticosteroids inhibit the inflammatory process by 

decreasing the number of infiltrating leukocytes, 

but its effect also delays healing and collagen 

deposition [41]. At this stage there is a need for a 

better understanding of the events associated with 

myocardial ischemia at cellular and molecular 

levels in order to develop more site-specific 

interventions that could alleviate inflammatory 

response. 

 

Conclusion 
Various studies have pointed Inflammation as a 

major player in the pathogenesis of atherosclerosis, 

inflammation is also responsible for the weakening 

and rupture of fibrous plaque cap, leading to 

ischemia and consequently to acute coronary 

syndrome. Again inflammation plays an important 

role in cardiac repair and formation scar tissue, 

initiating cardiac remodeling.  

We present a prospective analysis of the association 

between circulating levels of inflammatory markers, 

specifically CRP and TBK1 during atherosclerosis, 

Myocardial infarction and post-MI cardiac 

remodeling. Recently, potential and promising 

studies in the role of TBK1 in inflammatory 

response show that in inhibiting TBK1, there is a 

significant attenuation in the inflammatory 

response. However the lack clinical data to support 

these findings in Acute Myocardial Infarction and 

post-MI requires further research. We are currently 

in the process of asserting the correlation between 

the levels of these two inflammatory markers in 

Myocardial Infarction patients. 

 

Abbreviation 
TBK1: TANK-Binding Kinase 1 

AMI: Acute Myocardial Infarction 

MI: Myocardial Infarction 

CRP: C-Reactive Protein 

IL: Interleukin 

TNF: Tumor Necrosis Factors 

IFN: Interferon 

IRF: Interferon Regulatory Factor 

TLRs: Toll-like Receptors 

NO: Nitric Oxide 

TRAF3: TNF Receptor-Associated Factor 3 

PCI: Percutaneous Coronary Intervention 

TANK: TRAF (TNF (Tumor Necrosis Factor) 

(Receptor-Associated Factor) 

NAK: NF-κB Activating Kinase 

PGE2: Prostaglandin E2 

39 



References 
[1] Dan LL, Anthony SF, Dennis LK, Stephen LH, Jameson 

JL, Joseph L. Harrison's Principles of Internal Medicine, 18th 

Edition 

[2] Pfeffer MA, Braunwald E. Ventricular remodeling after 
myocardial infarction: experimental observations and clinical 

implications. Circulation 1990; 81:1161–1172. 

[3]  Helal SU, Nuri RP, Baseer MA, Rahman A. Comparison of the 
outcomes of operative versus non-operative treatments for 

thoraco-lumbar fractures with neurological deficit. Sci Lett 

2015; 3(2):62-63. 
[4] Sutton M, Sharpe N. Left Ventricular Remodeling After 

Myocardial Infarction: Pathophysiology and Therapy. 

Circulation 2000; 101: 2981-2988. 
[5] Thompson D, Pepys MB, Wood SP. The physiological structure 

of human C-reactive protein and its complex with 

phosphocholine. Structure. 1999; 7:169-77. 
[6] Il'yasova D. Circulating Levels of Inflammatory Markers and 

Cancer Risk in the Health Aging and Body Composition 

Cohort. Cancer Epidemiol Biomarkers Preven 2005; 14:2413-

2418. 

[7]  Paoletti R. Inflammation in Atherosclerosis and Implications 
for Therapy. Circulation 2004; 109:20-26. 

[8] Barrett T. C-Reactive-Protein-Associated Increase in 

Myocardial Infarct Size after Ischemia/Reperfusion. J 
Pharmacol Exp Therap 2002; 303:1007-1013. 

[9] Pietlla K, Harmoinen A, Jokiniitty J. Pasternack A. Serum C-

reactive protein concentration in acute myocardial infarction 
and its relationship to mortality during 24 months of follow-up 

in patients under thrombolytic treatment. Eur Heart J 1996; 

17:1345-1349. 
[10] Yu T, Yi Y, Yang Y, Oh J, Jeong D, Cho J. The Pivotal Role 

of TBK1 in Inflammatory Responses Mediated by 

Macrophages. Mediators of Inflammation 2012; 1-8. 
[11] Verma, S. Endothelin Antagonism and Interleukin-6 Inhibition 

Attenuate the Proatherogenic Effects of C-Reactive Protein. 

Circulation 2002; 105:1890-1896. 

[12] Nakagomi A, Freedman SB, Geczy CL. Interferon-gamma and 

lipopolysaccharide potentiate monocyte tissue factor induction 

by C-reactive protein: relationship with age, sex, and hormone 
replacement treatment. Circulation 2000; 101:1785-1791. 

[13] Kereiakes D. Adjunctive Pharmacotherapy before 

Percutaneous Coronary Intervention in Non-ST-Elevation 
Acute Coronary Syndromes: The Role of Modulating 

Inflammation. Circulation 2003; 108:22-27. 

[14] Mueller C, Buettner HJ, Hodgson JM et al. Inflammation and 
long-term mortality after non-ST elevation acute coronary 

syndrome treated with a very early invasive strategy in 1042 

consecutive patients. Circulation 2002; 105:1412-1415. 
[15] Marchlik E, Thakker P, Carlson T, Jiang Z, Ryan M, Marusic 

S. Mice lacking Tbk1 activity exhibit immune cell infiltrates in 

multiple tissues and increased susceptibility to LPS-induced 
lethality. J Leukocyte Biol 2010; 88:1171-1180. 

[16] Xie X, Zang  N, Li  S, Wang  L, Deng  Y, He  Y. Resveratrol 

Inhibits Respiratory Syncytial Virus-Induced IL-6 Production, 

Decreases Viral Replication, and Downregulates TRIF 

Expression in Airway Epithelial Cells. Inflam 2012; 35:1392-

1401. 
[17] Yu T, Shim J, Yang Y, Byeon S, Kim J, Rho H. 3-(4-(tert-

Octyl)phenoxy)propane-1,2-diol suppresses inflammatory 

responses via inhibition of multiple kinases. Biochem 
Pharmacol 2012; 83:1540-1551. 

[18] Shen R, Hahn W. Emerging roles for the non-canonical IKKs 

in cancer. Oncogene 2010; 30:631-641. 
[19] Fitzgerald K, McWhirter S, Faia K, Rowe D, Latz E, 

Golenbock D. IKKε and TBK1 are essential components of 

the IRF3 signaling pathway. Nat Immunol 2003; 4:491-496. 
[20] Sharma S, tenOever BR, Grandvaux N, Zhou GP, Lin R, 

Hiscott J. Triggering the Interferon Antiviral Response 

Through an IKK-Related Pathway. Sci 2003; 300:1148-1151. 
 

 
 

 

     

[21] McWhirter SM, Fitzgerald KA, Rosains J, Rowe DC, 

Golenbock DT, Maniatis T. IFN-regulatory factor 3-dependent 
gene expression is defective in Tbk1-deficient mouse 

embryonic fibroblasts. Proceedings of the Nat Acad Sci 2003; 

101:233-238. 
[22] Mori M, Yoneyama M, Ito T, Takahashi K, Inagaki F, Fujita T. 

Identification of Ser-386 of Interferon Regulatory Factor 3 as 

Critical Target for Inducible Phosphorylation That Determines 
Activation. J Biol Chem 2003; 279:9698-9702. 

[23] Cheng T, Brzostek S, Ando O, Van Scoy S, Kumar K, Reich N. 

Differential activation of IFN regulatory factor (IRF)-3 and 
IRF-5 transcription factors during viral infection. J Immunol 

2006; 176:7462-7470. 

[24] Lin R, Heylbroeck C, Pitha P, Hiscott J. Virus dependent 
phosphorylation of the IRF-3 transcription factor regulates 

nuclear translocation, transactivation potential, and 

proteasome-mediated degradation. Mol Cell Biol 1998; 

18:2986-2996. 

[25] Sato M, Suemori H, Hata N, Asagiri M, Ogasawara K, Nakao 
K. Distinct and essential roles of transcription factors IRF-3 

and IRF-7 in response to viruses for IFN-α/β gene induction. 

Immunity 2000; 13:539-548. 
[26] Fujiwara N, Kobayashi K. Macrophages in inflammation. C D 

T I A 2005; 4:281-286. 

[27] Hemmi H, Takeuchi O, Sato S, Yamamoto M, Kaisho T, Sanjo 
H. The roles of two IκB kinase-related kinases in 

lipopolysaccharide and double stranded RNA signaling and 

viral infection. J  Exp Med 2014; 199:1641-1650. 
[28] Huang J, Liu T, Xu LG, Chen D, Zhai Z, Shu HB. SIKE is an 

IKKε/TBK1-associated suppressor of TLR3- and virus-

triggered IRF-3 activation pathways. The E M B O J 2005; 
24:4018-4028. 

[29] Yu T, Yi Y, Yang Y, Oh J, Jeong D. and Cho J. The Pivotal 

Role of TBK1 in Inflammatory Responses Mediated by 
Macrophages. Mediators of Inflammation 2012:1-8. 

[30] Weber C, Noels H. Atherosclerosis: current pathogenesis and 

therapeutic options. Nat Med  2011; 17:1410-1422. 
[31] Hansson GK. Inflammation, atherosclerosis, and coronary 

artery disease. New Eng J Med 2005; 352:1685-1695 

[32] Thygesen K, Alpert J, Jaffe A, Simoons M, Chaitman B, White 
H. Third Universal Definition of Myocardial Infarction. 

Circulation 2012; 126:2020-2035. 

[33] Jennings RB, Murry CE, Steenbergen C Jr, Reimer KA. 
Development of cell injury in sustained acute ischemia. 

Circulation 1990; 82:2-12. 

[34] Nah DY, Rhee MY. The Inflammatory Response and Cardiac 
Repair after Myocardial Infarction. Kor Circul J 2009; 39:393-

398 

[35] Kereiakes DJ. Adjunctive Pharmacotherapy before 
Percutaneous Coronary Intervention in Non-ST-Elevation 

Acute Coronary Syndromes: The Role of Modulating 

Inflammation. Circulation 2003; 108:22-27. 
[36] Frangogiannis NG, Smith CW, Entman ML. The Inflammatory 

Response in Myocardial Infarction. Cardiovas Res 2002; 

53:31-47. 
[37] Mann DL. Targeted Anticytokine Therapy and the Failing 

Heart. Amer J Cardiol 2005; 95:916 

[38] Flores-Arredondo JH, García-Rivas G, Torre-Amione G. 
Immune Modulation in Heart Failure: Past Challenges and 

Future Hopes. Curr Heart Fail Rep. 2011;8:28–37. 

[39] Libby P, Maroko PR, Bloor CM, Sobel BE, Braunwald E. 
Reduction of experimental myocardial infarct size by 

corticosteroid administration. J Clin Invest 1973; 3:599-607. 

[40] Roberts R, DeMello V, Sobel BE. Deleterious effects of 
methylprednisolone in patients with myocardial infarction. 

Circulation 1976; 204–206. 

[41] Kloner R.A, Fishbein M.C, Lew H, Maroko P.R, Braunwald E. 
Mummification of the infarcted myocardium by high dose 

corticosteroids. Circulation 1978; 1:56-63.  

 

40 


