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Abstract   

Cardiovascular dysfunction is a major consequence of septic shock and contributes to the high 

morbidity and mortality of sepsis. Groups of proteins that comprise the Toll or Toll-like family of 

receptors detect the pathogen and mount a rapid defensive response in vertebrate and 

invertebrate organisms, through induction of innate immune and inflammatory responses. The 

engagement of TLR4 homodimers by LPS or other protein cognate the ligands initiates a 

signaling cascade and thus induces genes involved in the immune response against 

pathogens. TLRs have been implicated in cardiac dysfunction in several important disease 

states, including ischemia/reperfusion (I/R) injury. MyD88 contains an N-terminal death domain 

and a C-terminal TIR domain. When stimulated, MyD88 is recruited and, in the early phase, 

interacts with the cytoplasmic TIR domain of TLR4. Although TLR3 is known to respond to RNA 

from damage cells, the importance of this response in vivo during acute inflammatory processes 

has not been fully understood. Our result shows that TLR3−/− rat significantly attenuated 

myocardial NF-κB binding activity both the levels of phosphorylated IκBα/IκBα after LPS 

administration, and improved cardiac function and reduce the inflammatory response. Further, 

LPS increased levels of TLR4, TRIF and IFN-β in the myocardium. Interestingly the TLR4-

activation signaling was significantly prevented by TLR3 deficiency. We concluded that the use 

of antibody directed against TLR3 might serve as a therapeutic clinical option in the treatment 

of cardiac dysfunction induced by sepsis.  
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Introduction 

Toll-like receptors are transmembrane glycoproteins, which recognize many PAMPs with 

extracellular domains and aggravate the exaggerated inflammatory response to bacterial 

infection through activating nuclear factor (NF)-κB [1]. TLR4 is the most studied member in the 

SIC study among the TLRs family. A research from TLR4-deficient mice confirmed the essential 

role of TLR4 in mediating neutrophil migratory phagocytic functions, attenuating inflammation, 

reducing reactive oxygen species generation, and enhancing bacterial clearance [2]. Other TLR-
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related genes (TLR2, 3, and 9) were demonstrated to be involved in sepsis-induced cardiac 

dysfunction from recent studies. TLR2 increased the myocardium and serum cardio-depressant 

cytokines level and weakened the neutrophil migratory function, which sharpened the SIC [3]. 

TLR3 played a deleterious role in mediating cardiac dysfunction in sepsis by increasing cecal 

ligation and puncture (CLP)-induced cardiomyocytes apoptosis and Fas and Fas ligand 

expression in the myocardium [4]. CpG oligodeoxynucleotide, the TLR9 ligand, through 

activating both phosphoinositide 3 kinase/Akt and extracellular signal-related kinase signaling, 

attenuated cardiac dysfunction in polymicrobial sepsis [5]. However, a recent research 

demonstrated that eritoran, an anti-TLR4 to terminate MD2/TLR4-mediated signaling, did not 

significantly improve outcome for patients with severe sepsis and septic shock [6]. Additional 

studies are needed to explain the detailed mechanisms of SIC regulated by TLRs. TLR3 is 

located in intracellular endosomes and recognizes double-stranded RNA (dsRNA) and 

polyinosinic-polycytidylic acid (Poly I:C, a synthetic analog of dsRNA), resulting in induction of 

antiviral immune responses [7]. TLR3 also recognized byproducts from apoptotic and necrotic 

cells [8]. More significantly, a recent study demonstrated that TLR3 deficient (TLR3−/−) mice 

showed an increased survival rate in CLP-septic mice [9]. Administration of anti-TLR3 antibody 

to wild type (WT) mice increased the survival rate in CLP-septic mice [10]. This study suggests 

that TLR3 contributes to the pathophysiology of sepsis/septic shock. However, TLR3 

exaggerated sepsis induced cardiac dysfunction via activation of TLR4-mediated NF-κB and 

TRIF/IRF has not been investigated.  

Materials and Methods 

Experimental animals 

TLR3 knockout mice (TLR3−/−), that were crossbreed with C57BL/6, and age-and weight-

matched male C57BL/6 mice were obtained from Jackson Laboratory (Indianapolis, IN). The 

mice were maintained in the Division of Laboratory Animal Resources at Mississippi Medical 

Center. The experiments outlined in this article conform to the Guide for the Care and Use of 

Laboratory Animals published by the National Institutes of Health (NIH Publication No.85-23, 

Revised 1996). All aspects of the animal care and experimental protocols were approved by the 

University of Mississippi Committee on Animal Care. 

CLP polymicrobial sepsis model 

Cecal ligation and puncture (CLP) was performed to induce sepsis in mice as previously 

described [11]. Briefly, the mice were anesthetized by 5.0% Isoflurane. A midline incision was 

made on the anterior abdomen and the cecum was exposed and ligated with a 4-0 suture. Two 

punctures were made through the cecum with an 18-gauge needle and feces were extruded 

from the holes. The abdomen was then closed in two layers. Sham surgically operated mice 

served as the surgery control group. Immediately following surgery, a single dose of resuscitative 
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fluid (lactated Ringer’s solution, 50 ml/kg body weight) was administered by subcutaneous 

injection [12] 

Echocardiography 

Transthoracic two-dimensional M-mode echocardiogram and pulsed wave Doppler spectral 

tracings were obtained using a Toshiba Aplio 80 Imaging System (Toshiba Medical Systems, 

Tochigi, Japan) equipped with a 12-MHz linear transducer as described previously [13]. M-mode 

tracings were used to measure left ventricular (LV) wall thickness, LV end-systolic diameter 

(LVESD), and LV end-diastolic diameter (LVEDD). Percent fractional shortening (%FS) and 

percent ejection fraction (%EF) were calculated as described previously [14]. All measurements 

were made by one observer who was blinded with respect to the identity of the tracings. All data 

were collected from 10 cardiac cycles. 

Statistical analysis 

Survival trends were compared with the Cox regression proportional hazards procedures. All 

other data were expressed as mean ± SE. Comparisons of data between groups were made 

using one-way analysis of variance (ANOVA) and Tukey’s procedure for multiple range tests 

was performed. P< 0.05 was considered to be significant. 

Results 

TLR3 deficiency attenuated cardiac dysfunction and increased survival outcome 

following CLP-induced sepsis 

CLP significantly induced cardiac dysfunction as evidenced by decreased ejection fraction 

(%EF) by 25.7% and fractional shortening (%FS) by 29.8%, respectively, compared with 

baseline (Table 1). In contrast, TLR3−/− mice maintained the levels of %EF and %FS at baseline 

levels following CLP. Figure 1A shows representative images of M-model images of parasternal 

short-axis view at the papillary muscle level at base line and after CLP. CLP WT mice exhibited 

marked ventricular dilatation and poor left ventricular (LV) wall motion compared with base line. 

There was no significant change in LV dilatation and LV wall motion in TLR3−/− CLP mice. 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3647525/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3647525/figure/F1/
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Figure 1. 

TLR3 deficiency attenuated cardiac dysfunction and increased survival outcome following CLP-

induced sepsis in mice 

TLR3−/− and age-matched WT mice (n=12/group) were subjected to CLP and cardiac function was 

measured before and 6 hrs after CLP. (A) Representative images generated by echocardiography. a: WT 

mice base line (before CLP); b: WT mice after CLP; c: TLR3−/− mice base line (before CLP); d: TLR3−/− mice 

after CLP. (B) TLR3 deficiency increases survival outcome in CLP-induced septic mice. TLR3−/− and age-

matched WT mice (10/group) were subjected to CLP and the survival was carefully monitored daily. * 

P<0.05 compared with indicated groups. 

 

Table 1 

TLR3 deficiency attenuated cardiac dysfunction in CLP-induced sepsis 

Group Heart 

rate 

%EF %FS LVESD 

(mm) 

LVEDD 

(mm) 

SV (mmHg*μl) CO (μl) 

WT pre- 
CLP 

440.9 ± 
21.72 

61.2 ± 
5.49 

32.4 ± 
3.99 

2.2 ± 0.34 5.5 ± 0.33 33816.9 ± 
3279.01 

15170.2 ± 
1609.34 

WT 
CLP 

368.1 ± 
40.52* 

45.5 ± 
7.32* 

22.8 ± 
8.15* 

0.6 ± 0.13* 1.3 ± 0.51* 6696.6 ± 
3787.75* 

2483.9 ± 
1241.00* 

TLR3−/− 
pre-CLP 

454.2 ± 
19.34 

61.8 ± 
6.93 

33.0 ± 
5.25 

2.1 ± 0.39 5.6 ± 0.61 34270.8 ± 
5730.02 

17249.0 ± 
3648.22 

TLR3−/− 
CLP 

392.8 ± 
6.55 # 

62.6 ± 
6.08# 

33.2 ± 
4.58# 

1.5 ± 0.58# 4.4 ± 0.65# 28924.5 ± 
6411.69# 

12682.1 ± 
3525.39# 

 

TLR3 deficiency prevented sepsis-induced activation of TLR4 mediated NF-κB and 

TRIF/IRF signaling pathways 

TLR4-mediated signaling activates both MyD88-dependent NF-κB and TRIF/IRF-dependent IFN 

pathways. Figure 2 shows that CLP significantly increased myocardial NF-κB binding activity (A) 

and the levels of phosphorylated IκBα/IκBα (B); however, the levels of phosphorylated IRF3 

were significantly lower in both TLR3−/− sham and CLP mice compared with respective WT 

groups. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3647525/figure/F2/
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Figure 2. 

TLR3 deficiency prevented sepsis-induced activation of TLR4-mediated NF-κB activation and 

TRIF/IRF-dependent IFN signaling pathways 

TLR3−/− and WT mice were subjected to CLP (5-6/group). Sham operation served as sham control (5-

6/group). Hearts were harvested six hrs after CLP and the nuclear and cytoplasmic proteins were prepared. 

(A) NFκB binding activity was determined by EMSA with nuclear proteins. The levels of p-IκBα/IκBα (B) 

 

 

TLR3 deficiency prevented sepsis-induced expression of adhesion molecules in the 

myocardium 

Increased expression of adhesion molecules, such as VCAM-1 mediate neutrophil and 

macrophage infiltration into the myocardium during sepsis/septic shock [15]. Figure 3, show that 

CLP significantly increased both VCAM-1 (↑63.8%) expression in the myocardium of WT mice 

compared with sham control. However, TLR3 deficiency prevented sepsis-induced increases in 

VCAM-1 expression. Specifically, the levels of VCAM-1 in septic TLR3−/− mice were not 

significantly different from TLR3−/− sham control. Immunohistochemistry staining demonstrated 

that increased expression of VCAM-1 is predominantly located in endothelium. There was less 

staining of VCAM-1 in myocardial tissue sections of septic TLR3−/− mice compared with that of 

septic WT mice. 
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Figure 3. 

Sepsis-increased expression of myocardial VCAM-1 was attenuated by TLR3 deficiency 

TLR3−/− and WT mice were subjected to CLP (6/group). Sham operation served as sham control (6/group). 

Hearts were harvested six hrs after CLP and sectioned. * p<0.05 compared with indicated groups. 

 

Attenuation of chemokine secretion by TLR3−/− macrophages following stimulation with 

TLR ligands 

We examined the effect of TLR3 deficiency on the response to TLR ligand stimulation by 

macrophages. Figure 4 shows that both LPS and Poly I:C stimulation significantly increased the 

levels of MCP-1 and KC in WT macrophages but not in TLR3−/− macrophages. Both LPS and 

PGN significantly increased the levels of IP-10 in WT mice, however, the increased IP-10 by 

LPS and PGN was attenuated in TLR3−/− macrophages. CpG-ODN, a ligand for TLR9, did not 

stimulate the secretion of chemokines in WT and TLR3−/− macrophages. 

 

 

 

 

 

 

 

 

Figure 4. 

Attenuated chemokine secretion by 

TLR3−/− macrophages following TLR 

ligand stimulation 

Peritoneal macrophages were isolated 

from TLR3−/− and WT mice and 

stimulated with LPS, PGN, CpG-ODN 

and Poly I:C, respectively. Secretion of 

chemokines into the supernatants was 

measured using commercial kits. 

There were four replicates in each 

group (4/group). * p<0.05 compared 

with indicated groups. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3647525/figure/F7/
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Sepsis-induced neutrophil and macrophage infiltration into the myocardium was 

prevented by TLR3 deficiency 

Neutrophil and macrophage infiltration into the myocardium contribute to cardiac dysfunction 

during the development of sepsis/septic shock. Figure 5A shows that CLP increased MPO 

activity by 52.6% (p<0.05) in WT mice compared with sham control, indicating increased 

neutrophil infiltration into the myocardium. There were more neutrophils staining in WT CLP 

heart tissues compared with WT sham. In contrast, MPO activity was not significantly increased 

and there was less neutrophil staining in TLR3−/− mice following CLP. Figure 5B shows that CLP 

significantly increased the number of macrophages in the myocardium of WT mice compared 

with WT sham control. However, the numbers of macrophages in the myocardium of 

TLR3−/− mice were not significantly increased following CLP. 

 

 

 

 

 

 

 

 

Figure 5. 

Neutrophil and macrophage myocardial infiltration was attenuated in TLR3 deficiency 

TLR3−/− and WT mice were subjected to CLP (6/group). Sham operation served as sham control (6/group). 

Hearts were harvested six hrs after CLP and sectioned. (A) MPO activity was measured in cellular protein 

preparations by a kit (left). Neutrophil accumulation (pink color) was marked by red arrows 

(n=3/group). (B) Macrophages in the myocardium were examined by immunohistochemistry (right) with a 

specific antibody (n=3/group). The dark brown color indicates macrophage infiltration marked by red 

arrows. Quantitated data are shown on the left. * p<0.05 compared with indicated groups. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3647525/figure/F5/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3647525/figure/F5/
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Adoptive transfer of wild type bone marrow stromal cells abolished the cardioprotective 

effect of TLR3 deficiency in sepsis 

To examine the role of peripheral cells in TLR3 deficiency-induced protection against sepsis-

induced cardiac dysfunction, we isolated bone marrow stromal cells (BMSCs) from WT mice and 

transplanted them into TLR3−/− mice immediately prior to induction of CLP. Cardiac function was 

assessed 6 hrs after CLP. As shown in Figure 8, adoptive transfer of WT BMSCs into WT mice 

did not affect the CLP-induced decrease in cardiac function. However, TLR3−/− mice that 

received WT-BMSCs showed a loss of cardioprotection 6 hrs after sepsis. Both %EF (61.8%) 

and %FS (33.0%) values in TLR3−/− mice that received BMSCs were similar to that of WT CLP 

mice (46.1%, and 22.3%) and significantly lower than TLR3−/− mice (66.6%, 36.2%) that did not 

receive BMSCs. 

 

Figure 6. 

Adoptive transfer of WT bone marrow stromal cells abolished the cardioprotective effect of TLR3 

deficiency 

Bone marrow stromal cells were isolated from WT mice and transplanted to TLR3−/− mice and WT mice, 

immediately before the mice were subjected to CLP (5/group). Cardiac function was measured by 

echocardiography before and 6 hrs after CLP. * p<0.05 compared with indicated groups. 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3647525/figure/F8/
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3647525_nihms-463263-f0018.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3647525_nihms-463263-f0018.jpg
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Discussion 

The major finding in this study was that the TLR3 plays a key role in the pathophysiology of 

sepsis-induced cardiac dysfunction. Study reported that TLR3−/− mice were resistant to CLP-

induced lethality [16]. We also observed that TLR3 deficiency significantly improved survival 

outcome in CLP-sepsis/septic shock. Our current study provides insights into the mechanisms 

by which TLR3 mediates septic morbidity and mortality. 

Clinical and experimental studies have shown that myocardial dysfunction is an early and fatal 

complication of septic shock [17]. The current study demonstrated that sepsis-induced 

myocardial dysfunction was dramatically attenuated in the absence of TLR3. In addition, TLR3 

deficiency reduced myocardial apoptosis in response to sepsis. We have previously shown that 

cardiac myocyte apoptosis contributes to cardiac dysfunction during the development of 

sepsis/septic shock [18]. The mechanisms by which TLR3 deficiency attenuated CLP-induced 

cardiac myocyte apoptosis is by inhibition of Fas/FasL-mediated apoptotic signaling. It is 

unclear how TLR3 deficiency attenuates sepsis-induced Fas/FasL-mediated apoptotic 

signaling. However, activation of TLR3 is known to stimulate the extrinsic and intrinsic apoptotic 

pathways by up-regulating TNF-related apoptosis-inducing ligand (TRAIL) and its receptors 

and by down-regulating the anti-apoptotic protein Bcl2 [19]. 

Previously reported that CLP significantly increased the levels of TLR4 and NF-κB binding 

activity in the myocardium [20]. In the present study, we observed that CLP sepsis markedly 

increased TLR4-mediated MyD88-dependent NF-κB activation and TRIF-dependent IRF3-

mediated IFN-β signaling pathways. Importantly, TLR3 deficiency prevented CLP sepsis 

activation of both TLR4-mediated MyD88-dependent NF-κB activation and TRIF-dependent 

IFN-β signaling pathways. Indeed, the levels of inflammatory cytokines, such as TNFα, IL-1β 

and myocardial IFN-β, were markedly lower in TLR3−/− septic mice than in WT septic mice [21]. 

At present we do not understand why the levels of IL-6 were significantly higher in TLR3−/− mice 

than in WT mice after CLP. It could be possible that increased IL-6 levels in TLR3−/− mice may 

serve as an anti-inflammatory effect [22]. 

Neutrophil and macrophage infiltration play a critical role in mediating cardiac dysfunction 

during sepsis/septic shock [23]. Infiltrated neutrophils release inflammatory cytokines, including 

TNF-α and IL-1β which are the important suppressors of cardiac function. Activated 

macrophages also release chemokines such as MCP-1 and KC, which attract neutrophils into 

the myocardium. In addition, macrophages release macrophage inhibitory factor (MIF) which 

contributes to cardiac dysfunction and correlates with sepsis severity [18]. In the present study, 

we observed that CLP sepsis resulted in significantly increased numbers of neutrophils and 

macrophages in the myocardium of WT mice. However, neutrophil and macrophage infiltration 

into the myocardium was markedly attenuated in septic TLR3−/− mice. It is well known that 

increased expression of adhesion molecules, such as ICAM-1 and VCAM-1 plays a critical role 
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in recruitment of neutrophils and macrophages into the myocardium during sepsis/septic shock 

[24] and are associated with myocardial dysfunction induced by LPS [25-27]. We observed that 

CLP-sepsis significantly increased expression of ICAM-1 and VCAM-1 in the myocardium of 

WT mice. In contrast, TLR3−/− deficiency blunted CLP-increased expression of adhesion 

molecules in the myocardium. When taken together, these data indicate that TLR3 plays a 

crucial role in sepsis-induced adhesion molecule expression, and neutrophil and macrophage 

infiltration into the myocardium during sepsis/septic shock [28]. 

To more critically evaluate this conclusion, we isolated peritoneal macrophages from WT and 

TLR3−/− mice and examined chemokine secretion following stimulation with TLR ligands. We 

observed that the TLR3 ligand, Poly I:C markedly increased secretion of MCP-1 and KC in WT 

macrophages but not in TLR3−/− macrophages, suggesting that TLR3 mediates activation of 

chemokines following ligand stimulation. Interestingly, LPS, a TLR4 ligand and PGN, a TLR2 

ligand, significantly increased secretion of MCP-1 and IP-10 in WT macrophages. However, 

increased secretion of MCP-1 and IP-10 by LPS and PGN was also significantly attenuated in 

TLR3−/− macrophages. This may be due to cross talk within the TLR signaling network. Other 

researcher reported that the levels of peritoneal and tissue cytokine (TNFα) and chemokines 

(CCL5, CCL3, CXCL10, and MIP-2) were significantly increased in WT mice following CLP, but 

markedly decreased in TLR3−/− mice [29-31].  

We have observed a similar phenomenon in TNFα and IL-1β levels in WT and TLR3−/− mice 

after CLP. In addition, other study has shown that TLR3−/− macrophages responded normally 

to the other TLR ligands but did not respond to RNA from necrotic neutrophils [32]. Their 

observation suggests that RNA released from necrotic neutrophils could be an endogenous 

ligand that triggers activation of TLR3-mediated signaling. 

Competing interests 

The authors declare that they have no competing interests. 

Ethics Statement 

The study was approved by the ethics committees at the University of Mississippi Medical 

Center in Jackson, USA. 

Rights and permissions 

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 

License, which permits use, sharing, adaptation, distribution and reproduction in any medium 

or format, as long as you give appropriate credit to the original author(s) and the source, provide 

a link to the Creative Commons license, and indicate if changes were made. The images or 

other third-party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in a credit line to the material. If material is not included in the 



American Journal of BioMedicine 

                                                                                                                 AJBM 2014;2(2): 125–136 
     doi: 10.18081/2333-5106/014-01/125–136 

 

 

 
135 

article’s Creative Commons license and your intended use is not permitted by statutory 

regulation or exceeds the permitted use, you will need to obtain permission directly from the 

copyright holder.  

To view a copy of this license, visit http://creativecommons.org 

References 

1. Hotchkiss RS, Monneret G, Payen D. Sepsis-induced immunosuppression: from cellular 

dysfunctions to immunotherapy. Nat Rev Immunol 2013;13(12):862–74. 

2. Rudiger A, Singer M. The heart in sepsis: from basic mechanisms to clinical management. Curr 

Vasc Pharmacol 2013;11(2):187–95. 

3. Tavener SA, Kubes P. Is there a role for cardiomyocyte toll-like receptor 4 in 

endotoxemia? Trends Cardiovasc Med 2005;15(5):153–7. 

4. Hedayat M, Netea MG, Rezaei N. Targeting of toll-like receptors: a decade of progress in 

combating infectious diseases. Lancet Infect Dis 2011;11(9):702–12. 

5. Al-Amran FG, Yousif NG, Meng XM. A TLR4-MCP-1-macrophage IL-18 cascade plays a major 

role in myocardial injury and cardiac dysfunction after permanent ischemia. Journal of Surgical 

Research 2011;165(2):258. 

6. Gao M, Ha T, Zhang X, Wang X, et al. The toll-like receptor 9 ligand, CpG oligodeoxynucleotide, 

attenuates cardiac dysfunction in polymicrobial sepsis, involving activation of both 

phosphoinositide 3 kinase/Akt and extracellular-signal-related kinase signaling. J Infect 

Dis 2013;207(9):1471–9. 

7. Xu J, Zhang X, Monestier M, Esmon NL, Esmon CT. Extracellular histones are mediators of 

death through TLR2 and TLR4 in mouse fatal liver injury. J Immunol 2011;187(5):2626–31. 

8. Ferdinandy P, Danial H, Ambrus I, Rothery RA, Schulz R. Peroxynitrite is a major contributor to 

cytokine-induced myocardial contractile failure. Circ Res 2000;87(3):241–7. 

9. Aderem A, Ulevitch RJ. Toll-like receptors in the induction of the innate immune 

response. Nature. 2000;406:782–787. 

10. Ao L, Li J, Aly A, E Austin, DA Fullerton, X Meng. Myocardial tissue TLR4 plays a major role in 

mediating myocardial injury following cold ischemia and reperfusion through up-regulation of 

MCP-1. Journal of Surgical Research 2011;165 (2):181. 

11. Frantz S, Ertl G, Bauersachs J. Mechanisms of disease: Toll-like receptors in cardiovascular 

disease. Nat Clin Pract Cardiovasc Med. 2007;4:444–454.  

12. Cavassani KA, Ishii M, Wen H, Schaller MA, Lincoln PM, Lukacs NW, Hogaboam CM, Kunkel 

SL. TLR3 is an endogenous sensor of tissue necrosis during acute inflammatory events. J Exp 

Med. 2008;205:2609–2621. 

13. Williams DL, Li C, Ha T, et al. Modulation of the phosphoinositide 3-Kinase pathway alters innate 

resistance to polymicrobial sepsis. J Immunol. 2004;172:449–456. 

14. Cavaillon J-M, Adib-Conquy M. Monocytes/macrophages and sepsis. Crit Care 

Med. 2005;33:S506–S509. 

15. Sun R, Zhang Y, Lv Q, et al. Toll-like receptor 3 (TLR3) induces apoptosis via death receptors 

and mitochondria by up-regulating the transactivating p63 isoform {alpha} (tap63{alpha}) J Biol 

Chem. 2011;286:15918–15928.  

16. Yousif NG, Al-amran FG. Novel Toll-like receptor-4 deficiency attenuates trastuzumab 

(Herceptin) induced cardiac injury in mice. BMC cardiovascular disorders 20111;11(1):62. 

17. Binck BW, Tsen MF, Islas M, et al. Bone marrow-derived cells contribute to contractile 

dysfunction in endotoxic shock. Am J Physiol Heart Circ Physiol. 2005;288:577–583.  

18.  Yang YL, Wang Y, Shyu J, Zhang N. Critical role of NQO1 in ovarian cell injury: highly risk of 

ovarian carcinoma. Journal of cellular cancer 2013;1:1-9. 

19. Ogiku L, Fujii R, Xiao S, Xuehao L. Meloxicam attenuates brain cell injury following cerebral 
ischemia and reperfusion via down regulation of proinflammatory response. Journal of cellular 
cancer 2013;2(1):1-11. 

20. Raeburn CD, Calkins CM, et al. Vascular cell adhesion molecule-1 expression is obligatory for 

endotoxin-induced myocardial neutrophil accumulation and contractile 

dysfunction. Surgery 2001;130(2):319–25. 

javascript:void(0)
javascript:void(0)


American Journal of BioMedicine 

                                                                                                                 AJBM 2014;2(2): 125–136 
     doi: 10.18081/2333-5106/014-01/125–136 

 

 

 
136 

21. Sharshar T, Gray F, Lorin de la Grandmaison G, et al. Apoptosis of neurons in cardiovascular 

autonomic centres triggered by inducible nitric oxide synthase after death from septic 

shock. Lancet 2003;362(9398):1799–805. 

22. Oberholzer A, Oberholzer C, Moldawer LL. Sepsis Syndromes: Understanding the Role of Innate 

and Acquired Immunity. Shock. 2001;16:83–96. 

23. Ha T, Hu Y, Liu L, et al. TLR2 ligands induce cardioprotection against ischemia/reperfusion injury 

through a PI3K/Akt-dependent mechanism. Cardiovascular Research. 2010;87:694–703. 

24. Cao Z, Hu Y, Wu W, et al. The TIR/BB-loop mimetic AS-1 protects the myocardium from 

ischaemia/reperfusion injury. Cardiovascular Research. 2009;84:442–451. 

25. Sun R, Zhang Y, Lv Q, et al. Toll-like receptor 3 (TLR3) induces apoptosis via death receptors 

and mitochondria by up-regulating the transactivating p63 isoform {alpha} (tap63{alpha}) J Biol 

Chem. 2011;286:15918–15928. 

26. Tsujimoto H, Ono S, Efron PA, Scumpia PO, Moldawer LL, Mochizuki H. Role of toll-like 

receptors in the development of sepsis. Shock. 2008;29(3):315–21. 

27. Zhang C. The role of inflammatory cytokines in endothelial dysfunction. Basic Res Cardiol. 

2008;103(5):398–406. 

28. Lundberg AM, Drexler SK, et al. Key differences in TLR3/poly I:C signaling and cytokine 

induction by human primary cells: a phenomenon absent from murine cell systems. Blood. 

2007;110(9):3245–52. 

29. Borbiev T, Birukova A, Liu F, et al. p38 MAP kinase-dependent regulation of endothelial cell 

permeability. Am J Physiol Lung Cell Mol Physiol. 2004;287(5):L911–8. 

30. Yamashita T, Kawashima S, Ohashi Y, et al. Resistance to endotoxin shock in transgenic mice 

overexpressing endothelial nitric oxide synthase. Circulation. 2000;101(8):931–7. 

31. Di Lorenzo A, Lin MI, Murata T, et al. eNOS-derived nitric oxide regulates endothelial barrier 

function through VE-cadherin and rho GTPases. J Cell Sci. 2013;126(Pt 24:5541–52. 

32. Tanoue T, Adachi M, Moriguchi T, Nishida E. A conserved docking motif in MAP kinases common 

to substrates, activators and regulators. Nat Cell Biol. 2000;2(2):110–6. 

 

 

 

 

 

 

 

 

 

  American Journal of BioMedicine 

   Journal Abbreviation:  AJBM 

   ISSN: 2333-5106 (Online) 

   DOI: 10.18081/issn.2333-5106 

   Publisher: BM-Publisher 

   Email: editor@ajbm.net  

http://www.bmpublisher.net/

