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• List of abbreviation 

CPCSEA: Committee for the purpose of control and supervision of experiments on 

animal 

CXC-chemokine: which have a single amino acid residue interposed between the first 

two canonical cysteines 

CXCL-8- interleukin-8 

CXCR1-CXC chemokine receptor-1 

EDTA-ethylenediaminetetraacetic acid 

ELR+-glutamate–leucine–arginine (ELR) motif near the N terminal 

FBS-fetal bovine serum 

HBSS- Hank’s balanced salt solution 

IL-8RA-interleukin-8 receptor A 

IL-1R- Interleukin 1 receptor 

iNOS- inducible nitric oxide synthase 

JNK-c jun N-terminal kinase 

MAPK-mitogen activated protein kinase 

MHC-II- major histocompatibility complex-II 

NaNo3-sodium nitrate 

NaOH- sodium hydroxide 

NF-κB-nuclear transcription factor kappa beta 

PMSF-phenyl methyl sulfonyl fluoride 

RIPA-radio immune precipitation assay buffer 

SDS-sodium dodecyl sulphate 

TNFR1- Tumor necrosis factor receptor 1 
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Abstract: Currently, very few studies are available on the expression of CXCR1 in mouse 

macrophages having both intact TNFR1 and IL-1R or their deficiency in relation to acute S. 

aureus infection.  Peritoneal macrophages from mice neutralized singly for TNFR1or IL-1R, 

or for both TNFR1 and IL-1R were infected with S. aureus in vitro and their ability to secrete 

cytokines and reactive oxygen species (ROS) were determined. It was observed that the 

release TNF-α and IL-1β in response to S. aureus infection was decreased in macrophages 

when both TNFR1 and IL-1R were neutralized. The amount of H2O2, superoxide anion, nitric 

oxide release and bacterial CFU were significantly decreased in TNFR1 plus IL-1R blocked 

macrophages when compared with macrophages having intact receptors at 60 min of S. 

aureus infection. There was decrement of CXCL8 (IL-8) release and expression of CXCR1 in 

macrophages during dual receptor (TNFR1 plus IL-1) blocking prior to stimulation with S. 

aureus.  Expression of CXCR1 on murine peritoneal macrophages was evaluated by 

immunoblots from lysate at 60 minutes after S. aureus infection. It was observed that at 60 

minutes after S. aureus infection in murine peritoneal macrophages, the expression of 

CXCR1 was increased significantly (p<0.05) in comparison to the control groups. CXCR1 

expression was decreased significantly (p<0.05) in macrophages pre-incubated separately 

with anti-TNFR1 antibody (10 µg /ml) or IL-1R antagonist protein (240 ng /ml) at 60 minutes 

after S. aureus infection. However, blocking of both TNFR1 as well as IL-1R in macrophages 

downregulated the CXCR1expression in comparison to the groups either pre-incubated with 

anti-TNFR1 antibody or IRAP alone. 

Key words: CXCR-1; CXCL8; Interleukin-1 receptor; Inflammation; Peritoneal macrophage; 

Receptor blocking; S. aureus; Tumor necrosis factor receptor 1 
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1.Introduction 

Chemokine function is critical for leukocyte movement ranging from the migration required 

for immune cell development and homeostasis and to the pathologic recruitment of immune 

cells in inflammatory diseases [1]. CXCL8 (IL-8) an important pro-inflammatory chemokine, 

identified as neutrophil chemotactic factor, is released chiefly by macrophages [2]. The 

functional receptors for CXCL8 are identified as CXCR1 and CXCR2 in mammalian systems 

and are considered for therapeutic targets in several inflammatory diseases [3]. Chemokine 

receptors are differentially expressed on all leukocytes and regulate inflammation in a G 

protein-dependent or independent manner [4]. Engagement of pattern recognition receptors 

(PRR), including toll like receptor 2 (TLR-2) by Staphylococcus aureus (S. aureus) activates 

NF-κB and induces CXCL8 which leads to recruitment of macrophages [5]. It has also been 

demonstrated that interleukin-1β (IL-1β) released from stimulated macrophages facilitates 

CXCL8 production and aids recruitment of macrophages during bacterial infection [6].There 

appears a disparity between human and rodent systems in presence of two functional CXCL8 

receptors, CXCR1 and CXCR2 [7-8]. Earlier studies suggested that murine system lack 

CXCR1 as functional receptor, but fewer studies have reported involvement of CXCR1 

during infections [9]. Live  S. aureus infection of the murine peritoneal macrophages has 

been  shown to increase the expression of  CXCR1 [10-11].  

The TNF-α and IL-1β have been shown to induce CXCL8 gene expression in macrophages, 

however, very few studies have been reported on the expression of CXCR1 in macrophages 

by them during viable S. aureus infection [12]. Additionally, production of CXCL8 by S. 

aureus infected leukocytes or with its cellular components have been reported [13-14]. 

CXCL8 responses to S. aureus are dependent on phagocytosis of bacteria indicating 

internalization of live S. aureus through pattern recognition receptors [15].  TNF-α  induced 

regulation of CXCR1 expression in vitro shown that this process activates TNFR1 mediated 
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activation of NF-κB via mitogen-activated protein kinases p38 and c-jun N-terminal kinases 1 

and 2, ultimately leading to CXCL8  production [16]. Tumour necrosis factor receptor 1 

(TNFR1) belongs to a superfamily of TNF receptors and plays an important role in innate 

host defence [17]. Binding of TNF-α toTNFR1 activates the NF-κB and JNK pathways, 

leading to transcriptional activation of genes encoding pro-inflammatory proteins, including 

CXCL8 [18]. Staphylococcus aureus also has been shown to bind to TNFR1 in airway 

epithelial cells and induce a TNFR1-related signaling pathway, leading to NF-κB activation 

and CXCL8 production [16] suggesting that secreted pro-inflammatory cytokines like TNF-α 

and IL-1β induces CXCL8 production in macrophages. However, whether S. aureus infected 

macrophages causes secretion of CXCL-8 using cell surface TNFR1 and /or IL-1R receptor 

was not reported. Moreover, no reports are available on the regulation of CXCR1 expression 

in macrophages depending on the presence of both TNFR1 and IL-1R during S. aureus 

infection. 

The majority of the inflammatory effects of TNF-α occur through the activation of TNFR1 

[19]. The physiological functions of TNF-α in macrophages are numerous; thus, any 

aberration in its production or signalling in part plays a crucial role in the pathogenesis of 

many inflammatory diseases [20]. In addition, over-expression of the receptors alone, can 

spontaneously induce TNFR signaling independent of ligand [21] prompted us to study the 

expression of CXCR1 when TNFR1 was blocked.  However, TNF-α interacts with two 

distinct receptors, TNFR1 and TNFR2, to transduce its biologic effects whereas IL-1β signals 

through IL-1R1 [22]. Ex vivo/in vitro studies have shown that IL-1β induced the expression 

of TNFR1 [23]. Previously, it has been shown that IL-1β modulates TNF receptor shedding 

in vitro, thereby impacting cell responsiveness to TNF-α [24]. Since IL-1β signals through 

IL-1R and on the contrary it also regulates the expression of TNFR1, we are interested to 

figure out whether dual blocking of TNFR1 by antibody and IL-1R by interleukin-1 receptor 
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antagonist (IRAP) could have any impact on the expression of CXCR1 in this study. 

Pretreatment of cells with IRAP reduced CXCL8 production [25]. Porat et al demonstrated 

decreased levels of CXCL8 on day 5 of culture after IRAP pretreatment [26]. De Forge and 

coworkers [27] addressed the question of whether IRAP would suppress CXCL8 produced by 

bacterial lipopolysaccharide (LPS)-stimulated human blood monocytes, and found 

downregulation of CXCL8 by IRAP. Kaplanski and associates [28] verified a similar 

mechanism of CXCL8 production through IL-1 in activated platelets, and Porat and co-

workers [26] showed that Borrelia burgdorferi induces CXCL8 by IL-1 induction, which can 

be regulated by IRAP. Therefore, modulation of CXCR1 in theTNFR1 blocked or IRAP 

pretreated macrophages during S. aureus infection cannot be ruled out. 

S. aureus stimulated  macrophages induces  its high microbicidal function associated with the 

ability to secrete high amount of proinflammatory cytokines such as IL-1??, TNF-??, and 

reactive oxygen species (ROS) including superoxide anion [29]. Excessive hydrogen 

peroxide (H2O2) also promotes I??B-kinase activation and drives tyrosine phosphorylation of 

I??B??, leading to stimulation of NF-??B signalling [30]. Although it was reported that during 

Staphylococcus aureus infection the secreted pro-inflammatory cytokines like TNF-α and IL-

1β induces CXCL8 production in macrophages, but whether it utilizes  macrophage cell 

surface  TNFR1 and/or IL-1R receptor were not shown. No reports are available on the 

expression of CXCR1 in macrophages when both TNFR1 and IL-1R were blocked during S. 

aureus infection. Whether expression of CXCR1 and production of CXCL8 were altered in 

the TNFR1 plus IL-1R blocked macrophages and in macrophages having intact TNFR1 

and/or IL-1R after in vitro S. aureus infections were determined in this study. Whether 

TNFR1 alone is sufficient to promote CXCL8 release in response to S. aureus infection or 

also required the presence of IL-1R was evaluated. 
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2.Materials and methods: 

2.1.Maintenance of animals 

Male Swiss albino mice, 6-8 weeks of age, average body weight 20 ±4 gm was used for all 

experiments that had been approved by the Institutional Animal Ethics Committee (IAEC), 

Department of Physiology, University of Calcutta, [Approval Number: 

IAEC/IV/Proposal/BB-01/2016 dated 18.07.2016] under the guidance of CPCSEA,  Ministry 

of Environment and Forest, Govt. of India. Upon arrival, mice will be randomized into plastic 

cages with filter bonnets and saw dust bedding, followed by a one-week quarantine period. 

Mice were housed 7 per cage with food and water ad libitum. Animal holding rooms was 

maintained at 21 to 24oC and 40-60% humidity with a 12-hour light dark cycle.  

 2.2.Bacterial strain 

The Staphylococcus aureus (S. aureus) (AG-789) was maintained in our laboratory and grown 

overnight in Luria Bertani broth, diluted with fresh broth and cultured until mid-logarithmic 

phase of growth. Bacteria were adjusted to the desired inoculum spectrophotometrically before 

infection at Optical density (OD)620 = 0.2 for 5.0 × 106cells/ml for S. aureus) and the colony 

forming unit (CFU) count of the desired inoculum was confirmed by serial dilution and culture 

on blood agar [31]. 

 2.3.Isolation of murine peritoneal macrophages 

4% sterile thioglycolate broth were injected intraperitoneally to male Swiss albino mice, and 

the resulting peritoneal exudate was harvested by lavage from the peritoneal cavities of mice 

with endotoxin-free Hanks’ solution 4 to 5 days later.  Peritoneal macrophages were 

suspended in 0.83% ammonium chloride solution containing 10% (v/v) Tris buffer (pH 7.65) 

to lyse erythrocytes. Then, the cells were resuspended in RPMI 1640 medium supplemented 
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with 10% FBS, 100 IU/ml penicillin, and 100 µg/ml streptomycin, and were allowed to 

adhere on plastic surface and the  non-adherent cells were removed [32]. As determined by 

Trypan Blue dye exclusion technique and also by Flow cytometry cell sorting using 

macrophage specific marker (cd11b), more than 95% of peritoneal macrophages were found 

viable while doing experiments [33]. For in vitro study, both these cells were pooled from a 

minimum of 7 mice to obtain the requisite amount of individual cells (5x106/ml), counted 

using hemocytometer and were used for in vitro S. aureus infection. Cells were divided as per 

the following groups (Gr). Gr I = Control macrophages, Gr II= Isotype IgG treated 

macrophages, Gr III= S. aureus (SA) infected macrophages, Gr IV= anti TNFR1 antibody 

treated +SA, Gr V= IRAP treated macrophages + SA, Gr VI= anti TNFR1 antibody + IRAP 

treated macrophages +SA 

2.4.Blocking antibody reagents and culture conditions 

Control immunoglobulin G (IgG) isotype antibody (Abcam, Cat No: ab 37355, Cambridge, 

UK) were added at 5µg/ml to isolated peritoneal macrophages and were incubated for 1 h at 

37°C in 5% CO2 incubator [34]. For TNFR1 and IL-1R blocking assays, polyclonal antibody 

against TNFR1 (Anti TNF Receptor 1 antibody, abcam make, catalogue number: ab19139) 

and Interleukin 1 receptor antagonist recombinant protein (IRAP) (from MyBiosiurce, 

catalogue number: MBS 203091) were added to isolated peritoneal macrophages  at 10µg/ml 

and 240ng/ml respectively and were then incubated for 30min at 37°C in 5% CO2 incubator 

[35-36]. Now, both anti TNFR1 antibody treated and IRAP pretreated or untreated murine 

peritoneal macrophages (5x106cells/ml) were infected with S. aureus (5x106 CFU/ml) for 

30min, 60 min and 90 min at 37oC in 5% CO2 incubator. We have used polyclonal antibody 

against TNFR1 (anti TNF receptor 1 antibody, abcam make, catalogue number: ab19139). As 

per the data sheet provided with this antibody, it is rabbit polyclonal to TNF receptor 1 and 

reacts with Mouse, Rat, Sheep, Rabbit, Hamster, Cow, Dog, Human, Pig, Monkey. 
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Interleukin 1 receptor antagonist recombinant protein (IRAP) (from MyBiosiurce, catalogue 

number: MBS 203091) has been used for neutralization of IL-1 receptor. From the product 

description it was seen that the recombinant human IL-1RA was expressed in E. Coli and 

purified. IRAP is a competitive IL-1 inhibitor. It is not an antibody, so questions of cross-

reactivity do not arise. It has been shown that IL-1 receptor is expressed in nearly all tissues 

and its antagonism prevents receptor binding of either IL-1α or IL-1β. Moreover, IL-1RA is 

considered as an anti-inflammatory mediator because it blocks the triggering of the IL-1 

receptor, thereby preventing the proinflammatory effects of IL-1β.  Inhibition of IL-1 binding 

and bioactivity in vitro and modulation of acute inflammation in vivo has been demonstrated 

by IL-1 receptor antagonist. So, here we have used interleukin 1 receptor antagonist to 

prevent binding of either IL-1α or IL-1β to IL-1 receptor and also neutralization of surface 

IL-1 receptor. 

2.5.Assays for colony-forming ability of engulfed bacteria 

Freshly isolated murine peritoneal macrophages (5x106 cells/ml), were mixed separately with 

S. aureus (5x106 CFU/ml) in a 1:1 cell: bacterium ratio and incubated for 30 min, 60 min and 

90 min at 37oC cell culture incubator for different times in presence and absence of  anti 

TNFR1 antibody or IRAP. After centrifugation, cell culture supernatants were collected and 

stored for further assay. Then, the pellets were disrupted in sterile water containing 0.01% 

bovine serum albumin (BSA) by vigorously vortexing to release intracellular bacteria in the 

lysate. The lysate containing bacteria were plated at serial dilutions on mannitol agar plates.  

The plates were incubated at 37°C for a day or two and the number of colonies was 

determined [37]. The intracellular killing of S. aureus in macrophages was measured by 

determining the decrease in the number of intracellular viable bacteria. 
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2.6.Assay for quantification of hydrogen peroxide (H2O2) production  

Activation of macrophages by bacterial infection results in the local release of ROS and 

induces hydrogen-peroxide (H2O2) production. Phagocyte oxidative burst is reported in 

controlling S. aureus infection. Therefore, the quantification of H2O2 in this experimental 

setup was relevant. After time-dependent phagocytosis, supernatants were collected and cell 

lysates were prepared from the pellet. H2O2 assay of the supernatant and lysate was 

performed according to the method as described earlier with slight modification [38]. Briefly 

70µl of supernatant or lysate, 20µl Horse Raddish peroxidase (HRP) (500 µg/ml), 70µl of 

Phenol red (500 µg/ml) and 40 µl medium were added and was allowed for incubation for 2hr 

at 37oC. The reaction was stopped by adding 25µl of 2 N NaOH and the absorbance was 

taken at 620 nm. Control set received 40µl of HBSS in place of supernatant/lysate. A 

standard H2O2 curve was plotted and H2O2 release in supernatants and lysate was evaluated 

and expressed in µM/106 cells. 

2.7.Assay of superoxide anion (O2
-) free radical production 

Superoxide anion release assay measures the change in colour of Cytochrome C (cyt C), 

when reduced by O2
- released from the stimulated macrophages. Cell supernatant and lysate 

obtained after time dependent phagocytosis by peritoneal macrophages infected with S. 

aureus were incubated in presence of Cytochrome C (100µl at 2 mg/ml). The production of 

superoxide anion was monitored spectrophotometrically at 550 nm in reference to the blank 

[39]. The amount of superoxide production was calculated by the following formula: 

micromoles of superoxide anion = (mean absorbance at 550 nm x 15.87).  

2.8. Assay of nitric oxide (NO) production 

Nitric oxide assay from supernatant and lysate was determined by the Griess reagent. 

Supernatant and lysate (50 µl), obtained after S. aureus infection, were incubated with 40µM 

Tris (pH 7.9) containing 40 µM of the reduced form of b-nicotinamide adenine dinucleotide 
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phosphate, 40 µM flavine adenine dinucleotide and 0.05 U/ml nitrate reductase at 37oC for 15 

min. Then, reduced samples were incubated with an equal volume of Griess reagent 

consisting of sulphanilamide (0.25% (w/v)) and N-1-naphthylethylenediamine (0.025% 

(w/v)) for 10min and the absorbance at 550 nm was measured. The total nitrate/nitrite 

concentration was determined by comparison to a NaNO3 standard curve [40]. 

2.9.Western blot analysis of TNFR1, IL-1R, and CXCR1  

Western blot analyses for TNFR1, IL-1R, and CXCR1 receptors expression were performed 

by standard methods. In brief, the cell lysate from different group of macrophages were lysed 

with RIPA-NP40 and normalized to the protein content by Lowry method. 100 µg of the 

lysate was separated on a 10% SDS-Polyacryllamide gel electrophoresis (PAGE) and blotted 

onto nitrocellulose membrane. The membranes were blocked with 5 % bovine serum albumin 

(BSA) in Tris buffered saline with Tween 20 (TBST) for 3 hour at room temperature, washed 

and incubated separately with primary anti-mice TNFR1 antibody (Anti TNF Receptor 1 

antibody, abcam make, catalogue number: ab19139) [41], IL-1R antibody (abcam make, 

Catalogue number:  ab106278), , CXCR1 antibody (Orb 10487; Biorbyt Ltd, Cambridge, 

UK) in 1/500 dilution overnight at 4°C [10-11]. The membranes were washed with TBST and 

incubated with the appropriate HRP-conjugated secondary antibody in 1/5000 dilution for 1 h 

at room temperature. Detection of antigen was performed using the enhanced 

chemiluminescent detection method (Thermoscientific, USA). We have used Beta-tubulin as 

loading control for western blot to ensure equal loading throughout the gel as it is a 

housekeeping gene that exhibit high level, constitutive expression in the sample. 

2.10.Cytokine assay by ELISA 

Sandwich ELISA was used to determine cytokine concentrations from cell culture 

supernatant. Supernatants from different groups were normalized to the protein content by 

Lowry method before the assay and the levels of major pro-inflammatory cytokines and 
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chemokine including TNF-α, IL-1β, IL-6, IL-12, IFN-γ, and CXCL8 along with an anti 

inflammatory cytokine IL-10 were determined as per manufacturer’s guidelines of 

Raybiotech, Inc, USA in a BioRad ELISA Reader at 450 nm. Mouse IL-8 ELISA kit 

(catalogue No: MBS261967, Lot# 302410) was purchased from My Biosource. The 

minimum detectable levels for TNF-α is 60 pg/ml, IFN-γ is 5 pg/ml, IL-6 is <2 pg/ml, IL-1β 

is 5 pg/ml, IL-10 is 45 pg/ml, CXCL8 <3pg/ml as given in the manual. The minimum 

detectable limit of IL-12 (P40/P70) is typically less than 5pg/ml as provided with the data 

sheet from RayBiotech. Inc. 

2.11.Protein estimation 

Protein content of the supernatants and lysates were prepared after time dependant incubation 

in presence or absence of dual receptor blocking during infection was estimated according to 

the Lowry method [42]. 

2.12.Statistical analysis 

Isolated peritoneal macrophages from seven mice (n=7) were pooled together to obtain the 

requisite amount of cells (5x106 cells/ml) and the different parameters were measured. This 

was repeated for three times for each parameter then the mean value of these triplicate 

experiments were taken for calculation. Data was expressed as mean ± S.D. One-way model 

1 ANOVA (Analysis of Variance) was performed between the groups. In ANOVA observed 

variance is partitioned into components due to different explanatory variables. A level of p 

<0.05 was considered significant. Significant differences of the means between the groups 

were performed by One-Way ANOVA. Scheffe’s F-test had been done as post hoc test for 

multiple comparisons of means of different groups when significant F value was found. 

3.Results 

3.1.Expressions of TNFR1, IL-1R and CXCR1 on murine peritoneal macrophages 

during S. aureus infection 
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Expressions of TNFR1, IL-1R and CXCR1 were observed at 30, 60 and 90 minutes after S. 

aureus infection in murine peritoneal macrophages. It was observed that expressions of 

TNFR1, IL-1R and CXCR1significantly (p<0.05) increased at 30, 60 and 90 minutes after S. 

aureus infection in murine peritoneal macrophages (Fig. 1B-D). Expressions of TNFR1 (Fig. 

1B), IL-1R (Fig. 1D) and CXCR1 (Fig. 1C) in murine peritoneal macrophages were found to 

be highest at 60 minutes after S. aureus infection, which was significant (p<0.05) in 

comparison to other time points.  

3.2.Effects of anti-TNFR1 antibody mediated blocking of TNFR1 and IL-1R antagonist 

protein (IRAP) mediated blocking of IL-1R on the receptor expression (TNFR1 and IL-

1R) in murine peritoneal macrophages during S. aureus infection 

Expressions of TNFR1 as well as IL-1R at 60 minutes after S. aureus infection were 

evaluated by immunoblots in murine peritoneal macrophages pre-incubated with anti-TNFR1 

antibody at 5, 10 and 20 µg /ml doses, and IRAP at 20, 240 and 480 ng /ml doses 

respectively. It was observed that expressions of TNFR1 (Fig. 2C) and IL-1R (Fig. 2D) were 

decreased significantly (p<0.05) in a dose dependent manner, and the minimum inhibitory 

doses were 10 µg/ml and 240 ng/ml respectively for anti-TNFR1 antibody and IRAP. 

3.3.Effects dual receptor (TNFR1 plus IL-1R) blocking on the expression CXCR1 in 

murine peritoneal macrophages during S. aureus infection   

Expression of CXCR1 in murine peritoneal macrophages was evaluated by immunoblots 

from lysate at 60 minutes after S. aureus infection. It was observed that at 60 minutes after S. 

aureus infection in murine peritoneal macrophages, the expression of CXCR1was increased 

significantly (p<0.05) in comparison to the control groups. Our data suggested that 

CXCR1expression was decreased significantly (p<0.05) in  murine peritoneal macrophages 

pre-incubated separately with anti-TNFR1 antibody (10 µg /ml) as well as IL-1R antagonist 
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protein (240 ng /ml) at 60 minutes after S. aureus infection. On the other hand dual blocking 

of both TNFR1 as well as IL-1R in murine peritoneal macrophages also downregulated the 

CXCR1expression near the control values, which was significant at p<0.05 in comparison to 

the groups either pre-incubated with anti-TNFR1 antibody or IRAP alone (Fig. 3B).  

3.4.Effects of dual receptor (TNFR1 plus IL-1R)   blocking on phagocytosis of S. aureus 

by murine peritoneal macrophages 

Phagocytic activity of murine peritoneal macrophages after S. aureus infection was decreased 

in terms of decreased CFU/ ml into the cell free lysate. Our results indicated that 

intracellularly survived bacterial count (766 ± 28.87) at 60 min was significantly increased 

(p<0.05) after dual blocking of anti-TNFR1 antibody and IRAP mediated neutralization of 

TNFR1 and IL-1R in comparison to  groups where TNFR1 (720 ± 48.58) and IL-1R (650 ± 

24.2) were neutralized alone (Table 1). The decrease in phagocytic activity of murine 

peritoneal macrophages after S. aureus infection may suggest its correlation with CXCR1 

expression in murine peritoneal macrophages. 

3.5.Effects of dual receptor (TNFR1 plus IL-1R) blocking on   H2O2 release by murine 

peritoneal macrophages during S. aureus infection  

The amounts of H2O2 released by murine peritoneal macrophages in medium as well as in 

lysates after S. aureus infection following dual receptor blocking were estimated. It was 

observed that the amount of H2O2 released by murine peritoneal macrophages was 

significantly (p<0.05) increased in both medium (Fig. 4A) and in lysates (Fig. 4B) at 30, 60, 

and 90 minutes after S. aureus infection. The H2O2 release was also decreased in medium as 

well as in lysate following dual blocking of TNFR1 and IL-1R, in terms of µ moles/ 106 cells 

significantly (p<0.05) in comparison to the groups where TNFR1 and IL-1R were neutralized 

separately with anti-TNFR1 antibody or IRAP at 60 minutes after S. aureus infection (Fig. 
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4B). The H2O2release was also decreased in medium as well as in lysate following dual 

blocking of TNFR1 and IL-1R, in terms of µ moles/ 106 cells significantly (p<0.05) in 

comparison to S. aureus infected macrophages at 60 minutes after infection. Dual blocking of 

TNFR1 and IL-1R was observed to decrease the H2O2 release significantly (p<0.05) in 

comparison to the groups where TNFR1 and IL-1R were neutralized separately with anti-

TNFR1 antibody or IRAP at 60 minutes after S. aureus infection (Fig. 4B). This might be 

correlated to the decreased bacterial killing by murine peritoneal macrophages after dual 

receptor blocking.  

3.6.Effects of dual receptor (TNFR1 plus IL-1R) blocking on   superoxide anion (O2-) 

release by murine peritoneal macrophages during S. aureus infection  

The amounts of superoxide anion released after S. aureus infection into murine peritoneal 

macrophages at 30, 60 and 90 minutes of phagocytic time were estimated. It was observed 

from our results that S. aureus infection into murine peritoneal macrophages 

significantly(p<0.05) increased the superoxide anion production at 30, 60 and 90 minutes 

after infection in comparison to control macrophages both in the medium (Fig. 5A) as well as 

in lysates (Fig. 5B). It was also observed that superoxide production in terms of n moles/ 106 

cells was significantly (p<0.05) decreased following S. aureus infection in peritoneal 

macrophages after anti-TNFR1 antibody mediated TNFR1 and IRAP mediated IL-1R 

neutralization  separately at 60 minutes after S. aureus infection. Dual blocking of TNFR1 

and IL-1Rin S. aureus infected macrophages further decreased the superoxide production in 

significantly (p<0.05) in comparison to the S. aureus infected murine peritoneal macrophages 

at 60 minutes after infection. However, dual blocking of both TNFR1 and IL-1R in murine 

peritoneal macrophage endowed further decrease in superoxide anion production at 60 

minutes after S. aureus infection in comparison to the TNFR1 alone neutralized group both in 
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the medium (Fig. 5A) and as well as in lysates (Fig. 5B); and in comparison to the IL-1R 

alone neutralized groups significantly(p<0.05) only in lysates (Fig. 5B). 

3.7.Effects of dual receptor (TNFR1 plus IL-1R) blocking on   nitric oxide (NO) 

production by murine peritoneal macrophages during S. aureus infection  

Nitric oxide (NO) production after S. aureus infection in murine peritoneal macrophages at 

30, 60 and 90 minutes of phagocytosis were also estimated. Our data showed that S. aureus 

infection into peritoneal macrophages significantly (p<0.05) increased the NO production in 

terms of µmoles/ 106 cells at 30, 60 and 90 minutes in comparison to control macrophages 

both in the medium (Fig. 6A) as well as in lysates (Fig. 6B). It was also observed that NO 

production was significantly (p<0.05) decreased following S. aureus infection in peritoneal 

macrophages after separate neutralization of TNFR1 and IL-1R respectively by anti-TNFR1 

antibody or IRAP at 60 minutes after S. aureus infection. It was also observed from the 

results that dual blocking of TNFR1 and IL-1R in S. aureus infected macrophages 

significantly (p<0.05) decreased the NO production in comparison to the S. aureus infected 

murine peritoneal macrophages at 60 minutes after infection. However dual blocking of 

TNFR1 and IL-1R in macrophages endowed further decrease in nitric oxide production in 

comparison to the TNFR1 alone neutralized group as well as IL-1R alone neutralized groups 

at 60 minutes after S. aureus infection which was found significant (p<0.05) (Fig. 6A).  

3.8.Effects of dual receptor (TNFR1 plus IL-1R) blocking on   TNF-α, IL-1β, IL-6, IL-

12, IFN-γ, IL-10 and CXCL8 release by murine peritoneal macrophages during S. 

aureus infection 

Levels of pro-inflammatory cytokines like TNF-α, IL-1β, IL-6, IL-12 and IFN-γ; anti-

inflammatory cytokines like IL-10; as well as the chemokine CXCL8 were measured into the 

lysates from murine peritoneal macrophages at 30, 60 and 90 minutes after S. aureus 
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infection (Fig. 7). It was observed that S. aureus infection in peritoneal macrophages 

significantly (p<0.05) increased the TNF-α(Fig. 7A), IL-1β(Fig. 7B), IL-6(Fig. 7C), IL-12 

(Fig. 7D)and IFN-γ(Fig. 7E) release in terms of  pg/ ml at 30, 60 and 90 minutes after 

infection in comparison to control macrophages with concomitant rise in CXCL8 release 

(Fig. 7G);also the release of anti-inflammatory cytokine IL-10(Fig. 7F) was decreased 

simultaneously. It was also observed that TNF-α (Fig. 7A), IL-1β (Fig. 7B), IL-6 (Fig. 7C), 

IL-12 (Fig. 7D) and IFN-γ (Fig. 7E) production was significantly (p<0.05) decreased 

following S. aureus infection into peritoneal macrophages following separate neutralization 

with anti-TNFR1 antibody mediated TNFR1 and IRAP mediated IL-1R at 60 minutes after S. 

aureus infection. However, dual blocking of TNFR1 and IL-1R in S. aureus infected 

macrophages further decreased TNF-α (Fig. 7A), IL-1β (Fig. 7B), IL-6 (Fig. 7C), IL-12 (Fig. 

7D) and IFN-γ (Fig. 7E) release significantly (p<0.05) in comparison to the S. aureus 

infected macrophages at 60 minutes after infection. It was also observed that dual blocking of 

TNFR1 and IL-1R in S. aureus infected macrophages further decreased TNF-α (Fig. 7A), IL-

1β (Fig. 7B), IL-6 (Fig. 7C), IL-12 (Fig. 7D) and IFN-γ (Fig. 7E) release in comparison to the 

TNFR1alone neutralized group as well as IL-1R alone neutralized groups at 60 minutes after 

S. aureus infection which was significant at p<0.05. Dual blocking of TNFR1 and IL-1R was 

also reflected as significant (p<0.05) restoration in IL-10 (Fig. 7F) release by murine 

peritoneal macrophages in comparison to the S. aureus infected macrophages at 60 minutes 

after infection. Also the CXCL8 (Fig. 7G) release by peritoneal macrophages after S. aureus 

infection was attenuated significantly (p<0.05) following dual blocking of both TNFR1 and 

IL-1R.   

4.Discussion 

CXC chemokines mediate their biological responses by binding to chemokine receptors 

belonging to the large serpentine receptor family with seven transmembrane loops, linked to a 
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G-protein for signal transduction [43]. Since CXCL8 is essential in maintaining a normal 

homeostasis, its aberrant production and CXCR1 signaling can lead to inflammatory disease 

process. As macrophage-derived CXCL8 play a central role in recruiting leucocytes, 

regulation of CXCR1 under the influence of bacterial substances and inflammatory cytokines 

may be relevant to impairment of leucocyte functions during staphylococcal sepsis.  Infection 

induced TNF-α and IL-1β have been shown to produce CXCL8 in macrophages. 

Additionally, CXCL8 secretion is induced in macrophages treated with live S. aureus or its 

cellular components. With this background, we are interested  to figure out whether the   

differences in the expression  of  CXCR1 in macrophages requires the presence of  both cell 

surface TNFR1 and IL-1R during S.aureus infection or due to the presence of other mediator 

molecules (like ROS and cytokines) in the pathogenesis of S.aureus infection along with 

secretion of CXCL8.  

 In an effort to identify biological mechanisms contributing to the enhanced intracellular 

survival of S. aureus in  TNFR1 plus IL-1R blocked macrophages  and macrophages having 

intact TNFR1/IL-1R, we first assessed S. aureus replication  in the macrophages after 30, 60 

and 90 min  post infection, that correlated with reductions in cytokines as shown in Table 1. 

We found that dual blocking of two receptors displayed a reduction in macrophage functional 

response (bacterial killing) and CXCL8 production, compared with intact TNFR1/IL-1R. 

Bacterial CFU were significantly higher in TNFR1 plus IL-1R blocked macrophages, 

compared with receptor intact macrophages, on 90 min post infection (P <0.05), suggesting a 

role for TNF-α and/or IL-1β in controlling the killing of S. aureus by macrophages. 

Neutralization of TNFR1 and or IL-1R could be effective in treatment of patient with 

staphylococcal infections, when CXCL8 induction is the main pathway inducing 

inflammation. Such models would be useful for studying of inflammation in different 

diseases in which CXCL8 is expressed. It could be suggested that these response might 
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reflect an attempt of the host in reducing excessive inflammation induced by the recruited 

leukocytes at the site of infection. 

 However, because of the functional redundancy of some cytokine products, the effect of 

blocking only one cytokine might be masked by compensatory host responses. To determine 

the combined contributions of TNFR1 and IL-1R to the CXCL8/CXCR1 responses to S. 

aureus  infection, we utilized murine peritoneal macrophages  where surface TNFR1 

receptors and IL-1 receptor were blocked and measured their responses to a virulent S. aureus 

on CXCR1 expression. Our data has shown increased expression of TNFR1, IL-1R1 and 

CXCR1 after live S. aureus infection at 60 min. (Fig 1). Expression of TNFR1 and IL-1R 

receptors due to viable S. aureus infection have been found specific as they were dose 

dependently downregulated respectively by anti-TNFR1 antibody and IRAP indicating the 

minimum concentration of the antagonists (Fig 2). Previous report has shown rapid increase 

in expression of the murine CXCR1 after experimental infection also supported our findings 

on increased CXCR1 expression after S. aureus infection by peritoneal macrophages. 

CXCR1, but not CXCR2, was shown to account for the increased binding of IL-8 to infected 

cells. [44].We have detected the CXCR1 band at 40 kDa using this primary antibody to 

CXCR1 from Biorbyt (Catalogue Number: orb10487) which is polyclonal, Host is rabbit and 

it reacts with Human, Mouse, Rat, having a molecular weight of 40kDa as provided with the 

data sheet for this antibody. So we obtained CXCR1 at 40kDa. Therefore, we have mentioned 

about the molecular weight of the CXCR1 at 40kDa. We are unable to detect expression of 

CXCR1 in control macrophages (without S. aureus infection both in acute and long-term 

infection) particularly in this Swiss albino mouse by using only western blot or immunoblot. 

This may be due to lower amount of receptor protein content as opposed to peritoneal 

macrophage cell number. Some other sophisticated techniques like PCR, RT-PCR for mRNA 
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expression or by FACS analysis this receptor protein from uninfected control cells might be 

detected or visualized from these Swiss albino mice. 

Some experimental evidence suggests that TNF-α and IL-1β are important in promoting 

mechanisms leading to inflammation, whereas neutralization of both TNFR1 and IL-1R may 

be more important to study their implication in inflammatory diseases [45-46]. Moreover, as 

TNF-α and IL-1β are critical cytokines that orchestrates host defenses against S. 

aureus via TNFR1 and IL-1R and are crucial for the eradication of bacteria [47-48] we 

are interested to see whether combined blocking of these two receptors have any impact 

on S. aureus induced CXCR1 expression as well as on production of CXCL8. 

Interestingly we found reduced CXCR1 expression when both the TNFR1 and IL-1R 

were blocked prior to S.aureus infection (Fig 3). 

Macrophage derived CXCL8 also enhances the release of ROS (reactive oxygen species) and 

increases chemotaxis and the enhanced expression of adhesion molecules [49-50]. To clarify 

the role of cell surface TNFR1 and IL-1R on  S. aureus induced ROS production, we blocked 

cell surface TNFR1 and IL-1R by adding anti-TNFR1  antibodies and IRAP respectively to 

peritoneal macrophage cell  suspensions before stimulation with live S. aureus and the 

amount of H2O2, superoxide anion and nitric oxide released in the above conditions were 

determined.  We found that blocking of both TNFR1 and IL-1R displayed a reduction in 

macrophage functional response as opposed to ROS and NO production, compared with 

intact TNFR and/or IL-1R during S. aureus infection (Fig 4-6).  

The specific cytokine profile contributing to the differences in macrophage response  

observed between infected TNFR1 plus IL-1R blocked macrophages  and macrophages 

having intact TNFR1/IL-1R are also presented here. Results shows that anti-TNFR1 

antibody, IRAP separately, or both of them could inhibit IL-1β and TNF-α along with 

CXCL8  production from S. aureus stimulated macrophages (Fig 7), suggesting that there 
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might be  an obligatory pathway in the induction of CXCR1 and CXCL8  through TNF-α or 

IL-1β [51-52]. In a bacterial pneumonia model, inhibiting the actions of TNF-α or IL-1β 

individually results in little improvement in lung inflammation, compared with blocking both 

proinflammatory pathways simultaneously [53], suggesting functional redundancy among 

these cytokines. Thus, studying the effect of deleting individual cytokines might be of limited 

significance. In this study, we investigated the effects of inhibiting the actions of both TNFR1 

receptor and IL-1 type I receptor in peritoneal macrophages challenged with a lethal S. 

aureus in macrophages, then functional  macrophage response and cytokine production were 

compared with intact TNFR1 and/or IL-1R. Since CXCL8 plays a central role in regulating 

leucocytes, therefore, regulation of CXCR1 under the influence of bacterial substances and 

inflammatory cytokines may be relevant to impairment of leukocyte functions during sepsis 

[54]. We demonstrate that the effect of S. aureus was TNF-α and IL-1β-mediated, since 

antibody to TNFR1 and IRAP abrogated expression of CXCR1 induced by S. aureus.  In 

order to investigate whether CXCL8 is responsible for the induction of CXCR1 in peritoneal 

macrophages, we infected peritoneal macrophages  with S. aureus in the presence of CXCL8-

neutralizing antibodies and found that this addition did affect CXCR1 expression.  

Although the most of the studies on the biology of CXCL8 and their receptors have been 

done  in polymorphonuclear leukocytes, but many other cells express CXCR1/CXCR2, 

including epithelial, endothelial, fibroblasts and neurons, contributing to the biological effects 

of CXCL8 [55].There is substantial amount of experimental data suggesting that CXCL8 

and receptors contribute to elimination of pathogens, but may also contribute significantly to 

inflammatory  diseases. Overall, the findings have been summarized in the scheme 1. S. 

aureus infection in murine peritoneal macrophages increases intracellular ROS production 

via interaction with the PRRs (e.g. TLRs) present on the cell membrane, which also increases 

the release of pro-inflammatory cytokines like TNF-α, IL-1β etc. from the macrophages. 
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Interaction of these cytokines with their specific receptors (i.e. TNFR1 and IL-1R) in turn 

increases the production of pro-inflammatory cytokines as well as CXCL8. CXCL8 is a chief 

chemokine, which also interacts with its receptor present on the surface of macrophages 

(CXCR1) to further increase the production of ROS and proinflammatory cytokines in a 

positive feedback mechanism. These all lead to increase in intracellular killing of S. aureus 

by the macrophages. On the other hand neutralization of the TNFR1 and IL-1R by anti-

TNFR1 antibody and IRAP respectively significantly decreases the influence of these 

receptors on CXCR1 function as well as decreases the ROS production; these all lead to the 

decreased production of TNF-α, IL-1β as well as CXCL8 release by the macrophages. In 

absence of TNF-α/TNFR1 and IL-1β/IL-1R mediated signals macrophages become unable to 

generate sufficient amount of ROS by CXCL8 /CXCR1 signaling pathway, leading to 

decrease in intracellular killing which facilitates increased intracellular survival of bacteria. 

Since CXCL8 plays a central role in regulating leukocyte recruitment, downregulation of 

CXCR1 under the influence of S. aureus and inflammatory cytokines may be relevant to 

impairment of macrophage function during sepsis. Loss of CXCR1 during dual receptor 

blocking might resulted in CXCL8 non-responsiveness, which is the predominant contributor 

to the impairment of bacterial killing due to less recruitment of leukcoytes in CXCL8 

dominant inflammatory diseases like sepsis. Our basic in vitro study on  dual receptor 

blocking particularly for TNFR1 and IL-1R could be extrapolated in the amelioration of S. 

aureus induced inflammatory diseases like septic arthritis, sepsis etc. using in vivo mouse 

model. Therefore, selective targeting of the dual receptor blocking (TNFR1 plus IL-1R) may 

render better outcomes during S. aureus infection than are currently available in regard to 

CXCR1 activation via TNFR1 and IL-1R. Further studies are required to validate our 

findings after application of silencing RNA for TNFR1 or IL-1R, or using a cell line where 
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TNFR1 and IL-1R both have been knocked out, in vitro or in vivo S. aureus infection model 

as opposed to CXCR1/CXCL8 signalling in macrophages. 

 

Scheme-1: Possible explanation for the impairment of CXCR1 during TNFR1 and IL-

1R blocking in macrophages after S. aureus infection 

Because IL-1β and TNF-α are autocrine mediators for CXCL8 secretion (Scheme-1A), the 

role of IL-1β and TNF-α in the induction of CXCL8  by S. aureus was examined by dual 

blocking of the action of these two cytokines with the IRAP  and a neutralizing anti-TNFR1 

antibody, when present, were added prior to bacterial infection. Results shows that anti-

TNFR1, IRAP,  or both could inhibit IL-1β and TNF-α along with CXCL8  production from 

S. aureus stimulated macrophages, suggesting that there might be  an cross-talk in the 

induction of CXCR1 and CXCL8  through TNF-α or IL-1β utilizing surface TNFR1 and IL-

1R (Scheme-1B) 
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Legends to the Figures: 

Fig. 1 Expression of TNFR1, IL-1R and CXCR1 in  murine peritoneal macrophages at 

different time points after S. aureus infection 

Expressions of (A) TNFR1, CXCR1 and IL-1R in murine peritoneal macrophages were 

determined by immunoblot; respective fold changes were shown in arbitrary units, i.e. for (B) 

TNFR1, (C) IL-8R and (D) IL-1R; and the values were shown as mean ± SD (n = 6/group). 

The peritoneal macrophages of Swiss albino mice were isolated. Murine peritoneal 

macrophages (5x106 cells/ml) were infected with S. aureus (5x106CFU/ml) for 30, 60, and 90 

min at 37 °C. Whole-cell lysates were prepared for the analysis of TNFR1, IL-1R and 

CXCR1. All the samples were probed with β-tubulin to show equal amount of protein 

loading.*Significant difference (p<0.05) with respect to uninfected control macrophage.  

Fig. 2 Effects of anti-TNFR1 antibody mediated blocking of TNFR1 and IRAP mediated 

blocking of IL-1R on the expression of TNFR1 and IL-1R in murine peritoneal 

macrophages after S. aureus infection 

Expressions of (A) TNFR1 and (B) IL-1R in murine peritoneal macrophages following S. 

aureus infection were determined by immunoblot after anti-TNFR1 antibody mediated 

blocking of TNFR1 and IL-1R antagonist protein (IRAP) mediated blocking of IL-1R; 

respective fold changes were shown in arbitrary units, i.e. for (C) TNFR1 and (D) IL-1R; and 

the values were shown as mean ± SD (n = 6/group). The peritoneal macrophages of Swiss 

albino mice were isolated. Murine peritoneal macrophages (5x106 cells/ml) were infected 

with S. aureus (5x106CFU/ml) for 60 min at 37°C. Whole-cell lysates were prepared for the 

analysis of TNFR1, and IL-1R after anti-TNFR1 antibody mediated blocking of TNFR1 (at 5, 

10 and 20 µg/ml doses) and IRAP mediated blocking of IL-1R (at 120, 240 and 480ng/ml 

doses). All the samples were probed with β-tubulin to show equal amount of protein loading.  
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*Significant difference (p<0.05) with respect to uninfected control macrophage; #Significant 

difference (p<0.05) with respect to S. aureus infected macrophage; $Significant difference 

(p<0.05) with respect to isotype control antibody + S. aureus infected macrophage; 

^Significant difference (p<0.05) with respect to anti-TNFR1 antibody (5 µg/ml) + S. aureus 

infected macrophage or IRAP (120ng/ml) + S. aureus infected macrophage;&Significant 

difference (p<0.05) with respect to anti-TNFR1 antibody (10 µg/ml) + S. aureus infected 

macrophage or IRAP (240 ng/ml) + S. aureus infected macrophage. 

 

Fig. 3 Effects of anti-TNFR1 antibody mediated blocking of TNFR1 and IRAP mediated 

blocking of IL-1R on the expression of CXCR1 in  murine peritoneal macrophages after 

S. aureus infection 

Expressions of (A) CXCR1 in murine peritoneal macrophages following S. aureus infection 

were determined by immunoblotafter anti-TNFR1 antibody mediated blocking of TNFR1 and 

IL-1R antagonist protein (IRAP) mediated blocking of IL-1R; respective fold changes were 

shown in arbitrary units (B); and the values were shown as mean ± SD (n = 6/group). The 

peritoneal macrophages of Swiss albino mice were isolated. Murine peritoneal macrophages 

(5x106 cells/ml) were infected with S. aureus (5x106CFU/ml) for 60 min at 37°C. Whole-cell 

lysates were prepared for the analysis of CXCR1 after anti-TNFR1 antibody mediated 

blocking of TNFR1 (at 10 µg/ml doses) and IRAP mediated blocking of IL-1R (240 ng/ml 

dose). All the samples were probed with β-tubulin to show equal amount of protein loading. 

*Significant difference (p<0.05) with respect to uninfected control macrophage; #Significant 

difference (p<0.05) with respect to S. aureus infected macrophage; $Significant difference 

(p<0.05) with respect to anti-TNFR1 antibody + S. aureus infected macrophage; ^Significant 

difference (p<0.05) with respect to IRAP + S. aureus infected macrophage.  
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Fig. 4 Effects of dual receptor (TNFR1 plus IL-1R) blocking on   H2O2 release by 

murine peritoneal macrophages during S. aureus infection  

Hydrogen peroxide (H2O2) releases by the murine peritoneal macrophages after S. aureus 

infection in the presence or absence of anti-TNFR1 antibody and/or IRAP were evaluated. 

Murine peritoneal macrophages (5x106 cells/ml) were allowed to interact with S. aureus 

(5x106 CFU/ml) in a 1:1 cell/bacterium ratio incubated at 37°C cell culture incubator for 30, 

60 and 90 minutes. Supernatants (A) and lysates (B) were prepared as mentioned earlier. 

H2O2 content was expressed in terms of µ.mole/106cells.  

Gr I =Control macrophages, Gr II= Isotype IgG treated macrophages, Gr III= S. aureus (SA) 

infected macrophages, Gr IV= anti TNFR1 antibody treated +SA, Gr V= IRAP treated 

macrophages + SA, Gr VI= anti TNFR1 antibody + IRAP treated macrophages +SA. Results 

are shown as mean ± SD (n=6/group). *Significant difference (p<0.05) with respect to 

uninfected control macrophage; #Significant difference (p<0.05) with respect to isotype 

control antibody; $Significant difference (p<0.05) with respect to S. aureus infected group; 

@Significant difference (p<0.05) with respect to anti-TNFR1 antibody (10 µg/ml) + S. aureus 

infected group; %Significant difference (p<0.05) with respect to IRAP (240 ng/ml) + S. 

aureus infected group; &Significant difference (p<0.05) with respect to 30 min; ^Significant 

difference (p<0.05) with respect to 60 min. 

Fig. 5 Effects of dual receptor (TNFR1 plus IL-1R) blocking on   superoxide anion (O2-) 

release by murine peritoneal macrophages after S. aureus infection  

Superoxide anion (•O2
–) releases by the murine peritoneal macrophages after S. aureus 

infection in the presence or absence of anti-TNFR1 antibody and/or IRAP were measured. 

Murine peritoneal macrophages (5x106 cells/ml) were allowed to interact with S. 

aureus(5x106 CFU/ml) in a 1:1 cell/bacterium ratio incubated at 37 °C cell culture incubator 

for 30, 60 and 90 minutes. Supernatants (A) and lysates (B) were prepared as mentioned 
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earlier. The •O2
–content was expressed in terms of µ.mole/106cells. Gr I =Control 

macrophages, Gr II= Isotype IgG treated macrophages, Gr III= S. aureus (SA) infected 

macrophages, Gr IV= anti TNFR1 antibody treated +SA, Gr V= IRAP treated macrophages + 

SA, Gr VI= anti TNFR1 antibody + IRAP treated macrophages +SA. Results are shown as 

mean ± SD (n=6/group). *Significant difference (p<0.05) with respect to uninfected control 

macrophage; #Significant difference (p<0.05) with respect to isotype control antibody; 

$Significant difference (p<0.05) with respect to S. aureus infected group; @Significant 

difference (p<0.05) with respect to anti-TNFR1 antibody (10 µg/ml) + S. aureus infected 

group; %Significant difference (p<0.05) with respect to IRAP (240 ng/ml) + S. aureus 

infected group; &Significant difference (p<0.05) with respect to 30 min; ^Significant 

difference (p<0.05) with respect to 60 min. 

Fig.6 Effects of dual receptor (TNFR1 plus IL-1R) blocking on   nitric oxide (NO) 

production by murine peritoneal macrophages during S. aureus infection  

Nitric oxide (NO) released by the murine peritoneal macrophages after S. aureus infection in 

the presence or absence of anti-TNFR1 antibody and/or IRAP were measured. Murine 

peritoneal macrophages (5x106 cells/ml) were allowed to interact with S. aureus (5x106 

CFU/ml) in a 1:1 cell/bacterium ratio incubated at 37°C cell culture incubator for 30, 60 and 

90 minutes. Supernatants (A) and lysates (B) were prepared as mentioned earlier. The NO 

content was expressed in terms of µ.mole/106cells. Gr I =Control macrophages, Gr II= 

Isotype IgG treated macrophages, Gr III= S. aureus (SA) infected macrophages, Gr IV= anti 

TNFR1 antibody treated +SA, Gr V= IRAP treated macrophages + SA, Gr VI= anti TNFR1 

antibody + IRAP treated macrophages +SA. Results are shown as mean ± SD (n=6/group). 

*Significant difference (p<0.05) with respect to uninfected control macrophage; #Significant 

difference (p<0.05) with respect to isotype control antibody; $Significant difference (p<0.05) 

with respect to S. aureus infected group; @Significant difference (p<0.05) with respect to 
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anti-TNFR1 antibody (10 µg/ml) + S. aureus infected group; %Significant difference 

(p<0.05) with respect to IRAP (240 ng/ml) + S. aureus infected group; &Significant 

difference (p<0.05) with respect to 30 min; ^Significant difference (p<0.05) with respect to 

60 min. 

Fig.7 Effects of dual receptor (TNFR1 plus IL-1R) blocking on   TNF-α, IL-1β, IL-6, IL-

12, IFN-γ, IL-10 and CXCL8 release by murine peritoneal macrophages during S. 

aureus infection 

Release of TNF-α (A), IL-1β (B), IL-6 (C), IL-12 (D), IFN-γ (E), IL-10 (F) and CXCL8(G) 

by the murine peritoneal macrophages after S. aureus infection in the presence or absence of 

anti-TNFR1 antibody and/or IRAP were measured. Murine peritoneal macrophages (5x106 

cells/ml) were allowed to interact with S. aureus (5x106 CFU/ml) in a 1:1 cell/bacterium ratio 

incubated at 37°C cell culture incubator for 30, 60 and 90 minutes. TNF-α, IL-1β, IL-6, IL-

12, IFNγ, IL-10 and CXCL8 contents were expressed in terms of pg/ml. Gr I =Control 

macrophages, Gr II= Isotype IgG treated macrophages, Gr III= S. aureus (SA) infected 

macrophages, Gr IV= anti TNFR1 antibody treated +SA, Gr V= IRAP treated macrophages + 

SA, Gr VI= anti TNFR1 antibody + IRAP treated macrophages +SA. Results are shown as 

mean ± SD (n=6/group). *Significant difference (p<0.05) with respect to uninfected control 

macrophage; #Significant difference (p<0.05) with respect to isotype control antibody; 

$Significant difference (p<0.05) with respect to S. aureus infected group; @Significant 

difference (p<0.05) with respect to anti-TNFR1 antibody (10 µg/ml) + S. aureus infected 

group; %Significant difference (p<0.05) with respect to IRAP (240 ng/ml) + S. aureus 

infected group; &Significant difference (p<0.05) with respect to 30 min; ^Significant 

difference (p<0.05) with respect to 60 min. 

Table 1. Effects of dual receptor (TNFR1 plus IL-1R)   blocking on phagocytosis of S. 

aureus by murine peritoneal macrophages 
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Colony-forming unit of the engulfed S. aureus recovered after time-dependent phagocytosis 

with murine peritoneal macrophages in the presence or absence of anti-TNFR1 antibody 

and/or IRAP were counted. S. aureus (5x106 CFU/ml) were allowed to interact with murine 

peritoneal macrophages (5x106 cells/ml) in the presence or absence of anti-TNFR1 antibody 

or IRAP, and incubated for different times at 37°C for 30, 60, and 90 min. Macrophages were 

lysed, plated and incubated overnight to obtain the CFU of the intracellularly survived 

bacteria next day. Results were shown as means ± SD (n=6/group).$Significant in comparison 

to macrophage at 30, 60 and 90 minutes after S. aureus infection (SAM); @Significant in 

comparison to anti-TNFR1 antibody treated macrophage at 30, 60 and 90 minutes after S. 

aureus infection (SAM+TNFR1ab); %Significant in comparison to IRAP treated macrophage 

at 30, 60 and 90 minutes after S. aureus infection (SAM+IRAP); &Significant in comparison 

to 30 minutes; ^Significant in comparison to 60 minutes. 
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Table 1. Phagocytosis assay 

Groups CFU/ml of cell free lysate  
(Means ± SD) 

S. aureus infected macrophage (SAM) for 30 min  
 

             360 ± 28.28 

S. aureus infected macrophage (SAM) for 60 min  
 

             560 ± 42.42
& 

 

S. aureus infected macrophage (SAM) for 90 min  
 

             720 ± 56.56
&^

 

S. aureus infected macrophage + anti-TNFR1 antibody 
(SAM+TNFR1ab) for 30 min 

             450 ± 24.2
$
 

S. aureus infected macrophage + anti-TNFR1 antibody 
(SAM+TNFR1ab) for 60 min 

             720 ± 48.58
&$

 

S. aureus infected macrophage + anti-TNFR1 antibody 
(SAM+TNFR1ab) for 90 min 

             940 ± 74.42
&^$

 

S. aureus infected macrophage + anti-IL-1R antibody  
(SAM+IL-1Rab) for 30 min 

             500 ± 40.02
$
 

S. aureus infected macrophage + anti- IL-1R antibody  
(SAM+IL-1Rab) for 60 min 

             650 ± 24.2
&$

 

S. aureus infected macrophage + anti- IL-1R antibody  
(SAM+IL-1Rab) for 90 min 

             560 ± 42.42
^$@

 

S. aureus infected macrophage + anti-TNFR1 antibody + anti- IL-1R 
antibody (SAM+TNFR1ab+IL-1Rab) for 30 min 

             720 ± 56.56
$@%

 

S. aureus infected macrophage + anti-TNFR1 antibody + anti- IL-1R 
antibody (SAM+TNFR1ab+IL-1Rab) for 60 min 

             766 ± 28.87
$%

 

S. aureus infected macrophage + anti-TNFR1 antibody + anti- IL-1R 
antibody (SAM+TNFR1ab+IL-1Rab) for 90 min 

             688 ± 96.42
@

 

 

$Significant in comparison to macrophage at 30, 60 and 90 minutes after S. aureus infection 

(SAM); @Significant in comparison to anti-TNFR1 antibody treated macrophage at 30, 60 

and 90 minutes after S. aureus infection (SAM+TNFR1ab); %Significant in comparison to 
anti- IL-1R antibody treated macrophage at 30, 60 and 90 minutes after S. aureus infection 
(SAM+IL-1Rab);  

&Significant in comparison to 30 minutes; ^Significant in comparison to 60 minutes 
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Research Highlights 

• TNFR1 plus IL-1R blocked  macrophages were infected with live S. aureus  

• S. aureus survived  in TNFR1 plus IL-1R blocked macrophages  

• Blocking of both TNFR1 and IL-1R downregulates CXCR1expression  

• Decreased cytokine and  ROS production in dual receptor blocking 

• TNFR1 plus IL-1R blocking  may regulate inflammation 


