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Abstract Results
Lcn2 promotes spread of S. aureus from biofilm into soft tissue:Staphylococcus aureus is a leading cause of implant-associated infections due to biofilm 

formation, antimicrobial resistance, and immune modulation, resulting in persistent 

infection and bacteremia. Neutrophil recruitment via CXC chemokine receptor 2 (CXCR2) 

is critical for host defense, but its role in biofilm-associated infection remains unclear. We 

investigated CXCR2 function in a murine S. aureus implant infection model using 

subcutaneous catheters infected with a community-associated MRSA strain. Mice received 

Lipocalin-2 (Lcn2) to enhance CXCR2 expression or AZD5069 to inhibit CXCR2 signaling. 

Both Lcn2 and AZD5069 treatment resulted in significantly increased bacterial burdens in 

implants and surrounding tissues, accompanied by elevated Cxcr2 expression. These 

findings demonstrate that disruption of CXCR2 signaling, either upregulation or inhibition, 

impairs bacterial control, suggesting that CXCR2-mediated neutrophil responses require 

precise regulation during S. aureus biofilm infection.

Conclusions

Overview
CXCR2 interactions on neutrophils:

Methods
S. aureus strain and culture conditions: S. aureus culture: USA300 MRSA grown in Brain 

Heart Infusion Broth (16 hr, 37 °C, 250 rpm), washed with PBS; and optical density 600 used 

for inoculum.

CXCR2 is a G-coupled protein receptor expressed on immune cells, notably neutrophils 

where it mediates recruitment to infection sites, chemotaxis, integrin activation for 

extravasation and mobilization of hematopoietic stem cells from the bone marrow.2,3

Lcn2 treatment increased bacterial burdens in catheter-associated tissues without 

affecting implant-associated burdens (Fig 1A, B). Infected tissues demonstrated a ~2-fold 

increase in Cxcr2 transcription versus sterile controls, while Lcn2 had no effect in sterile 

implants (Fig 1C), indicating an increased presence of CXCR2-expressing cells at active 

infection sites. Furthermore, Cxcr2 expression in tissues associated with sterile implants 

was unchanged in mice receiving any dose of Lcn2, revealing that recruitment of CXCR2 

expressing cells was depending on infection Lcn2 induced a dose-dependent ~8-fold 

increase in Cxcr2 expression in infected tissues only, with no changes in spleen. (data not 

shown). Together, S. aureus infection recruits CXCR2-expressing cells, and that Lcn2-

mediated enhancement of Cxcr2 induction promotes bacterial dissemination from the 

biofilm into surrounding soft tissues.

CXCR2 tightly regulates severity of S. aureus implant-associated infection; both 

upregulation and inhibition increase bacterial burden, indicating a requirement for 

balanced signaling. Dysregulated CXCR2 may promote infection via altered myeloid 

responses, including MDSC recruitment and macrophage-mediated immune modulation.

AZD5069 promotes S. aureus biofilm infection development:

References
1. Russo RC, Garcia CC, Teixeira MM, Amaral FA. The CXCL8/IL-8 chemokine family and its receptors in inflammatory diseases. Expert Rev 

Clin Immunol. 2014 May;10(5):593-619. doi: 10.1586/1744666X.2014.894886. Epub 2014 Mar 29. PMID: 24678812.

2. Zhang X, Guo R, Kambara H, Ma F, Luo HR. The role of CXCR2 in acute inflammatory responses and its antagonists as anti-inflammatory 

therapeutics. Curr Opin Hematol. 2019 Jan;26(1):28-33. doi: 10.1097/MOH.0000000000000476. PMID: 30407218; PMCID: PMC6994181.
3. Eisele NA, Lee-Lewis H, Besch-Williford C, Brown CR, Anderson DM. Chemokine receptor CXCR2 mediates bacterial clearance rather than 

neutrophil recruitment in a murine model of pneumonic plague. Am J Pathol. Mar 2011;178(3):1190-200. doi:10.1016/j.ajpath.2010.11.067

S. aureus alone

Co-culture

Co-culture

1University of Colorado School of Medicine, Aurora, CO; 2Department of Environmental and Radiological Health Sciences, Colorado State University, Fort Collins CO.,
3Department of Microbiology, Immunology and Pathology, Colorado State University, Fort Collins, CO.

AZD5069 

increased bacterial 

burdens in 

catheters and 

surrounding tissues 

and was associated 

with greater weight 

loss versus vehicle 

(Fig 2A-C). 

AZD5069 also 

induced an 8–14-

fold increase in 

Cxcr2 expression 

(Fig 2D). The data 

demonstrate that 

inhibition of CXCR2 

activity worsens S. 

aureus infection 

severity, promoting 

higher bacterial 

burden and tissue 

invasion.

Lack of neutrophil recruitment during S. aureus 
biofilm mediated infection leads to the biofilm's 

establishment and persistence
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Study Timeline: 5 Days Total
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Processing: Mice were euthanized; 

catheters were removed, vortexed, and 

sonicated in PBS to dissociate bacteria. 

Surrounding tissue and spleen were 

collected. Tissue samples homogenized in 

PBS with protease inhibitors for 

quantitative real-time PCR. Bacterial 

burdens were quantified on blood agar 

plates and expressed as CFU/mL 

(catheters) or CFU/g (tissue).
Lcn2 as a CXCR2 Inducer

Modified 

from Ye, et 

al. (2016)

AZD5069 as a 

CXCR2 Antagonist

Day 1 (Begin Intraperitoneal Dosing) Day 2 – Day 5 (Continue Daily IP Dosing) Day 6 (Get Samples)

Processing: At the end of the study duration, mice were sacrificed with CO2 inhalation and cervical 

dislocation. For post-infection tissue collection and bacterial enumeration, catheters were removed 

and placed in 0.1 mL PBS on ice prior to vortexing and sonication to dissociate bacteria from the 

catheter surface. Spleens were collected and flash frozen. Soft tissue surrounding the catheter was 

collected, and a small (~10 mg) portion placed in 100 µL of RNAprotect Tissue Reagent. The 

remaining tissue was weighed using an analytical balance and dissociated using Pellet Pestles in 0.5 

mL PBS containing 1x EDTA-free protease inhibitor cocktail on ice. Bacterial titers were quantified on 

BAP and expressed as CFU per mL for catheters or CFU per gram of tissue.

Quantitative real-time PCR: Total tissue RNA was collected from RNAprotect stabilized tissues using 

an RNeasy kit. Tissues were disrupted in Lysing Matrix S tubes containing 0.6 mL Buffer RLT using a 

Bead Ruptor. cDNA was generated using Superscript IV reverse transcriptase and qRT-PCR was 

performed using TaqMan Fast Advance Master Mix with primer-probes specific for Gapdh and Cxcr2.

CXCR2-induced neutrophil recruitment1
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Hypothesis: Lcn2 treatment 

would lead to reduced bacterial 

burdens during our implant 

model of S. aureus infection 

while CXCR2 antagonism would 

inhibit neutrophil recruitment 

and therefore increase infection 
severity 
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A promising avenue for exploration involves 
investigating the potential recruitment and 
activity of myeloid-derived suppressor cells 
(MDSC) during CXCR2 perturbations. This could 
provide an explanation for the observed increase 
in infection establishment. The polarizing impact 
of macrophages and their subsequent immune 
influence may promote infection, potentially 
overshadowing the protective effects of 
neutrophil chemotaxis and activation induced by 
CXCR2

Mouse flank catheter model of S. aureus infection:  8-week-old C57BL/6 mice were 

anesthetized and subcutaneous catheters were surgically inserted to the left flank. 20 µL of 

MRSA USA300 (103 CFU) was subsequently injected intraluminally. Study duration: 5 days.

-Treatment groups: Daily IP injections of lipocalin-2 (Lcn2; 50, 75, 100 ng/g) or CXCR2 

inhibitor AZD5069 (50 µg/g in 45% PW, 40% PEG-300, 10% DMSO, 5% Tween-80). 

-Control groups: Control groups included infected mice receiving daily IP vehicle and 
sterile mice (no inoculum) receiving daily IP vehicle or treatment.
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