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RELAZIONE:  
 
Background 
 
Chemokines are small, chemotactic proteins implicated in health and disease by orchestrating leukocyte 

recruitment to sites of inflammation. These molecules are classified into four groups named CXC or α, CC or 

β, C or γ, and CX3C or δ chemokines [1]. They direct leukocytes to sites of inflammation, using specific 

chemokine receptors bind to heterotrimeric G proteins known as inflammatory chemokine receptors (iCCRs) 

[2]. Each receptor can bind to multiple ligands of the same family; however, redundancy, ligand sharing and 

overlapping expression patterns typify the inflammatory chemokine/receptor system [3, 4]. Chemokines are 

expressed by endothelial cells, smooth muscle cells and emigrated leukocytes. They are involved in vascular 

inflammation and in the development of atherosclerosis; however, there is still a lively debate about the 

precise role of the various receptors in disease formation and development [5-7]. The overall role of the 

classic inflammatory CC-chemokine receptors CCR1, CCR2 and CCR5 in atheroma formation appears to be 

contradicting [8-13]. Therefore, there is an insufficient understanding of the complex roles played by 

chemokine receptors in regulating vascular inflammation, which has precluded the development of targeted 

therapies.  

Aim 

During this year we sought to clarify the role of iCCRs in experimental atherosclerosis. 

Methods 

Animals 

To facilitate tracking of iCCR expression and localization, we generated unique mice, iCCR’-reporter mice 

(GGiREP), carrying fluorescent reporters of inflammatory chemokine receptor expression. These mice 
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possessed a randomly inserted BAC (bacterial artificial chromosome) in their genomes which encodes for the 

classic inflammatory CC-chemokine receptors (iCCR) locus, but the genes for the iCCRs themselves have been 

replaced with genes encoding for fluorescent proteins (CCR3-mTagBFP2, CCR1-Clover, CCR2-mRuby2, CCR5-

IRFP682). Also, to assess the integrated contribution of iCCRs to atherosclerosis formation, the whole iCCR 

cluster on chromosome 9 was deleted, resulting in an iCCR KO (CCR1, CCR2, CCR3, CCR5 KO) mouse. 

Induction of experimental atherosclerosis 

Experimental atherosclerosis was induced in GGiREP, iCCR KO mice and control mice by gene transfer of 

proprotein convertase subtilisin/kexin type 9 (PCSK9) that binds hepatic low-density lipoprotein (LDL) 

receptors directing them for degradation in lysosomes. Briefly, a single intravenous AAV-PCSK9DY injection 

increases LDL levels in mice resulting in rapid and long- 4 terms sustained hyperlipidemia and atherosclerosis. 

Following a single intravenous vector injection, mice were fed a high-fat Western diet (21% fat, 0.15% 

cholesterol, 0% cholate) for 12 weeks before being euthanized. 

Analysis of atherosclerotic lesion 

Atherosclerosis quantification was performed using Oil red O (a marker of lipid accumulation) staining on 

lesions formed in the aortic sinus. Briefly, hearts were embedded in optimum cutting temperature (OCT), 

snap-frozen and sectioned. Then, cryosections (10 µm) were fixed in 10% neutral buffered formalin and 

rinsed with 60% isopropanol for 5 minutes, stained with 0.5% Oil Red O/60% isopropanol (20 °C, 10 minutes), 

destained with 60% isopropanol for 2 minutes and extensively washed with distiller water. Finally, nuclei 

were counterstained with haematoxylin. Images of stained sections were acquired using an EVOS™ Imaging 

System (ThermoFisher Scientific) and the area occupied by the plaques in the sinus was measured in a blinded 

fashion using the ImageJ software. 

Confocal imaging 

We characterised patterns of iCCR expression in both the aortic sinus and aortic arch obtained from 

fluorescent reporter animals through confocal microscopy. Briefly, 10 µm thick cryo-sections were fixed with 

4% paraformaldehyde for 10 min, washed with PBS and mounted onto slides with ProLong Diamond Antifade 

mountant (Thermo Fisher Scientific). Immunofluorescence images were acquired using a Zeiss Cell Observer 

SD confocal fluorescence microscope (Zeiss, Oberkochen, Germany).  

Results 

We did not found iCCRs expression in the aortic sinus of non-atherosclerotic naïve mice. On the contrary, a 

clear expression of iCCR1 and iCCR2 was detectable in the aortic sinus plaques of atherosclerotic mice 12 

weeks following induction of atherosclerosis by gene transfer (AAV-PCSK9DY) and HFD. Similarly, positive 

cells for iCCRs in the aortic arch of non-atherosclerotic naïve mice were not detected. We also observed a 

clear increase in the expression of iCCR2 and 5 in the in the perivascular adipose tissue (PVAT), vessel wall, 

and plaque in the aortic arch, 12 weeks following atherosclerosis induction. 

Importantly, compared with WT mice, iCCR-null mice showed significantly reduced atherosclerotic lesion as 

revealed by the quantification of total aortic sinus plaque area following ORO-staining. 

Our findings suggest that iCCRs critically control atherosclerotic lesion development and progression and that 

modulating the chemokine/receptor axis may influence disease outcome. We are currently selectively 

switching on each receptor in turn, together within selected combinations, to finally define the individual 

and integrated roles of inflammatory chemokine receptors in the pathology. 
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