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ABSTRACT

Chemokines and their receptors play a pivotal role in modulating immune responses during infection, inflam-
mation, and cancer. The CX3CL1/CX3CR1 axis, characterized by the interaction between the chemokine CX3CL1 
(Fractalkine) and its receptor CX3CR1, has emerged as a critical pathway in these biological processes. This pa-
per explores the molecular mechanisms of CX3CL1/CX3CR1 interaction and its influence on immune cell recruit-
ment, tissue remodelling, and tumour progression. In the context of infection and inflammation, this pathway 
contributes to both protective and pathological immune responses. Moreover, CX3CL1/CX3CR1 signalling has 
been implicated in the metastatic spread of cancers. The therapeutic potential of targeting the CX3CL1/CX3CR1 
interaction in these diseases is discussed, along with current challenges and future directions.
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Introduction
1.	 CX3CL1 (Fractalkine): A unique chemokine that exists both as 

a membrane-bound protein and a soluble chemokine. It is pri-
marily involved in immune cell recruitment and adhesion to en-
dothelial cells.

2.	 CX3CR1: The receptor for CX3CL1, expressed on various im-
mune cells including monocytes, macrophages, dendritic cells, 
and microglia.

3.	 Function in Immune Response: The CX3CL1/CX3CR1 axis is 
crucial for maintaining immune homeostasis, mediating the re-
cruitment of immune cells to sites of infection, and modulating 
tissue responses in inflammation and cancer. (Combadière C, et 
al. [1,2]).

CX3CL1 and CX3CR1 in Infection

a.	 Role in Immune Cell Recruitment: The CX3CL1/CX3CR1 axis 
helps recruit monocytes, T-cells, and other immune cells to sites 
of infection, particularly in viral and bacterial diseases.

b.	 Regulation in Viral Infections: CX3CL1 is upregulated during 

viral infections like HIV and influenza, promoting the migration 
of immune cells to infected tissues.

c.	 Bacterial Infections: In certain bacterial infections, CX3CL1 
may play a role in controlling pathogen spread by facilitating 
macrophage and neutrophil accumulation (Papadopoulos P, et 
al. [3,4]).

CX3CL1 and CX3CR1 in Inflammation

a.	 Chronic Inflammation: Persistent activation of the CX3CL1/
CX3CR1 axis in conditions such as atherosclerosis, rheumatoid 
arthritis, and inflammatory bowel disease (IBD) leads to chronic 
inflammation.

b.	 Tissue Remodelling and Inflammatory Diseases: This path-
way regulates tissue remodelling by inducing the release of 
pro-inflammatory cytokines and mediators.

c.	 CX3CL1/CX3CR1 in Neuroinflammation: The CX3CL1/CX-
3CR1 axis is critical in neuroinflammatory diseases, such as Alz-
heimer’s disease, where it influences microglial activation and 
neuronal damage (Figure 1).
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Note: CX3CL1-CX3CR1(fractalgin receptor and labelled axis) regulation of environmental stimulus-induced leukocyte migration in chronic lung 
disease. Trapping: The stimuli trigger endothelial CX3CL1 expression, which enhances the attachment of CX3CR1+ leukocytes to the activated 
pulmonary vascular endothelium. This results in infiltration of CX3CR1 + leukocytes. chemotaxis: stimulus-induced CX3CL1 cleavage by ADAM 
promotes chemotaxis of CX3CR1 + Leukocytes and inflammation. Downstream trans endothelial migration: Stimulus-induced CX3CL1 interaction 
with CX3CR1 promotes trans endothelial migration of CX3CR1 + leukocytes, the accumulation of inflammatory cells in the vascular walls/
parenchyma and the structural remodelling and destruction of the lung. (nt J Clin Exp Med 2010;3(3):233-244  www.ijcem.com /IJCEM1007001).

Figure 1.

CX3CL1 and CX3CR1 in Cancer

1.	 Tumor Progression and Metastasis: The CX3CL1/CX3CR1 
pathway plays a role in promoting tumor growth and metastasis 
by facilitating the infiltration of immune cells into the tumor mi-
croenvironment.

2.	 Immune Escape: Tumors may exploit the CX3CL1/CX3CR1 axis 
to evade immune surveillance by attracting immune suppressor 
cells like regulatory T cells (Tregs) and myeloid-derived suppres-
sor cells (MDSCs).

3.	 CX3CR1 as a Target in Cancer Therapy: Targeting CX3CL1/
CX3CR1 could be a novel strategy to block tumor cell migration 
or enhance anti-tumor immune responses (Tominari Y, et al. 
(2014), Hwang M, et al. (2018)).

Therapeutic Potential and Future Directions

a.	 Therapeutic Targeting of CX3CL1/CX3CR1: Strategies for 
blocking CX3CL1/CX3CR1 interaction, either through monoclo-
nal antibodies or small molecules, have shown promise in pre-
clinical studies.

b.	 Challenges: The complex role of CX3CL1/CX3CR1 in both pro-
moting immune responses and suppressing inflammation makes 
its therapeutic targeting challenging. Balance must be main-
tained between anti-inflammatory and immune-boosting ac-
tions.

c.	 Future Directions: Exploration of CX3CL1/CX3CR1 in person-
alized medicine and combination therapies for cancer, infection, 
and chronic inflammatory diseases (Tan X, et al. [5,6]).

Conclusion
The CX3CL1/CX3CR1 interaction is central to immune respons-

es in infection, inflammation, and cancer. Its role in both protective 
immunity and pathological conditions underscores the complexity of 
this pathway. Although targeting this axis holds significant therapeu-
tic potential, further research is needed to refine strategies that can 
modulate its activity in various diseases [7,8]..
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