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Abstract

Background and Aim: Chemokines and their receptors are key regulators of cell migration, leukocyte trafficking, and
immune response organization, playing critical roles in a wide range of physiological and pathological processes.
Chemokine receptors primarily belong to the family of G protein-coupled receptors (GPCRs) and include the CCR,
CXCR, CX3CR, and XCR subfamilies. In addition to conventional chemokine receptors, atypical chemokine receptors
(ACKRs) regulate chemokine gradients, distribution, and availability, thereby modulating immune and inflammatory
responses. Increasing evidence indicates that chemokine signaling pathways are involved not only in leukocyte
migration but also in chronic inflammation, autoimmune diseases, HIV infection, angiogenesis, tumor progression, and
metastasis.

Methods: In this review article, relevant studies published up to the end of 2025, with an emphasis on articles from the
last 10 years, were reviewed using keyword searches including “chemokine receptors,” “CXC receptors,” “CCR,”
“ACKR,” “chemokine signaling,” and “chemokine-targeted therapy” in the PubMed and Google Scholar databases.
Articles directly relevant to the objectives of this review were included.

Conclusion: Recent advances in biased signaling, atypical chemokine receptors, allosteric ligands, and photo
pharmacology have opened new perspectives for the development of more selective and precise therapeutic
interventions. Overall, a deeper understanding of chemokine receptor biology and signaling may facilitate the
development of next-generation targeted therapies for inflammatory disorders, malignancies, and immune-mediated

diseases. )
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*GPR35 has been identified as a potential receptor for CXCL17 and is also reported as CXCR8 in some sources.
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Angiogenesis
M Chemokines promote Key Receptors
angiogenesis and tumor
aroieth, « CCRS .
+ CXCR4 i
Migration and Metastasis
Upregulation of CXCL12-CXCR4 * CCR7
and CCLS-C(.'_RS ?xes enhances « CXCR3
cancer cell migration,
2 invasion and metastasis. * CX3CR1
S ) Tumor Microenvironment
), A #,4., 5 Chemokines recruit immune cells, E cxcr | [cxac CX3CR n
R : promote immunosuppression and
= facilitate tumor progression. Chemokine
[ Association with poor prognosis, metastasis and reduced survival. ] Receptors
— —— - — — — —
HIV Infection >
Viral Entry 7 <
HIV uses chemokine receptors Koy Racotany | ot
a8 co-receptors: CCRS (for RS-trople | | oo Regulate cell migration, adhesion, survival,
viruses) and CXCR4 (for X4-tropic immune responses and inflammation
viruses). * CXCR4 —
Disease Progression
Downregulation of CXCR4 or CCRS
s associated with disease progression
and decreased CD4+ T cell counts.
\j Blocking CCRS or CXCRA inhibits viral entry and disease progression. )

Autoimmune Diseases

Rheumatoid Arthritis (RA)

Recepts
Increased expression of CXCR3, CCR6 Key Receptors
and CCR7 in synovium; recruitment . CCRS
of leukocytes and activation of
inflammatory pathways. * CCR6
Multiple Sclerosis (MS) « CCR7
CXCR4~CXCL12 and CCR6-CXCL12 axes
promote lymphocyte migration across * CXCR3
the blood~brain barrier and contribute
to neuroinflammation. *1CXCRA
Other Autoimmune Diseases * CXCR6

Involvement in Crohn's disease,
psoriasis and lupus.

k[ Targeting chemokine receptors may reduce inflammation and tissue damage.

Acute and Chronic Inflammation
Chemokines recruit neutrophils,
monocytes and lymphocytes to the site
of inflammation and regulate cytokine

Key Receptors

* CCR1/2/5

production. * CXCR1/2/3/4
Infections "

Chemokines participate in host defense coRz

against bacterial and viral infections but + CX3CR1

may also contribute to immunopathology.

| Modulation of chemokine receptors can reduce inflammation and improve outcomes.

Therapeutic Targeting of Chemokine Receptors

1. Small Molecule Antagonists 2. Monoclonal Antibodies

Competitive inhibition of ligand Block receptor-ligand interaction

binding to receptors. or induce receptor internalization. interfere with receptor activation.
Eamples ‘ N exomples: Exampl
* Maraviroc (CCRS)
5 « Mogamulizumab (ccnu) « Evasin-3 (CCRS antagonist)
* Plerixafor fCXC“) « Ulocuplumab (CXCR4) + TC14012 (CCR2 antagonist)

3. Peptides and Chemokine Analogs
Inhibit chemokine binding or

4. Intracellular Signaling Inhibitors ‘

Inhibit downstream signaling pathways
(PI3K, MAPK, JAK/STAT, etc.).

Examples:
« PI3K inhibitors
+ JAK inhibitors

—_—
5. Novel Approaches | Challenges  /1\
(Photopharmacology) |

Light-activated ligands allow * Redundant and plelotropic
atintesnparsl controhof functions of chemokines/receptors
chemokine receptor activation. + Overlapping signaling pathways
and compensatory mechanisms
Examples:

< Photoacthetaie gends

* Off-target effects and toxicity

Inter-individual variability in
aimserespam

Goal: Selective modulation of chemokine receptor pathways to achieve maximal therapeutic benefit with minimal adverse effects. @

CXCR: C-X- Cchemoklne R

Sodan Gloyo o paly g g low 50 (T geS o S i

CX3CR: C-X3-C chemokine receptor

XCR X C chemokme receptor

ACKR: Atyplcal chemoklne receplor

Inflammatory and Infectious Diseases
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