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ABSTRACT
Chemokine receptors CXCR4 and atypical chemokine
receptor 3 (ACKR3/CXCR7) are highly expressed in
a range of tumors. Yet, their role in cancer progression
is not well understood. This minireview series encompasses seven comprehensive reviews focusing on modulators (small molecules, pepducins, antibodies), structural
aspects, spatio-temporal signaling properties, and phosphorylation/interactome of CXCR4 and ACKR3. Moreover,
different (patho)physiologic aspects and roles of these

There is increasing evidence that G protein–coupled receptors
(GPCRs) and their associated signaling cascades are involved
in both cancer progression and metastasis (O’Hayre et al.,
2013). As oncogenic GPCRs are likely to be amenable to
manipulation via drugs, they are ideal therapeutic targets.
In the ITN Marie Curie Training network Oncogenic GPCR
Network of Excellence and Training (ONCORNET), we have
been studying two oncogenic GPCRs: the chemokine receptors CXCR4 and atypical chemokine receptor 3 (ACKR3),
formerly referred to as CXCR7. These receptors are highly
expressed in a range of tumors, yet their role in cancer
progression is not well understood (Peled et al., 2012;
Sánchez-Martín et al., 2013). Early-stage researchers and
principal investigators of the ONCORNET consortium, from
different academic and industrial partners throughout
Europe, joined forces investigating these receptors and
have contributed to this minireview series. This mini
series encompasses seven comprehensive reviews focusing on modulators (small molecules, pepducins, antibodies),
structural aspects, spatio-temporal signaling properties, and
phosphorylation/interactome of CXCR4 and ACKR3. Moreover, different (patho)physiologic aspects and roles of
these receptors in oncogenic and immunologic processes are
discussed.
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receptors in immunologic and oncogenic processes are
discussed.
SIGNIFICANCE STATEMENT
CXCR4 and atypical chemokine receptor 3 are two oncogenic G
protein–coupled receptors that are highly upregulated in various
tumors. Insight into the signalling properties of these receptors
and the availability of modulators targeting these receptors are
essential to assess their role in cancer.

Small-molecule and known modulators of CXCR4 and
ACKR3 are discussed in detail based on common structural
motifs and available crystal structures (Adlere et al., 2019).
Selectivity, receptor activation, and signaling output of small
molecules, chemokines, pepducins, and peptide ligands are
reviewed. In addition, the development of radiolabeled and
fluorescently labeled tool compounds, enabling visualization
of ligand binding and receptor characterization in vitro and
in vivo, is addressed. These receptors are also attractive
targets for monoclonal antibodies, antibody fragments, and
variants directed at CXCR4 and ACKR3. The advantageous
functional properties, versatile applications of these antibodies, and derivatives as research tools and use in the clinic
are outlined and discussed in another review (Bobkov et al.,
2019). In the last decade, significant progress has been made
in obtaining crystal structures of GPCRs. One of the reviews
summarizes the available data on chemokine receptor crystal
structures and discusses the numerous applications, challenges, and pitfalls from chemokine receptor structures to
support studies of molecular pharmacologists (Arimont et al.,
2019).
Another review focuses on the context-dependent signaling
of CXCR4 and ACKR3, an atypical chemokine receptor,
generally reported not to activate G proteins (Heuninck
et al., 2019). Yet, both receptors can also form heteromers
with other GPCRs, not only chemokine receptors, and other
proteins, which results in differential signaling compared with
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expertise to the network and participated in educational and
research-based training. This has led to advances in the field
of these oncogenic receptors and strengthened the international, intersectorial, and interdisciplinary community of
GPCR drug discovery.
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that of the monomeric subunits. Moreover, their location
during cancer progression may change, acquiring different
signaling properties. Next, one review describes state-of-theart methods for the identification of GPCR-interacting proteins and GPCR-phosphorylated sites (Fumagalli et al., 2019).
As for CXCR4 and ACKR3, post-translational modifications
and previously identified CXCR4- or ACKR3-interacting
proteins are outlined. Studies highlighting the importance of
the reciprocal influence of CXCR4/ACKR3 interactomes and
phosphorylation state on their function are discussed. Knowledge of the CXCR4/ACKR3 interactomes, along with their
phosphorylation and ubiquitination status, sheds new light on
their regulation and pathophysiological functions.
ACKR3 has emerged as a key player in several biologic
processes and in particular during development. With its
chemokine scavenging activity and atypical signaling properties, ACKR3 acts as a main regulator of physiologic processes at steady state and during inflammation. ACKR3
expression in mammalian tissues is outlined, and its role
during development and potential contribution to the immune
system of the myeloid lineage are discussed in another review
(Koenen et al., 2019). Moreover, ACKR3 is overexpressed in
numerous cancer types and has been involved in the modulation of tumor cell proliferation and migration, tumor angiogenesis, or resistance to drugs, thus contributing to cancer
progression and metastasis. In that review, the clinical
significance and potential mechanisms underlying the pathologic role of ACKR3 in breast, lung, and brain cancer are
discussed (Neves et al., 2019). In addition, the possible
relevance of ACKR3 as prognostic factor and potential
therapeutic target is addressed in that context.
Altogether, these minireviews provide important insights
and leads for therapeutic targeting of this class of oncogenic
GPCRs. The early-stage researchers and principal investigators of the ONCORNET consortium brought their unique

