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Editorial on the Research Topic 


CCR5: A receptor at the center stage in infection



CCR5: As receptor that has shaped science

The human C-C chemokine receptor type 5 (CCR5) is mostly expressed on the surface of leukocytes, playing a pivotal role in inflammatory responses and other immune functions (Figure 1) (1, 2). In 1996, CCR5 was reported as the HIV-1 co-receptor (3), and the 32-nucleotide deletion in the CCR5 gene (CCR5Δ32) was reported as a resistance factor to HIV-1 infection (4, 5). These discoveries massively advanced HIV-1 research, bringing insights into resistance mechanisms against HIV-1 and leading to the development of new anti-viral therapies. The clinical use of the CCR5 antagonist maraviroc for HIV-1 treatment was approved in 2007, and cases of sustained remission of HIV-1 infection following stem-cell transplantation using CCR5Δ32 homozygous cells were reported in the following years (e.g., the Berlin Patient in 2009 and the London Patient in 2019) (2, 6, 7).




Figure 1 | Schematic representation of CCR5 in its central role in pathophysiology. CCR5 (green), depicted here with extracellular portions in blue and intracellular in red, can be engaged by its natural ligands, e.g., CCL5 (purple), but also by HIV-1 gp120 (yellow) via its V3 loop. CCR5 antagonists, e.g., 5P7 CCL5 (light blue), can block the receptor in its inactive form preventing receptor internalization and engagement by HIV-1 gp120. More in general, CCR5 antagonists such as chemokine derivatives, small chemical compound (e.g., maraviroc) and monoclonal antibodies (e.g., leronlimab) could provide a therapeutic landscape for the array of infectious and inflammatory diseases in which CCR5 plays a central role. Scissors represent the CCR5 Δ32 deletion variant that confers resistance to HIV-1 infection and proved relevant for other CCR5-centered diseases. Three dimensional ribbon representation were generated using PyMOL: CCR5 and gp120 from PDB entry 6MEO, CCL5 from 7F1R, and 5P7 CCL5 from 5UIW. The relative sizes of the different proteins are not to scale. The cell membrane bilayer is schematized.



CCR5 was initially studied in different populations in the context of HIV-1 infection. More recently, it has become clear that CCR5 influences various health and pathological conditions, including infectious diseases other than HIV-1 infection. For example, CCR5 and its agonists participate in the immune responses to Zika virus (8), severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (9), Schistosoma spp. (10), among other pathogens (2, 10), and the CCR5 Δ32 variant is a critical risk factor for symptomatic West Nile virus infection (11, 12). Moreover, human pathogens, such as Toxoplasma gondii produce CCR5-binding molecules that can affect immune response to infection as well as block R5 tropic HIV-1 entry in CCR5-expressing cells (13–15).

Therapies involving CCR5 blockade have advanced substantially, with the potential to be applied in infectious and non-infectious diseases (1, 16, 17). CCR5 also drives several debates, including those on gene-editing technologies (18) and chemokine system redundancy and robustness (19). CCR5 is exemplary of how a single molecule may shape different research fields, and many advances related to CCR5 continue to be made, as highlighted by articles published on this Research Topic.



New contributions to CCR5 research

This Research Topic brings together important contributions to the understanding of CCR5 biology and participation of this receptor in numerous aspects of infectious diseases. Using machine learning methods and data from human samples, Patterson et al. explored the immune spectrum of SARS-CoV-2 infection, including the impact of CCR5 and its ligands on COVID-19. Analyzing different patient profiles, the study showed that severe COVID-19 cases are characterized by excessive inflammation and dysregulated T cell activity. Patterson et al. also characterized the immune profile of post-acute sequelae of COVID-19 (PASC) patients. In brief, this study reports important data to the understanding of the participation of CCR5 and other immune molecules in the COVID-19 spectrum, including the intriguing PASC cases, and describes tolls to predict COVID-19-related immune outcomes.

Exploring basic aspects of CCR5-HIV-1 interactions, the article by Picton et al. evidenced the genetic predisposition to lower CCR5 expression in individuals who naturally control HIV-1, based on data from black South African individuals. This is a relevant and updated contribution to the understanding of differential progression of HIV-1 infection, especially by focusing on a sub-Saharan population. The debate about the CCR5-HIV-1 interactions was also advanced and updated by Jasinska et al., who addressed the CCR5 as a co-receptor for HIV-1 and simian immunodeficiency viruses in an interesting review. This is a great reference for those seeking accurate and relevant information concerning CCR5 in evolutionary and host-pathogen interaction perspectives. In a complementary way, Mohamed et al. reviewed the efficacy of CCR5-based HIV-1 therapies, also describing important information concerning CCR5 biology. Several mechanisms to control HIV-1 infection progression are discussed in the article, including the use of small-molecule inhibitors, anti-CCR5 antibodies, disruption of CCR5 expression, and CCR5-editing strategies.

Considering the next generation of HIV-1 therapies, the work by Karuppusamy et al. described important data on the use of CCR5-edited CD34+CD90+ hematopoietic stem cells as a graft source for HIV-1 gene therapy. This is an exciting and detailed study with numerous in vitro and in vivo (animal) experiments. The potentialities of CCR5-editing were also evaluated by Scheller et al., who showed in a proof-of-concept study that targeting cells using CRISPR-Cas9 mediated HDR (homology directed repair) enables the selection of mutant cells that are CCR5 deficient and highly resistant to HIV-1 infection. Together, results from Karuppusamy et al. and Scheller et al. move forward the research on HIV-1 gene therapies. Amerzhanova and Vangelista explored structural details of the occupancy of CCR5 orthosteric site by several antagonist ligands, focusing on the 3D modeling analysis of CCL5 mutants, and discussing their likely contributions to HIV-1 therapy as well as the entire spectrum of diseases where this receptor is central. Classic and novel strategies to block G protein-coupled receptors (GPCRs) have been discussed and related to CCR5 blockade. Finally, the study by Chang et al. also brings an important contribution to HIV-1 treatment investigation based on CCR5 blockade. With data obtained from humans and non-human primates, the authors evidenced increased peripheral blood CCR5+CD4+ T cells following treatment with leronlimab, a promising anti-CCR5 antibody. Chang et al. also bring contributions concerning the monitoring of the use of anti-CCR5 therapeutic antibodies and the impacts of CCR5 blockade on the immune function.

Kulmann-Leal et al. reviewed the impacts of CCR5Δ32 on the Brazilian population, discussing how the colonization of Brazil shaped the CCR5Δ32 distribution in different regions of the country. The article showed that CCR5Δ32 affects cancer, inflammatory conditions, and infectious diseases heterogeneously in Brazilians, with particular influences on each disease. The influences of CCR5 on influenza virus infection were reviewed by Ferrero et al.; with an informative and didactic figure, the authors addressed specifically the dual role of CCR5 during influenza-related immune responses, bringing insights into treatment opportunities. Taken together, these two reviews show how the CCR5 impact on different diseases is relatively complex and cannot be generalized. In this context, Bauss et al. used the CCR5 as a study model to combat biological reductionism. Using a set of bioinformatics tools and student participation, the article evidenced the biological complexity of CCR5, highlighting its involvement in numerous biological contexts, beyond HIV-1 infection. This article brings contributions to a deep understanding of CCR5 functions in the human body, and demonstrates how CCR5 can be used as a tool for addressing biological and social debates.



Conclusion

This Research Topic highlights studies addressing different aspects of CCR5 in infection, contributing to the understanding of CCR5 participation in immune responses (in health and disease contexts), and reporting updated information and new data on therapeutic potentials of CCR5 modulation and gene-editing. This Research Topic will be useful to readers from multiple fields, and confirm that CCR5 continues to be under the spotlight of research involving immunology and infectious diseases.
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