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Orchestrated trafficking and activation by

pathogen-derived peptides define the abil-

ity of CD4+ T helper cells to contribute to

an effective adaptive immunity. In this

issue of The EMBO Journal, Martín-Leal

et al show that the inflammatory chemo-

kine receptor CCR5, well known for its role

in cell migration and HIV infection, regu-

lates ceramide synthesis and TCR

nanoclustering to promote memory CD4+

T cell activation.

T
he proper function of immune surveil-

lance relies on well-coordinated guid-

ance of patrolling immune cells

through peripheral tissues and the homing to

secondary lymphoid organs. A tightly regu-

lated network of chemokines and their

cognate chemokine receptors orchestrates

leukocyte trafficking. Naı̈ve T and B cells

recirculate between the blood and secondary

lymphoid organs in search for cognate anti-

gens and enter lymph nodes via high

endothelial venules in a chemokine receptor

CCR7-dependent manner. Upon pathogen

encounter in peripheral tissues, dendritic

cells (DCs) upregulate CCR7, which guides

them to draining lymph nodes where they

present pathogen-derived antigens to

cognate T cells. Notably, engagement of

naı̈ve CD4+ T cells with antigen-presenting

DCs triggers the secretion of the chemokines

CCL3 and CCL4 resulting in a CCR5-

dependent attraction of naı̈ve CD8+ T cells

to the DC-CD4+ T cell conjugates, which

promotes CD8+ T cell survival and memory

generation (Castellino et al, 2006). The same

DC-derived chemokines were found to

recruit CCR5 on CD4+ T cells to the

immunological synapse where the chemo-

kine receptor can act as co-stimulatory mole-

cule (Molon et al, 2005). CCR5 accounts also

for an accelerated recruitment of memory

CD8+ T cells to lung airways during respira-

tory virus infections (Kohlmeier et al, 2008).

Besides guiding leukocytes, CCR5 serves

as the major HIV co-receptor controlling

susceptibility to macrophage-tropic HIV

infection and early disease progression in

human. Resistance to HIV infection within

the human population led to the identifi-

cation of a 32-base pairs deletion in the

ccr5 gene causing a frameshift and trunca-

tion of CCR5. This co-called CCR5D32 vari-

ant possesses four instead of seven

transmembrane domains and is not

expressed on the cell surface. Homozygous

ccr5D32 individuals are resistant to macro-

phage-tropic HIV infection and seemingly

healthy, suggesting that a CCR5 deficiency

is relatively innocuous. However, these

individuals are prone to fatal infections,

i.e., by West Nile, influenza, or tick-borne

encephalitis viruses, which is thought to

be due to inefficient leukocyte recruitment

(Bachelerie et al, 2014).

In this issue of The EMBO Journal,

Martı́n-Leal et al (2020) describe that CCR5

deficiency in mice leads to an impaired

CD4+ T cell memory response. They

observed in an OVA-encoding vaccinia virus

model that less antigen-specific CD4+

memory T cells produced IFNc in response

to antigenic re-stimulation if mice were defi-

cient for CCR5. Notably, the total number of

memory CD4+ T cells and the percentage of

effector memory CD4+ T cells are compara-

ble between CCR5-deficient and -proficient

mice. Similarly, a prime-boost hapten (NIP-

OVA)-mediated, T cell-dependent humoral

immune response model revealed no dif-

ference in the absolute number or the

percentage of memory CD4+ T cells, but

CCR5 deficiency led to a markedly reduced

generation of high-affinity, class-switched

antibodies. These data suggest that CCR5

does not hamper memory development itself,

but rather affects the strength of the TCR

signal or the TCR’s sensitivity to

antigens and consequently activation of

memory T cells. Indeed, Martı́n-Leal et al

(2020) discovered that CCR5 signaling

enables the TCR to form nanoclusters on

antigen-experienced CD4+ T cells, but not on

naı̈ve cells (Fig 1). Electron microscopy anal-

ysis clearly revealed a significant increase in

number and size of TCR nanoclusters in

CCR5-proficient antigen-experienced CD4+ T

cells compared to CCR5-deficient cells.

Although only a minority of the TCRs forms

nanoclusters, these few TCR clusters are suf-

ficient and necessary for a full T cell activa-

tion, particularly at low antigen

concentrations (Kumar et al, 2011; Huang

et al, 2013). TCR nanoclustering in lympho-

blasts strictly relied on CCR5-induced, G

protein-dependent signaling and could not
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be attributed to the co-stimulatory activity of

CCR5 or to altered TCR expression levels.

Interestingly, CCR5-deficient lymphoblasts,

but not naı̈ve T cells, showed elevated levels

of most ceramide species, including their

precursors, while the levels of cellular

cholesterol and sphingomyelin species

remained unchanged. Particularly, ceramides

with longer and saturated acyl chains were

enriched in CCR5-deficient lymphoblasts.

These ceramide species render the lipid

bilayer of the plasma membrane stiffer and

are therefore likely to interfere with TCR

cluster formation. Notably, chemokine

receptor clustering or oligomerization,

promoted by modulated cholesterol levels,

was found to enable the integration of

distinct signaling pathways of CCR7 required

for efficient DC and effector T cell migration

(Hauser et al, 2016; Legler et al, 2017).

Martı́n-Leal et al (2020) uncovered that

specific ceramide synthases are transcrip-

tionally upregulated in CCR5-deficient

lymphoblasts and that ceramide levels

control TCR nanoclustering in these cells

(Fig 1). An increased nuclear level of the

phosphorylated and active form of the tran-

scription factor GATA-1 in CCR5-deficient

lymphoblasts suggests that CCR5 signaling

reduces ceramide levels in antigen-experi-

enced CD4+ T cells by limiting GATA-

1-driven transcription of ceramide synthases.

Notably, the formation of TCR nanoclusters

was also impaired in lymphoblasts of

homozygous ccr5D32 individuals, which is

concomitant with enhanced levels of cera-

mide synthase 2 mRNA and saturated cera-

mide species. Collectively, this elegant study

by Martı́n-Leal et al (2020) reveals that CCR5

signaling barely affects memory CD4+ T cell

differentiation, but facilitates TCR nanoclus-

tering and ameliorates the antigenic sensitiv-

ity and memory CD4+ T cell activation upon

antigen re-encounter. Consequently,

homozygous ccr5D32 individuals may bene-

fit from being resistant to HIV infection at the

cost of curtailed CD4+ T cell memory and,

potentially, T cell-dependent humoral

responses. It remains to be investigated

whether CCR5 signaling, through modulating

ceramide levels and consequently the

stiffness of the membrane, also effects

chemokine receptor nanoclustering and

the chemokine receptor-TCR cross-talk

(Schaeuble et al, 2011). If so, signaling-

induced CCR5 oligomerization may in addi-

tion contributes to an enhanced migratory

capacity of antigen-experienced T helper

cells and hence to a more effective memory

immune response.
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Figure 1. CCR5 signaling dampens ceramide synthesis to enable TCR nanoclustering in antigen-experienced CD4+ T cells.

Gi protein-dependent CCR5 signaling in antigen-experienced, but not in naïve CD4+ T cells, correlates with reduced GATA-1-mediated transcription of ceramide synthase 2

(CerS2) and production of ceramide species. Lowering ceramide levels in the plasma membrane of lymphoblasts enables TCR nanoclustering, which in turn increases the

antigenic sensitivity of the TCR and ameliorates CD4+ T-cell–B-cell cooperation in humoral responses upon antigen re-encounter. Lymphoblasts of CCR5-deficient mice or

homozygous CCR5D32 human individuals fail to down-modulate ceramide levels required for TCR nanoclustering.
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