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Summary

Immune activation is a main driver of AIDS- and non-AIDS-linked

morbidities in the course of HIV-1 infection. As CCR5, the main HIV-1

co-receptor, is not only a chemokine receptor but also a co-activation

molecule expressed at the surface of T cells, it could be directly involved

in this immune activation. To test this hypothesis, we measured by flow

cytometry the mean number of CCR5 molecules at the surface of non-

activated CD4+ T cells (CCR5 density), which determines the intensity of

CCR5 signalling, and the percentage of CD8+ T cells over-expressing

CD38 (CD38 expression), a major marker of immune activation, in the

blood of 67 HIV-1-infected, non-treated individuals. CCR5 density was

correlated with CD38 expression independently of viral load (P = 0·016).
CCR5 density remained unchanged after highly active anti-retroviral ther-

apy (HAART) introduction or cessation, whereas CD38 expression

decreased and increased, respectively. Moreover, pre-therapeutic CCR5

density was highly predictive (r = 0·736, P < 10�4) of residual CD38

over-expression after 9 months of HAART. Hence, CCR5 might play an

immunological role in HIV-1 infection as a driver of immune activation.

This could explain why CCR5 antagonists may have an inhibitory effect

on immune activation.

Keywords: activation marker; CD38; cell surface density; HIV co-receptor;

T-cell activation.

Introduction

Immune activation is a landmark of HIV-1 infection. It is

even considered by some authors as a driver of CD4+

T-cell loss.1 In line with this hypothesis, biological

parameters of T-cell activation, particularly the percentage

of circulating CD8+ T-cells over-expressing CD38,2 have

additive and stronger prognostic value in predicting

progression to AIDS than CD4+ T-cell numbers or

plasma HIV-1 RNA.3 Likewise, it has been observed that

increased baseline levels of CD4+ and CD8+ T-cell activa-

tion before HIV-1 seroconversion were associated with a

higher risk of developing AIDS after seroconversion.4

Furthermore, in virological responders to highly active

anti-retroviral therapy (HAART), a non-immunological

response is linked to residual immune activation.5 Finally,

in aviraemic patients, residual immune activation is

correlated with mortality,6 and with non-AIDS-linked

morbidities such as atherosclerosis7 or hepatitis C virus-

related cirrhosis.8 Altogether these observations show that

immune activation is a key player in HIV pathogenesis.

Therefore, it is of major importance to identify molecules

involved in HIV-linked immune activation, biomarkers

able to predict it, and therapeutic ways to combat it.

The C–C chemokine receptor CCR5 might be one of

these molecules. CCR5 plays crucial virological roles in

HIV-1 infection. As the major co-receptor, it is used by the

virus to bind to target cells.9 This binding induces the

activation of the target cell, increasing its infectibility and

its capacity to produce virions.10 Moreover, CCR5 is

involved in various cytopathogenic mechanisms including

syncytia formation and viral envelope-induced apoptosis.11

It is becoming increasingly clear that, in addition to

being a C–C chemokine receptor, CCR5 is a co-activation

molecule. Previous studies in mice and humans have

shown that the CCR5-binding chemokines MIP-1a
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(CCL3), MIP-1b (CCL4), and RANTES (CCL5) were able

to induce a second in vitro activation signal in T-cell

receptor-triggered T cells. This co-activation signal boosted

the production of interleukin-2 (IL-2),12,13 interferon-c
(IFN-c),14 IL-4,12 and CCL415; increased the cell-surface

expression of the IL-12 receptor16 and of the activation

markers CD25,13 CD28, CD40L;15 and increased T-lym-

phocyte proliferation.12,13 In mice, administration of

CCL3, CCL4 or CCL5 together with an antigen increased

the capacity of CD4+ T cells to express membrane activa-

tion markers, to produce IL-2, IFN-c, IL-5 and IL-6 in vitro

in response to the antigen, and the number of specific anti-

body-forming cells.16 Conversely, antigen-activated T cells

from CCL5-deficient (CCL5�/�) mice displayed a decrease

in IL-2 and IFN-c production and in vitro proliferation,

and a 50% reduction in cutaneous delayed-type hypersen-

sitivity.17 In support of the notion that the C–C chemoki-

ne-CCR5 axis is a co-activation pathway, various groups

have reported that blocking CCL3, CCL4, CCL512,13,18 or

CCR519 with antibodies hinders T-cell activation. Recently,

more direct arguments in favour of a role for CCR5 in T-

cell activation have been provided. When a CD4+ T-cell

recognizes a peptide at the surface of an antigen-presenting

cell, CCR5 molecules at the surface of the lymphocyte are

recruited into the immune synapse where they are stimu-

lated, thereby providing co-activation signals as strong as

those delivered through the co-activation molecule

CD28.20,21 In addition to participating in T-lymphocyte

activation at the single cell level, CCR5 also participates in

the collaboration between T cells in the course of a

response to an antigen. Hence, after immunization, there is

CCR5 over-expression at the surface of naive CD8+ T cells

in immunogen-draining lymph nodes that permits them to

move chemotactically towards CD4+ T cells, recognizing

the antigen presented by dendritic cells, where CCL3 and

CCL4 are produced.22 The same phenomenon has been

described for naive CD8+ T cells attracted in a CCR5-

dependent way by specific CD8+ T cells interacting with an

antigen-presenting cell.23 Altogether these data argue for

the capacity of the CCR5 axis to amplify the immune

response at T-cell and T-subpopulation levels. CCR5 also

participates in macrophage24 as well as in mast cell

activation.25 Moreover, CCR5 has been involved in the

inflammatory gene expression induced by encephalomyo-

carditis virus infection.26

If CCR5 is involved in T-cell activation, it is tempting

to speculate that it could participate in the polyclonal

immune activation observed in HIV-infected subjects.

The level of expression of the CCR5 molecule at the

surface of non-activated HLA-DR� (DR�) CD4+ T cells

is variable among HIV-infected individuals, but constant

over time in a given individual.27 In addition, CCR5 den-

sities at the surface of CD4+ and CD8+ T cells are

strongly correlated.28 This level of expression determines

the intensity of the signalling triggered by CCR5 ligands.

For instance, we have shown that over-expression of

CCR5 at the surface of cells transduced with the CCR5

gene results in an increase in the intracellular calcium

concentration upon CCL5 activation.29 In line with this,

the capacity of primary CD8+ T cells to migrate towards

CCL5 is linked to their level of surface CCR5 expres-

sion.30 In HIV-infected subjects, CD4+ T-cell surface

CCR5 density, rather than the percentage of CD4+ T-cell-

expressing CCR5, determines the intensity of virus pro-

duction27 through gp120-triggered CCR5 signalling.29 For

these reasons, we hypothesized that the level of T-cell sur-

face CCR5 expression could influence the intensity of

polyclonal immune activation in HIV-1-infected persons.

In the present study, we analysed the relationship

between CCR5 expression on CD4+ T cells and CD8+

T-cell activation. We chose to measure CCR5 expression

at the surface of non-activated, DR� CD4+ T cells, so

that this factor would not be modified by T-cell activa-

tion. Our hypothesis is that an intrinsic level of CCR5

expression in T cells may predispose these cells to

immune activation. To this purpose, we looked for a link

between CCR5 density at the surface of DR� CD4+ T

cells and the proportion of CD38hi CD8+ T cells in HIV-

1-infected patients either untreated, or under treatment

initiation or disruption to define the impact of the level

of CCR5 expression on T-cell activation.

Methods

Patients

Peripheral blood samples for the routine follow-up of

HIV-1-infected patients were used in this observational

study. Patients were asymptomatic, non-treated adults

over 18 years of age recruited at the Infectious Diseases

Department of the University Hospital of Montpellier,

France. No other eligibility criteria were used. Informed

consent was obtained from the patients and human

experimental guidelines of the local ethics committee

were followed in the conduct of this research.

Determination of cell surface CCR5 density

DR� CD4+ T-cell surface CCR5 density was determined as

previously described.27 Briefly, cells in 50 ll of blood were

indirectly labelled with the anti-CCR5 monoclonal antibody

(mAb) 2D7 (Pharmingen, San Diego, CA) and a fluorescein

isothiocyanate (FITC) -conjugated anti-immunoglobulin

probe (Beckman-Coulter, Margency, France), and directly

labelled with phycoerythrin (PE) -conjugated anti-CD4

mAb and PE-cyanine 5 anti-DR mAb (Beckman-Coulter).

CCR5 expression was analysed after gating on DR� CD4+

T cells expressing CCR5 and quantified by converting

FITC fluorescence intensity into antibody-binding capacity.

This conversion was performed using a calibration curve
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obtained with commercial beads (QIFIKIT; Dako, Glostrup,

Denmark) coated by the manufacturer with various densi-

ties of monoclonal antibody, and labelled with the FITC-

conjugated anti-immunoglobulin probe.

Determination of the proportion of CD38hi CD8+

T cells

CD38 expression at the surface of CD8+ cells was deter-

mined using two-colour staining with FITC-conjugated

anti-CD8 mAb and a PE-conjugated anti-CD38 mAb

(Beckman-Coulter) as previously described.31 CD38 expres-

sion was analysed after gating on lymphocytes with high

CD8 expression. The CD38hi threshold was established

using the CELLQUANT CD38/CD8 kit (Biocytes, Marseille,

France) in accordance with the manufacturer’s instructions.

Plasma viraemia quantification

HIV-1 RNA levels in plasma were quantified with the

COBAS AMPLICORTM HIV-1 MONITOR v1.5 (Roche

Diagnostics, Mannheim, Germany) in accordance with

the manufacturer’s instructions.

Statistical analysis

Pearson rank correlations were used to evaluate the link

between age, HIV-1 RNA plasma levels, CD4 count, CCR5

density and percentage of CD38hi CD8+ T cells. A multi-

variate analysis by linear regression was performed on these

parameters to test for a correlation between CCR5 density

and immune activation independently of viral load.

The data were normally distributed excepting the viral

loads. Therefore, for both analyses, a logarithmic transfor-

mation was made to normalize the distribution of viral

loads. Variations in CCR5 density, and in the other

parameters under treatment initiation or cessation, were

analysed with the Student’s t-test for paired data.

The effects of HAART initiation or interruption on the

parameters measured were examined in eleven and six

randomly selected patients, respectively. To determine the

effects of HAART initiation, parameters before commenc-

ing and after 6 months of therapy were compared. To

determine the effects of HAART interruption, parameters

before and 6 months after stopping therapy were com-

pared.

Results

The level of immune activation is linked to the level
of CCR5 expression independently of viral load

Baseline characteristics of the 67 study subjects were as

follows: 31% of patients were women and 69% were

men, the mean age was 37 years (range 18–72), the mean

HIV-1 RNA level was 101 293 copies/ml (range 22–
776 658), and the mean CD4 count was 372 cells/ll
(range 49–805).
CD8+ T cells were identified by gating on peripheral

blood mononuclear cells with high CD8 expression as

shown in Fig. 1(a,b). We have previously determined that

activated CD8+ T cells express more than 8500 CD38

surface molecules per cell,31 and this threshold was used

to define CD38hi expression (Fig. 1c). The proportion of

CD38hi CD8+ T cells was not correlated with age

(r = 0·121; P = 0·323), but was inversely correlated with

the CD4 count (r = �0·491; P < 0·001; data not shown)

and positively correlated with viraemia (r = 0·320;
P = 0·008; Fig. 2a). DR� CD4+ T cells were identified by

gating on peripheral blood mononuclear cells with high

CD4 expression and no HLA-DR expression as shown in

Fig. 1(a,d,e). The mean number of surface CCR5 mole-

cules per cell labelled with an anti-CCR5 mAb (CCR5

density) was then quantified after the mean fluorescence

intensity (Fig. 1f). We also measured CCR5 density on the

cell subsets corresponding to naive (CCR7+ CD45RA+),

central memory (CCR7+ CD45RA�), effector memory

RA� (CCR7� CD45RA�), and effector memory RA+

(CCR7� CD45RA+) CD4+ T cells. The levels of cell sur-

face CCR5 expression varied among these different sub-

populations (Fig. 1g), but were linked. That is to say, low

CCR5 expressors expressed low levels of CCR5 on all their

CD4+ T-cell subsets, whereas high CCR5 expressors

expressed high levels of CCR5 on all their CD4+ T-cell

subsets, as illustrated in Fig. 1(h). Therefore, we chose

CCR5 density at the surface of the whole DR� CD4+ T-

cell population as a global marker of the level of CCR5

expression on all the CD4+ T cells.

The DR� CD4+ T-cell surface CCR5 density correlated

positively with the proportion of CD38hi CD8+ T cells

(r = 0·356; P = 0·003; Fig. 2b). The percentage of CD4+

T cells expressing another activation marker, HLA-DR,

was also determined in a subgroup of 26 patients. Here

again, we observed a correlation between DR� CD4+

T-cell surface CCR5 density and the frequency of

activated CD4+ T cells (r = 0·382; P = 0·054; Fig. 2c).
To determine whether the link between CCR5 expres-

sion and T8 activation depended on the level of viraemia

or not, we first performed a multivariate analysis. This

analysis established that the proportion of CD38hi CD8+

T cells was linked to DR� CD4+ T-cell surface CCR5

density independently of HIV-1 RNA level (P = 0·016).
Second, we stratified the patients according to their level

of viraemia. This stratification made clear that CCR5

expression and CD8+ T-cell activation are linked inde-

pendently of the viraemia. For instance, in the 17

patients harbouring > 100 000 HIV-1 RNA copies/ml,

the proportion of CD38hi CD8+ T cells did not appear to

be linked to viraemia (r = �0·214; P = 0·426; Fig. 2d),

but was linked to the level of CCR5 expression
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(r = 0·481; P = 0·050; Fig. 2e). Likewise, in the 19

patients harbouring < 10 000 HIV-1 RNA copies/ml, the

proportion of CD38hi CD8+ T cells did not appear to be

linked to viraemia (r = 0·348; P = 0·144; Fig. 2f), but

was linked to the level of CCR5 expression (r = 0·466;
P = 0·044; Fig. 2g).
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Figure 1. Analysis of CD38 over-expression (CD38hi) on CD8+ T cells and of CCR5 expression on DR� CD4+ T cells. Peripheral blood

mononuclear cells were identified using side scatter versus forward scatter (a), and CD8+ T cells were identified using structure feature and CD8

over-expression (CD8hi, b). The percentage of CD8hi cells over-expression CD38 (more than 8500 CD38 molecules per CD8+ T cell) was then

determined (c). DR� CD4+ T cells were identified in comparison with the labelling obtained with an isotype control within the peripheral blood

mononuclear cells using side scatter versus CD4 expression (d), and then DR expression versus CD4 expression (e). CCR5 expression was then

analysed on these DR� CD4+ T cells (black line, isotypic control; grey shaded histogram, anti-CCR5 antibody; f). CD4+ T cells of a donor were
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Figure 2. Correlation between the percentage of CD38hi CD8+ T cells and HIV-1 RNA plasma level (a), and the mean number of CCR5 mole-

cules at the surface of DR� CD4+ T cells (b), and between the percentage of DR+ CD4+ T cells and the mean number of CCR5 molecules at the

surface of DR� CD4+ T cells (c) in non-treated patients with HIV-1 infection. Correlation between the percentage of CD38hi CD8+ T cells and

HIV-1 RNA plasma level (d, f), and the mean number of CCR5 molecules at the surface of DR� CD4+ T cells (e, g) in patients who presented

with viraemia over 100 000 (d, e) or below 10 000 (e, f) copies/ml.

ª 2012 The Authors. Immunology ª 2012 Blackwell Publishing Ltd, Immunology, 137, 89–97 93

HIV infection: CCR5 and T-cell activation



The decrease in immune activation under therapy
does not lower DR� CD4+ T-cell surface CCR5
density

To test the hypothesis that the level of CD8+ T-cell acti-

vation might determine the level of CCR5 expression on

CD4+ T cells, we followed 11 patients who started an

anti-retroviral therapy. Six months after initiation of the

treatment, HIV-1 viraemias and the percentages of

CD38hi CD8+ T cells dropped drastically, and CD4

counts increased, in all patients (Fig. 3a–c). Overall, the
reductions in the viral loads and percentages of

CD38hi CD8+ T cells were statistically significant, as were

the increases in CD4 counts (Table 1). Yet, DR� CD4+

T-cell surface CCR5 densities remained remarkably stable

(Fig. 3d and Table 1). Hence, HAART-mediated reduc-

tion in the percentage of CD38hi CD8+ T cells was not

followed by a decrease in CCR5 expression at the surface

of non-activated CD4+ T cells.

The increase in immune activation secondary to
treatment interruption does not result in a rise in
DR� CD4+ T-cell surface CCR5 density

Conversely, we followed six other patients who inter-

rupted their anti-retroviral therapy. Six months after

interruption of HAART, augmentation of viral load and

an increase in the percentage of CD38hi CD8+ T cells was

observed in all patients as well as a reduction in CD4

counts (Fig. 3e–g). Overall, increases in the viral loads

and percentages of CD38hi CD8+ T cells were statistically

significant, as were the decreases in CD4 counts (Table 1).

By contrast, CCR5 expression at the surface of DR� CD4+

T cells remained stable (Fig. 3h and Table 1). Hence,

when immune activation is modified either by introduc-

tion or by interruption of HAART, CCR5 density is not

modified. This proves that it is not the level of immune

activation that determines the level of CCR5 expression,

but rather argues for the opposite.

The baseline level of CCR5 expression on CD4+ T
cells is predictive of the residual immune activation
under HAART

Even after the disappearance of measurable viraemia under

treatment, immune activation may persist in some

patients. We wanted to check whether the baseline level of

CCR5 expression might determine the intensity of this

residual immune activation. To test this hypothesis, we

compared DR� CD4+ T-cell surface CCR5 density in 30

patients who received HAART, measured before the treat-

ment, with the percentage of CD38hi CD8+ T cells persist-
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ing after the initiation of therapy. All the patients had

become aviraemic at month 6. Figure 4 shows that the per-

centage of CD38hi CD8+ T cells at month 3 (r = 0·565;
P = 0·001), month 6 (r = 0·584; P < 0·001), and month 9

(r = 0·736; P < 10�4) was strongly correlated with the pre-

therapeutic CCR5 density on DR� CD4+ T cells.

Discussion

This study shows that the level of CCR5 expression is

linked to and predictive of the level of immune activation

in patients infected with HIV-1, independently of the

viral load.

As T-cell activation may result in CCR5 over-expres-

sion27 it could be argued that, although we measured

CCR5 density at the surface of non-activated CD4+

T cells, the link observed between immune activation and

CCR5 density was a consequence of the level of T-cell

activation determining the level of CCR5 expression. If

immune activation drives CCR5 expression, viral rebound

observed in patients following HAART interruption

would result in an increase in the percentage of

CD38hi CD+ T cells and thereby in CCR5 density. How-

ever, the changes in immune activation induced by either

the introduction or the cessation of HAART did not

result in any change in CCR5 density; thereby appearing

to indicate that the baseline level of CCR5 expression

impacts on the intensity of lymphocyte activation.

Hence, T-cell surface CCR5 density may not only be a

driver of viral production, as suggested by Reynes et al.,27

but may also be a driver of the polyclonal T-cell activa-

tion (Fig. 4). That is to say, CCR5 could play an immu-

nological role in HIV-1 infection in addition to its roles

in viral replication and cytopathogenicity.

This hypothesis is in line with a recent study, which

reported that the level of CCR5 expression at the surface

of a lymphocyte determines the level of activation of the

transcription factor nuclear factor of activated T cells

Table 1. Effects of highly active anti retroviral therapy (HAART)

initiation or interruption on viral load, CD4 counts, CD38hi CD8+

T cells and CCR5 density on the surface of DR� CD4+ T cells in

eleven and six HIV-1-infected patients, respectively. For HAART ini-

tiation and interruption, months represent time from initiation of

therapy and time from cessation of therapy, respectively

Months

P-value0 6

HAART initiation, mean (95% CI)

Viral load,

HIV-1 RNA

copies/ml

91 042

(28 599–

153 484)

53 (38–68) 0·009

CD4 counts,

cells/ll
281 (168–394) 472

(364–581)

< 10�4

CD38hi CD8+

T cells,%

38 (21–55) 10 (6–15) 0·003

CCR5

density,

molecules/cell

5762

(3956–7567)

5476

(3645–7308)

0·541

HAART interruption, mean (95% CI)

Viral load,

HIV-1

RNA copies/ml

238 (0–713) 80 583

(5720–155 447)

0·040

CD4 counts,

cells/ll
677 (425–928) 473

(317–629)

0·015

CD38hi CD8+

T cells, %

4 (0–8) 18 (7–29) 0·011

CCR5

density,

molecules/cell

5281 (3723–

6839)

5903

(4246–7540)

0·366
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Figure 4. Correlation between the baseline pre-therapeutic mean

number of CCR5 molecules at the surface of the DR� CD4+ T cells

and the percentage of CD38hi CD8+ T cells after 3 (a), 6 (b), and 9

(c) months of HAART in 30 virological responders.
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(NFAT) and thereby the level of IL-2 production.18 It is

also in keeping with a study by Pandrea et al.,32 which

demonstrated that the level of CCR5 expression at the

surface of CD4+ T cells and immune activation, but not

the level of viral replication, were predictive of progres-

sion in primates with simian immunodeficiency virus

(SIV) infection. This suggests that in high CCR5 expres-

sors, SIV infection may induce high immune activation

responsible for a high CD4+ T-cell loss, whereas in low

CCR5 expressors a low level of immune activation, in

spite of high viral loads, might hinder disease progression.

Moreover, this model might explain why Ahuja et al.33

observed that patients with different CCR5 genotypes and

doses of gene encoding the CCR5-binding chemokine

CCL3L1 have different rates of CD4+ T-cell recovery

under HAART. CCR5–CCL3L1 genotypes resulting in a

strong efficiency of the CCR5 axis might favour residual

T-cell activation and thereby limit immune recovery.

Assuming that CCR5 plays both virological and immu-

nological roles in the course of HIV-1 infection, CCR5

antagonists would have a double effect. It is possible that

currently developed CCR5 antagonists, inhibiting C–C
chemokines–CCR5 interactions, could inhibit the co-acti-

vation function of CCR5 in addition to blocking HIV-1

replication and cytopathogenicity. Specifically, HAART

intensification with a CCR5 antagonist has resulted, in

some34,35 but not all36 studies on virological responders,

in a decrease in the percentage of activated peripheral

CD4+ and CD8+ T cells.

This may account for the observation that CCR5 blockers

appear to have a higher than expected effect on CD4+ T-cell

counts.37 For example, the anti-CCR5 antibody HGS004

induced increases in CD4 cell counts independently of

antiviral response in a study in 63 patients infected with

CCR5-tropic HIV-1.38 In another study, 167 patients

harbouring non-pure R5 strains were treated with maravi-

roc. After 24 weeks, a significant rise in CD4 counts was

observed, whereas the HIV-1 RNA plasma levels were not

significantly reduced.39 Moreover, clinical trials testing regi-

mens including a CCR5 antagonist appear to have a rela-

tively better immune recovery than regimens without a

CCR5 antagonist.40

This might be particularly important for patients at risk

of a non-immunological response. About 15% of patients

aviraemic under HAART have an incomplete immune

response with CD4 counts remaining below 350 CD4+ T

cells/ml,41 caused by the persistence of polyclonal

immune activation in some patients.5 The possibility that

blocking the CCR5 axis could boost CD4+ T-cell recovery

in non-immunological responders has been tested by var-

ious groups. In some34,35 but not all36 trials, HAART

intensification with a CCR5 antagonist resulted in an

increase in CD4 slope.

The putative effect of CCR5 blockers on immune

activation may also be beneficial in HIV-associated

inflammatory disorders. Immune reconstitution inflam-

matory syndrome (IRIS) may be considered as immune

hyperactivation triggered by host, tumour or infective

antigens consecutive to HAART-induced CD4+ T-cell

recovery. It results in pathological inflammation with a

heterogeneous range of clinical manifestations. The

introduction of a CCR5 antagonist in the anti-retroviral

regimen of persons at risk of IRIS seems worth testing.

Also, CCR5 antagonists may help to prevent non-AIDS

linked morbidities in which chronic inflammation is

believed to play a causative role.

In conclusion, the link between T4 cell surface CCR5

density and the proportion of activated T8 cells in HIV-

1-infected adults evidenced in this study raises the interest-

ing hypothesis that CCR5, as a co-activation molecule,

could participate in polyclonal immune activation. By

blocking both the virological roles and this newly described

immunological role of CCR5 in HIV-1 infection, CCR5

antagonists could have a double therapeutic effect.
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29 Lin Y-L, Mettling C, Portalès P, Réant B, Robert-Hebmann V, Reynes J, Clot J, Cor-

beau P. The efficiency of R5 infection is determined by CD4 T cell surface CCR5 den-

sity through Gai-protein signaling. AIDS 2006; 20:1369–77.

30 Desmetz C, Lin Y-L, Mettling C, Portalès P, Rabesandratana H, Clot J, Corbeau P. The

strength of the chemotactic response to a CCR5 binding chemokine is determined by

the level of cell surface CCR5 density. Immunology 2006; 119:551–61.

31 Tuaillon E, Al Tabaa Y, Baillat V, Segondy M, Picot M-C, Reynes J, Vendrell J-P. Close

association of CD8+/CD38bright with HIV-1 reolication and complex relationship with

CD4+ T-cell count. Cytometry B Clin Cytom 2009; 76B:249–60.

32 Pandrea I, Apetrei C, Gordon S et al. Paucity of CD4+CCR5+ T cells is a typical feature

of natural SIV hosts. Blood 2007; 109:1069–76.

33 Ahuja SK, Kulkarni H, Catano G et al. CCL3L1-CCR5 genotype influences durability of

immune recovery during antiretroviral therapy of HIV-1-infected individuals. Nat Med

2008; 14:413–20.

34 Wilkin T, Lalama C, Tenorio AR et al. Maraviroc intensification for suboptimal CD4+

cell response despite sustained virologic suppression: ATCG 5256. 17th Conference on

Retroviruses and Opportunistic Infections 2010; Abstract 285.

35 Gutiérrez C, Diaz L, Hernandez-Novoa B et al. Effect of the intensification with a

CCR5 antagonist on the decay of the HIV-1 latent reservoir and residual viremia. 17th

Conference on Retroviruses and Opportunistic Infections 2010; Abstract 284.

36 Hunt P, Shulman N, Hayes T et al. Immunomodulatory effects of MVC intensification

in HIV-infected individuals with incomplete CD4+ T cell recovery during suppressive

ART. 18th Conference on Retroviruses and Opportunistiv Infections, 27 February–2

March 2011, Boston 2011.

37 Trottier B, Cooper DA, Wood R, Carosi G, Van der Ryst E, Heera J et al. MERIT:

Week 96 virologic response and tropism at virological failure by baseline CD4+ cell

count. 49th ICAAC, San Francisco, CA, USA, September 12–15, Poster H-921 2009;

Poster H-921.

38 Lalezari J, Yadavalli GK, Para M, Richmond G, DeJesus E, Brown SJ et al. Safety, phar-

macokinetics, and antiviral activity of HGS004, a novel fully human IgG4 monoclonal

antibody against CCR5, in HIV-1-infected patients. J Infect Dis 2008; 197:721–7.

39 Saag M, Goodrich J, Fätkenheuer G et al. A double-blind, placebo-controlled trial of

maraviroc in treatment-experienced patients infected with non-R5 HIV-1. J Infect Dis

2009; 199:1638–47.

40 Wilkin T, Ribaudo H, Gulick R. The relationship of CCR5 inhibitors to CD4 count

changes: a meta-analysis of recent clinical trials in treatment-experienced subjects. 15th

Conference on Retroviruses and Opportunistic Infections, Boston 2008 Feb 2–6 2008;

Abstract 800.

41 Gazzola L, Tincati C, Bellistri GM, d’Arminio Monforte A, Marchetti G. The absence of

CD4+ T cell count recovery despite receipt of virologically suppressive highly active

antiretroviral therapy: clinical risk, immunological gaps, and therapeutic options. Clin

Infect Dis 2009; 48:328–37.

ª 2012 The Authors. Immunology ª 2012 Blackwell Publishing Ltd, Immunology, 137, 89–97 97

HIV infection: CCR5 and T-cell activation


