
Peripheral blood T4 cell surface CCR5 density as a marker of
activity in rheumatoid arthritis treated with anti-CD20 monoclonal

antibody

Introduction

The chemokine (C-C motif) receptor CCR5 and its three

major ligands, the chemokines CCL3, CCL4 and particu-

larly CCL5, seem to play key roles in rheumatoid arthritis

(RA). CCL3, CCL4 and CCL5 are produced by synovial

macrophages and fibroblasts as well as by chondrocytes,

particularly under stimulation by tumour necrosis factor

(TNF)-a,1–5 a key cytokine in RA. Consequently, the

synovial fluid concentrations of CCL3, CCL4 and CCL5

are increased in RA.1,6–10 The overproduction of these

C-C chemokines in the pathological joint is thought to be

involved in the attraction of CCR5-positive monocytes

and T helper type 1 (Th1) as well as Th17 lymphocytes,

an event that could increase inflammation. In support of

this hypothesis, anti-CCL5 antibodies and CCR5 antago-

nists inhibit the development of arthritis in animal mod-

els of RA.11–13 Moreover, a mutation occurring within the

promoter region of the CCL5 gene has been linked to

RA.14 Last but not least, subjects heterozygous for the

D32 deletion in the CCR5 gene, who express low cell sur-

face densities of CCR5, seem to be partially protected

from RA,15–18 and particularly from severe forms of the

disease.19

The more CCR5 molecules a cell expresses at its sur-

face, the more intensively it is attracted by CCR5

ligands.20 In particular, surface CCR5 density determines

the level of chemotaxis of a T cell towards RA synovial

cells producing CCL5.21 Therefore, the level of expression

of CCR5 at the surface of circulating T4 cells should be

an important factor deciding whether or not they are

recruited to the inflamed joints.

B cells have been shown to be key players in RA

immunopathology. In addition to their properties of anti-

gen presentation, B cells are major co-activators of T cells

in synovitis. Moreover, B cells are source of cytokines,

including TNF-a and lymphotoxin, contributing to local

inflammation.22 Rituximab, a monoclonal antibody

(mAb) targeting B cells, has been shown to induce

long-term clinical responses in active RA refractory to

TNF-a blockade.23 Rituximab therapy results in early and

dramatic B-cell depletion, but also modifies T-cell activa-

tion, the Th1:Th2 ratio, the regulatory T-cell subpopula-

tion and the apoptotic pathway in T cells.24–26 Thus,
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Summary

The chemokine (C-C motif) receptor CCR5 and its ligand CCL5 play key

roles in the intra-articular recruitment of peripheral blood mononuclear

cells (PBMC) in rheumatoid arthritis (RA). Therefore, using quantitative

cytofluorometry, we followed T4 cell surface CCR5 density in 27 subjects

with RA before and after treatment with the anti-CD20 monoclonal anti-

body rituximab. We observed low T4 cell surface CCR5 densities before

treatment, which correlated positively with disease activity, as determined

using a disease activity score evaluated on 28 joints (DAS 28), and nega-

tively with CCL5 mRNA concentrations in PBMC, contrasting with a high

proportion of intracellular CCR5 molecules, a pattern compatible with

ligand-induced CCR5 internalization. At 3 months post-treatment, CCL5

mRNA expression in PBMC declined, whereas T4 cell surface CCR5

densities increased proportionally to the decrease in DAS 28. Thus,

peripheral blood T4 cell surface CCR5 density is a good surrogate marker

of RA activity and of the efficiency of anti-CD20 therapy.
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rituximab could exert its effect on Th1-mediated auto-

immune diseases via cellular as well as humoral immunity.

For these reasons, we measured peripheral blood T4

cell surface CCR5 expression in subjects with active RA,

and followed its evolution under therapy targeting CD20.

Materials and methods

Patients

A total of 27 patients were evaluated at the University

Hospital of Montpellier, and included in this study, all

satisfying the American College of Rheumatology (ACR)

criteria revised in 1987 for RA diagnosis. The criteria for

patient eligibility were: RA, resistance to at least one dis-

ease-modifying antirheumatic drug (DMARD) and at

least one TNF-a antagonist, age over 18 years and written

consent. Exclusion criteria were: a history of severe or

recurrent infectious disease, absence of contraception,

pregnancy, a diagnosis of cancer, and prior rituximab

treatment. Among these 27 patients, 14 treated with rit-

uximab as recommended by the manufacturer and the

French Drug Agency AFSSAPS (1000 mg; two perfusions

within 15 days) were followed up.

Flow cytometry

B cells from whole blood were quantified after direct

labelling with a phycoerythrin (PE)-conjugated anti-CD19

mAb (Beckman Coulter, Roissy CDG Cedex, France).

CCR5 density at the surface of peripheral blood T4 cells

was quantified as previously described.27 Briefly, blood

was collected in ethylenediaminetetraacetic acid (EDTA)

tubes and processed immediately. Peripheral blood mono-

nuclear cells (PBMC) were directly labelled with a PE-

conjugated anti-CD4 mAb (Beckman) and indirectly

labelled with the anti-CCR5 mAb 2D7 (Pharmingen, San

Diego, CA) and a fluorescein isothiocyanate (FITC)-con-

jugated anti-immunoglobulin probe (Beckman). After gat-

ing on CD4+ cells, the intensity of CCR5 expression on

CCR5-expressing cells was analysed by converting FITC

fluorescence into the mean number of cell surface-bound

mAb molecules per cell, using populations of standard

microbeads pre-coated with different well-defined quanti-

ties of mAb (QIFIKIT; Dako, Glostrup, Denmark) and

concurrently labelled with the same FITC-conjugated

probe. For CCR5 intracellular detection, cells were first

permeabilized using phosphate-buffered saline containing

0�2% Saponin (Sigma-Aldrich, St Quentin Fallavier,

Cedex, France). CCR5 monoclonal antibody or isotypic

control was then added and incubated for 30 min on ice.

After two washes, cells were incubated for 30 min on ice

with the FITC-conjugated anti-immunoglobulin probe.

Finally, cells were labelled with the PE-conjugated anti-

CD4 mAb.

mRNA isolation and quantitative reverse transcription–
polymerase chain reaction (RT-PCR)

Total RNA was isolated from freshly collected PBMC

using the QIAamp RNA blood mini kit (Qiagen SA,

Courtaboeuf Cedex, France) as recommended by the sup-

plier. Extracted RNA (500 ng) was then reverse tran-

scribed using the High Capacity cDNA Archive kit

(Applied Biosystems, Courtaboeuf, France) according to

the manufacturer’s instructions. Quantitative RT-PCR

was then carried out with the ABI PRISM 7900HT

sequence detection system (Applied Biosystems). Data

were collected with instrument spectral compensations

using the Applied Biosystems SDS 2.1 software, and analy-

sed using the threshold cycle (Ct) relative quantification

method. The content of cDNA samples was normalized

by subtracting the number of copies of the endogenous

glyceraldehyde 3-phosphate dehydrogenase (GAPDH) ref-

erence gene from that of the target gene (DCt = Ct of tar-

get gene )Ct of GAPDH) and expressed as 2)DCt.

Statistical analysis

CCR5 expression on T4 cells, CCR5 and CCL5 mRNA

concentrations in PBMC from healthy subjects or those

with RA, and data on subjects with RA at inclusion and

after 3 months of treatment were compared using the

Mann–Whitney test. Variations in B-cell count, and in

CCR5 and CCL5 mRNA concentrations in PBMC after

anti-CD20 therapy were analysed with a paired version of

the Wilcoxon signed-rank test. Pearson rank correlations

were used to evaluate the link between CCR5 density and

a disease activity score evaluated on 28 joints (DAS 28).

Results

Peripheral blood T4 cell surface CCR5 density is
down-regulated in RA

We measured by quantitative flow cytometry the mean

number of CCR5 molecules at the surface of peripheral

blood T4 cells in 27 subjects with active RA and com-

pared these CCR5 densities with those for age- and sex-

matched healthy volunteers. The bioclinical characteristics

of the patients are indicated in Table 1. Figure 1(a) shows

that in RA CCR5 is drastically under-expressed at the sur-

face of circulating T4 cells [arithmetic means of 5671

(95% confidence interval (CI) 4860–6482) and 8257 (95%

CI 7675–8840) CCR5 molecules per cell in RA and non-

RA individuals, respectively; P < 0�001]. Similarly, the

percentage of T4 cells expressing CCR5 was lower in indi-

viduals with RA than in healthy volunteers [arithmetic

means of 22% (95% CI 17–27) and 27% (95% CI 24–30)

in RA and non-RA individuals, respectively; P = 0�044;

Fig. 1b].
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CCL5 mRNA is over-expressed in PBMC from RA
subjects

Next, we tried to determine which factors might be respon-

sible for the low T4 cell surface CCR5 density we observed

in subjects with RA. First, we measured by quantitative

PCR the amount of CCR5 mRNA present in their PBMC.

We noted an increase in CCR5 mRNA concentration in the

PBMC of patients as compared with healthy volunteers

[arithmetic means of 0�11 (95% CI 0�07–0�15) and 0�04

(95% CI 0�03–0�04) in RA and non-RA individuals, respec-

tively; P = 0�005; Fig. 1c]. Thus, the decrease in CCR5

expression at the T4 cell surface does not seem to be a con-

sequence of a decrease in CCR5 gene expression. As CCR5

ligands produced by PBMC permanently induce CCR5

internalization into T4 cells,28,29 we hypothesized that the

low level of CCR5 expression at the surface of T4 cells

might be a consequence of a CCR5 over-internalization as

a result of overproduction of CCR5 ligands. To test this

possibility, we measured the mRNA amount of the most

abundant CCR5-binding chemokine, CCL5, in the PBMC

of these patients. As compared with the controls, we

observed that RA PBMC over-expressed CCL5 mRNA

[arithmetic means of 14�07 (95% CI 8�41–19�74) and 4�33

(95% CI 3�24–5�42) in RA and non-RA individuals, respec-

tively; P = 0�011; Fig. 1d]. In order to further test the

hypothesis that T4 cell surface CCR5 under-expression in

RA is the consequence of CCR5 internalization, we com-

pared the amount of CCR5 molecules present inside RA T4

cells with the amount of CCR5 molecules present inside

non-RA T4 cells. For this purpose, we permeabilized the

cells before labelling them with the anti-CCR5 mAb.

Figure 2 illustrates such an experiment. The number of

CCR5 molecules exposed at the T4 cell surface of the sub-

ject with RA, measured on CCR5-positive non-permeabi-

lized cells, was 4747 (Fig. 2b), whereas the total number of

CCR5 molecules present on the inside and outside of the

cell, measured on CCR5-positive permeabilized cells, was

17 858 (Fig. 2d). By contrast, for the healthy donor, T4 cell

surface CCR5 density was 5611 (Fig. 2a), whereas the total

number of CCR5 molecules was 15 078 (Fig. 2c). Thus, the

percentage of non-internalized CCR5 was only 27% for the

subject with RA, whereas it was 37% for the healthy con-

trol. We performed the same experiment with seven sub-

jects with RA and 11 healthy controls. Figure 3 shows that

the proportion of CCR5 molecules expressed at the cell sur-

face is actually reduced in the course of the disease [arith-

metic means of 21% (95% CI 16–26%) and 33% (95% CI

25–40%) in RA and non-RA individuals, respectively;

P = 0�015]. On the whole, these data are consistent with a

model where, in active RA, the over-expression of CCR5-

binding chemokines by PBMC results in the internalization

of CCR5 inside the T4 cells.

Table 1. Demographic, clinical and biological data for the 27 sub-

jects with rheumatoid arthritis (RA) included in the study

Parameter Mean (SD)1 Minimum Maximum

Age (years) 60�33 (11�55) 37 82

Sex ratio (%, female:male) 89:11 – –

RA duration (years) 13�3 (8�3) 1 37

Erosive RA (%) 73

Rheumatoid factor

> 30 UI/l (%)

85 – –

Prior DMARD therapy (years) 3�7 (1�9) 0 9

Prior biotherapy (years) 1�2 (1�4) 0 4

Associated DMARD

therapy (%)

70 – –

Prednisone (mg/day) 5�5 (4�9) 0 15

Patient’s assessment

of pain (0–100 mm

visual analogue scale)

53 (23) 12 85

DAS 28 5�8 (1�7) 1�9 8�5
C-reactive protein plasma

level (mg/l)

32�1 (30�7) 0 106

1Unless otherwise indicated.

DAS 28, disease activity score evaluated on 28 joints; DMARD, dis-

ease-modifying antirheumatic drug; SD, standard deviation.
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Figure 1. (a) Chemokine (C-C motif) receptor 5 (CCR5) density on

peripheral blood T4 cells, measured on CCR5-positive T4 cells by

quantitative flow cytometry, and (b) the percentage of peripheral

blood T4 cells expressing CCR5 in subjects with rheumatoid arthritis

(RA) and in healthy controls. (c) CCR5 mRNA and (d) chemokine

(C-C motif) ligand 5 (CCL5) mRNA expression in PBMC from sub-

jects with RA and from healthy controls.
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Peripheral blood T4 cell surface CCR5 density is
inversely correlated with RA activity

As CCR5 down-regulation appears to result from a high

level of inflammatory chemokine production, we tested

the hypothesis that this parameter could be linked to dis-

ease activity. For this purpose, we compared peripheral

blood T4 cell surface CCR5 density with the DAS 28

values of the patients. We found a strong negative

correlation (r = )0�532 and P = 0�007) between these two

factors (Fig. 4).
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Figure 2. Surface (a, b) and total (c, d)

chemokine (C-C motif) receptor 5 (CCR5)

expression in peripheral blood T4 cells from a

healthy donor (a, c) and a subject with rheu-

matoid arthritis (RA) (b, d). Cells permeabi-

lized (c, d) or not (a, b) were indirectly

labelled with an anti-CCR5 mouse monoclonal

antibody (solid line) or with a negative control

antibody (dotted line) and a fluorescein

isothiocyanate (FITC)-labelled goat anti-mouse

immunoglobulin probe, and directly labelled

with a phycoerythrin (PE)-conjugated anti-

CD4 antibody. PE-positive cells were analysed

for green fluorescence. A representative experi-

ment of three is shown.
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Figure 3. Proportion of chemokine (C-C motif) receptor 5 (CCR5)

molecules expressed by T4 cells that are present at the cell surface in

patients with rheumatoid arthritis (RA) as compared with healthy

donors. This proportion was calculated from the ratio of the mean

number of CCR5 molecules detected on non-permeabilized T4 cells

to the mean number of CCR5 molecules detected in and on permea-

bilized T4 cells by quantitative flow cytometry.
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score evaluated on twenty eight points (DAS) 28 in subjects with

active rheumatoid arthritis (RA).
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Increase in peripheral blood T4 cell surface CCR5
density correlates with response to therapy targeting
CD20

Fourteen of the patients elected for treatment with anti-

CD20 were followed up. Eleven of these 14 patients

responded to this therapy (decrease in DAS 28 � 1�2).

The changes in pain assessment, DAS 28, and C-reactive

protein plasma level are indicated in Table 2. The

peripheral blood B-cell counts of these patients dropped

drastically under monoclonal antibody administration

[arithmetic means of 192 (95% CI 123–261) and 6

(95% CI 0–14) B cells/ll before and after treatment,

respectively; P < 0�001; Fig. 5a]. Concurrently, we moni-

tored CCR5 and CCL5 mRNA expression in their

PBMC. The biotherapy reduced to almost physiological

levels the level of CCR5 mRNA [arithmetic means of

0�10 (95% CI 0�04–0�16) and 0�06 (95% CI 0�04–0�08)

before and 3 months after treatment, respectively;

P = 0�039; Fig. 5b] and that of CCL5 mRNA [arithmetic

means of 9�94 (95% CI 4�07–15�82) and 4�79 (95% CI

2�60–8�98) before and 3 months after treatment, respec-

tively; P = 0�057; Fig. 5c]. As a result, T4 cell surface

CCR5 density increased under therapy, and this increase

was correlated with the decrease in DAS 28 (r = )0�519

and P = 0�057; Fig. 6).

Discussion

In the present study, we found that T4 cell surface CCR5

density was diminished in subjects with RA proportion-

ally to their disease activity, and was restored proportion-

ally to the response to an anti-CD20 therapy.

Physiologically, CCL3, CCL4 and particularly CCL5

are continuously produced by PBMC, bind to CCR5

and provoke its internalization.28,29 In vitro, studying

CCR5-positive cell clones producing CCL3, CCL4 and

CCL5, Maeda et al.30 showed that the addition of anti-

chemokine antibodies to the culture resulted in an

increase in cell surface CCR5 expression. In vivo, the

administration to healthy volunteers of a CCR5 antago-

nist able to block the CCR5–chemokine interaction rap-

idly provoked the increase in peripheral blood T4 cell

surface CCR5 density.31 Here, we showed that RA

PBMC over-expressed CCL5 mRNA. This observation is

consistent with the data of Boiardi et al.,32 who

reported high serum levels of CCL5 in active RA.

CCL5 overproduction in RA might be attributable to

the presence of binding sites for the inflammatory

DNA-binding protein nuclear factor (NF)-jB in the

CCL5 promoter.33 Thus, TNF-a has been shown to

induce CCL5 gene expression.34–36 Hornung et al.34 pre-

viously reported that this resulted in CCR5 down-regu-

lation in peripheral lymphocytes, and Lane et al.35

made the same observation in peripheral monocytes

and alveolar macrophages. In the present study on sub-

jects with RA, the inverse correlation between CCR5

expression on T4 cells and the number of CCL5 mRNA

copies in PBMC, as well as the redistribution of CCR5

molecules from the surface to the inside of T4 cells,

lends credence to the hypothesis that CCR5 down-mod-

ulation is a consequence of over-internalization of the

chemokine receptor mediated by its ligands, which are

over-produced.

An additional reason for the low CCR5 expression

we observed on PBMC from subjects with RA could be

the preferential intra-articular recruitment of T4

cells with high surface CCR5 densities. As the level of

Table 2. Bioclinical changes in 14 subjects with rheumatoid arthritis

(RA) treated with rituximab

Parameter

Day 0

Mean (SD)

Day 90

Mean (SD) P-value

Patient’s assessment of

pain (0–100 mm visual

analogue scale)

59 (23) 31 (28) 0�018

DAS 28 6�4 (1�1) 4�2 (1�7) 0�002

C-reactive protein plasma

level (mg/l)

31 (33) 8 (7) 0�008

DAS 28, disease activity score evaluated on 28 joints; SD, standard

deviation.

600

400

200

P
er

ip
he

ra
l B

-c
el

l c
ou

nt
 (

ce
lls

/m
m

3 )
 

0
0 3

Time (months)

(a)

0·4

0·5

0·3

0·1

0·2

C
C

R
5 

m
R

N
A

0
0   3

Time (months)

(b) 40

30

20

10

C
C

L5
 m

R
N

A

0
0

Time (months)
3

(c)

Figure 5. (a) Peripheral B-cell count, and (b)

chemokine (C-C motif) receptor 5 (CCR5)

mRNA and (c) chemokine (C-C motif) ligand

5 (CCL5) mRNA expression in peripheral

blood mononuclear cells (PBMC) of subjects

with rheumatoid arthritis (RA) before and

after anti-CD20 therapy.
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expression of CCR5 on T4 cells determines the

intensity of attraction exerted by RA synovial cells on

T4 cells,21 peripheral blood could be depleted in T4

cells expressing high levels of CCR5. Our observation

that the percentage of circulating T4 cells expressing

CCR5 is reduced in subjects with RA, an observation

previously reported by some37,38 but not all39 groups,

argues in favour of this hypothesis. This percentage of

peripheral blood CCR5-positive T4 cells was reported

by Nissinen et al.40 to be higher in patients who did

not respond to another biotherapy, the anti-TNFa anti-

body infliximab, as compared with those who did.

Here, we did not note such a predictive value (data

not shown).

In addition to CCL5 mRNA over-expression in PBMC,

we also noted CCR5 mRNA over-expression in active

RA. This over-expression is probably a result of the fact

that the Th1 cytokines interleukin (IL)-2 and interferon

(IFN)-c are able to activate CCR5 gene transcription.41,42

Moreover, the inflammatory cytokine TNF-a, a key actor

in RA, is also known to induce CCR5 gene expres-

sion.43,44

We noted a reduction in the amount of CCL5 mRNA

in PBMC after 3 months of anti-CD20 therapy. This find-

ing is reminiscent of the decrease in the serum levels of

CCL5 under methotrexate reported by another group.32

Interestingly, in this latter work a sustained level of this

chemokine was predictive of radiological erosions after

1 year. The decrease in CCL5 mRNA expression might be

a consequence of the anti-inflammatory effect of the

B-cell depletion, either directly, for instance through the

reduction of B cell-derived cytokine expression, or indi-

rectly through an effect on T cells.

Of note, CCR5 down-regulation from the surface of

circulating T4 cells induced by the over-production of

CCR5 ligands by PBMC during active RA should result in

a reduction of the intra-articular recruitment of these T4

cells, thus creating negative feedback. From a therapeutic

point of view, the increase in peripheral production of

CCR5-binding chemokines could represent a desirable

goal. Finally, in practice, T4 cell surface CCR5 density

could be a convenient surrogate marker of RA activity

and of response to anti-CD20 therapy routinely measur-

able by flow cytometry.
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