
INTRODUCTION

Infiltration of haematogenous inflammatory cells into brain tissue
is a crucial step in the process leading to tissue damage in multi-
ple sclerosis (MS). Emerging evidence indicates that focal
destruction of both myelin and axons, as well as oligodendrocyte
cell-death, are directly related to numbers of activated inflam-
matory cells in the lesions [1–4]. Chemokines are chemotactic
molecules that govern leucocyte accumulation in tissue during
inflammation, acting through high-affinity G-protein coupled
receptors (CXCR and CCR) on leucocytes [5–7]. Selective
chemokine receptor expression is also associated with T-cell
polarization to the T helper 1 (Th1) or Th2 phenotype both in
vitro and in vivo [8,9].

Co-localization of specific chemokines and cognate receptors
in MS lesions suggested a pathogenic role for these elements in
intrathecal accumulation of T-cells in MS. In particular, infiltrat-
ing T-cells expressed CCR5 and CXCR3 within MS plaques, and
the corresponding chemokine ligands were detected in the
lesional microenvironment [10–13]. Increased expression of
CXCR3 and CCR5 on CD4+T-cells in cerebrospinal fluid (CSF)
compared to peripheral blood mononuclear cells (PBMCs) has
also been reported in patients with MS [11,14].

The aim of the current study was to define the pattern of
expression of six chemokine receptors (CCR1-3, CCR5, CCR6,
and CXCR3) on T-cells in paired blood and CSF samples. The
receptors were chosen based on their known ability to bind to
inflammatory chemokines, and their association with trafficking
of T-cells to sites of inflammation in vivo. CCR5 and CXCR3 are
both expressed by activated memory T-cells, predominantly of a
Th1 phenotype, and have been detected on T-cells isolated from
diverse inflammatory tissues [8,9,15–17]. CCR1 and CCR2 are
highly expressed by monocytes/macrophages, but also by a subset
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SUMMARY

It is believed that chemokines and their receptors are involved in trafficking of T-cells to the central
nervous system (CNS). The aim of the current study was to define the expression on cerebrospinal fluid
(CSF) T-cells of six chemokine receptors associated with trafficking to sites of inflammation. Flow
cytometry was used to detect chemokine receptor expression. We observed that CD3+T-cells in the
CSF express a restricted array of inflammatory chemokine receptors, specifically CXCR3, CCR5 and
CCR6, but little CCR1-3. This repertoire was independent of the presence of CNS inflammation, since
comparable findings were obtained in patients with multiple sclerosis (MS) and individuals with 
non-inflammatory neurological diseases. The enrichment of CCR5+T-cells in the CSF could largely 
be explained by higher frequency of CD4+/CD45RO+T-cells in this compartment. In contrast,
CD4+/CD45RO+T-cells expressing CXCR3 were significantly enriched in CSF as compared with blood.
Similar levels of CCR6+/CD3+T-cells were observed in blood and CSF, while levels of CCR2+/CD3+T-
cells were lower in CSF than in blood. The CSF was virtually devoid of CCR5+/CXCR3- T-cells, 
suggesting that the expression of CCR5 alone is not sufficient for the trafficking of CD3+T-cells to the
CSF. We hypothesize that CXCR3 is the principal inflammatory chemokine receptor involved in
intrathecal accumulation of T-cells in MS. Through interactions with its ligands, CXCR3 is proposed to
mediate retention of T-cells in the inflamed CNS.
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of activated memory T-cells [7]. CCR2 is detected on activated
CD26+T-cells, which, at least in vitro are highly competent at
transendothelial migration [18]. The expression of CCR2 is 
associated with chronic activation of human T-cells and also with
Th2 phenotypic commitment in the setting of autoimmunity, but
Th1 responses to pathogen challenge [19–21]. In one study, CCR2
expression was described on T-cells in MS lesions [22]. CCR3 has
been associated with T-cells of a Th2 phenotype, which together
with the pattern of CCR3 expression on eosinophils, basophils
and mast cells, suggests a role in the recruitment of inflammatory
cells in allergic inflammation [23–27]. In contrast, little is known
about the function of CCR6 on T-cells. Because of CCR6 expres-
sion on non-activated T-cells, there has been speculation that
CCR6 is involved in the first stage of inflammation by recruiting
resting memory T-cells to sites where activation can occur [28].

It is well known that the cellular composition of both normal
and pathological CSF differs profoundly from peripheral blood.
Of importance for comparative studies of expression of T-cell
markers in blood and CSF is an increased CD4/CD8 ratio in CSF
as compared to blood [29]. In addition, it has been demonstrated
that the majority of both CD4+ and CD8+T-cells in the CSF are
of a memory phenotype compared to approximately 40–50% in
peripheral blood [30]. Since the expression of chemokine recep-
tors on T-cells is dependent on the activation state of the cell, with
higher expression of most inflammatory chemokine receptors on
activated effector or memory T-cells compared to naïve T-cells
[16,31], we elected to study chemokine receptor expression 
both on the total population of CD3+T-cells, as well as in the 
subpopulation of CD4+/CD45RO+ memory T-cells.

Our results showed that CD3+T-cells in the CSF express a
restricted array of inflammatory chemokine receptors, specifically
CXCR3, CCR5 and CCR6, but little CCR1-3. Interestingly, this
repertoire was independent of central nervous system (CNS)
inflammation, since similar findings were observed in patients
with MS and controls with non-inflammatory neurological dis-
eases. Whereas the expression of both CCR5 and CXCR3 was
increased on CD3+T-cells in the CSF, the increase in CCR5
expression in the CSF compared to blood could largely be
explained by an accumulation of CD4+/CD45RO+T-cells in the
CSF. In contrast, CD4+/CD45RO+T-cells expressing CXCR3
were significantly enriched in CSF as compared to blood. We
hypothesize that CXCR3 is the principal inflammatory
chemokine receptor involved in intrathecal accumulation of 
T-cells in MS.

MATERIALS AND METHODS

Patients
Blood and CSF were obtained from 74 consecutive patients
referred for diagnostic lumbar puncture at the Department of
Neurology, Cleveland Clinic Foundation (CCF). The study was
approved by the Institutional Review Board of the CCF and
informed consent was obtained from all patients.

Twenty-nine patients (21 women) had evidence of inflam-
matory CNS demyelination [32], manifested either as MS (18
patients), or as a clinically isolated syndrome suggestive of MS in
combination with abnormal magnetic resonance imaging (MRI)
and/or CSF studies (10 patients). One patient had recurrent 
multicentric myelitis. Their ages ranged from 21 to 64 years (mean
39). Twenty-two patients (76%) had evidence of intrathecal IgG
synthesis in the form of CSF oligoclonal bands and/or increased

IgG index. The median CSF cell count was 2·2 leucocytes/ml
(range 0–14). None of the patients were examined during acute
exacerbation, or treated with immunomodulatory drugs.

Forty-five patients (31 women) had non-inflammatory neuro-
logical diseases (NIND). Their diagnoses were: paresthesias (11
patients), headaches (9), CSF circulation disturbance (6), vertigo
(6), psychiatric disease (3), ischaemic disease (3), cranial nerve
palsy (2), CNS tumour (1), seizures (1), autonomic dysfunction
(1), amyotrophic lateral sclerosis (1), and nutritional polyneu-
ropathy (1). Their ages were between 26 and 78 years (mean 47).
One patient (2%) had evidence of intrathecal IgG synthesis. The
median CSF cell count was 0·8 leucocytes/ml (range 0–5).

In addition, blood and CSF were obtained from three patients
(2 women) with known MS for the study of CCR5 expression on
CD4+/CD45RO+T-cells. These patients were being treated with
intrathecal baclofen for intractable spasticity. Their ages were
32–44 years (mean 37). Routine CSF analysis was not performed
in these patients. Two of the patients were receiving imm-
unomodulatory drugs (one patient each with methotrexate and
the combination of methotrexate and interferon-b1a).

Immunostaining for chemokine receptor analysis
CSF. 10 ml aliquots of CSF were collected, immediately

chilled, centrifuged at 250 g for 7 min at +4°C, and resuspended to
a volume of 100 ml. Due to low numbers of CSF cells, most
samples were not divided into several stainings, but all cells were
used for the analysis of one or two chemokine receptors.

Double- or triple-labelling experiments using directly 
conjugated antibodies [Table 1, all monoclonal antibodies
(moAbs) except CCR2 clones DOC-3 and DOC-4] were per-
formed in one step. Non-specific FcR-binding was blocked with
0·2 mg/ml normal mouse IgG (Caltag Laboratories, Burlingame,
CA, USA) for 15 min at +4°C. Cells were incubated with PE- or
FITC-labelled antichemokine receptor moAbs in combination
with anti-CD3 PerCP (SK7, BD Biosciences, San Jose, CA, USA),
anti-CD4 PerCP (SK3, BD Biosciences), and/or anti-CD45RO
FITC (UCHL1, PharMingen, San Diego, CA, USA) for 30 min at
+4°C, after which cells were washed twice with ice cold FACS-
buffer (PBS containing 1% fetal calf serum and 0·1% sodium
azide), and fixed with 1% paraformaldehyde (PFA). Control
experiments with CSF cells incubated for 15 min at room tem-
perature (RT) were performed to detect differences in CCR5
expression under different staining conditions.

Experiments using the non-conjugated CCR2 moAbs DOC-
3 and DOC-4 were performed in three steps. After blockade of
non-specific FcR-binding with 0·2 mg/ml normal goat IgG (Caltag
Laboratories), cells were incubated with CCR2 moAbs DOC-3 or
DOC-4, followed by incubation with PE-conjugated goat anti-
mouse IgG1 or IgG2b (Southern Biotechnology Associates Inc.,
Birmingham, AL, USA), and subsequent incubation with anti-
CD3 PerCP, anti-CD4 PerCP and/or anti-CD45RO FITC. Each
step was incubated for 30 min at +4°C (DOC-3) or 15 min at RT
(DOC-4) and separated by two washes with ice-cold FACS-
buffer.

Lysed whole blood. One hundred ml of heparinized venous
blood was blocked with 0·2 mg/ml normal mouse IgG for 15 min
at RT for double- or triple labelling experiments using directly
conjugated antibodies. Staining was performed for 15 min at RT
using identical concentrations of moAbs as for CSF. After stain-
ing, cells were incubated with 2 ml of FACS lysing solution (BD 
Biosciences) for 10 min at RT to lyse erythrocytes. Cells were 
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centrifuged, washed twice with ice cold FACS-buffer and 
subsequently fixed with 1% PFA. Control experiments with 
cells incubated for 30 min at +4°C were performed to detect 
differences in chemokine receptor expression under different
staining conditions.

Experiments using the non-conjugated CCR2 moAbs DOC-
3 and DOC-4 were performed in three steps as described for the
CSF. Each step was incubated for 30 min at +4°C (DOC-3) or 
15 min at RT (DOC-4) and separated by two washes with ice-cold
FACS-buffer. Erythrocytes were lysed after the last staining step
using FACS lysing solution as described above. Experiments using
non-conjugated isotype matched control moAbs did not show any
non-specific binding of the secondary goat anti-mouse IgG1 and
IgG2b Abs.

PBMCs. To obtain PBMCs, equal volumes of heparinized
venous blood and ice cold PBS containing 0·3% human serum
albumin (HSA, Sigma-Aldrich, St. Louis, MO, USA) were 
mixed and centrifuged through Lymphocyte Separation Media
(Mediatech Inc., Herndon, VA, USA). Cells at the interface were
harvested, washed twice with PBS/HSA, and resuspended to 106

cells/ml in ice cold FACS-buffer. 100 ml of cell suspension was
blocked with 0·2 mg/ml normal mouse IgG for 15 min at RT. Stain-
ing was performed for 15 min at RT using identical concentrations
of moAbs as for lysed whole blood stainings. After staining, cells
were washed twice with ice cold FACS-buffer and subsequently
fixed with 1% PFA.

Selection of antibodies for flow cytometry
Preliminary studies showed that CCR2 clones 48607·211, DOC-3
and DOC-4, and CXCR3 clones 49801·111 and 1C6 resulted in
comparable stainings. The CCR5 clone 2D7 stained a higher 
percentage of cells than clone 45531·111 and was used based on
its documented ability to completely block the binding of the
natural ligands of CCR5 to CCR5 transfectants [33].

Effects of staining conditions on chemokine receptor
expression
The most common procedure to stain chemokine receptors on T-
cells from PB for flow cytometry has been to isolate PBMCs using
density centrifugation on Ficoll cushions. It has, however, been
suggested that this protocol may induce selective down-regulation
of chemokine receptor surface expression [34,35]. When compar-
ing the expression on CD3+T-cells of the six chemokine receptors

under study in three healthy donors, it was observed that the
expression of CCR2 and CCR5 was consistently reduced in stain-
ings of PBMCs as compared to stainings of whole blood per-
formed at RT, with subsequent selective erythrocyte lysis (Fig. 1).
Since the principal object of the current study was to compare
chemokine receptor expression in blood and CSF, we stained
chemokine receptors in whole blood, with subsequent selective
erythrocyte lysis. This method reduced ex vivo handling of blood
samples and was directly comparable to the protocol used for
CSF.

It was also observed that the expression of CCR2 and CCR5
on CD3+T-cells was reduced in stainings performed at +4°C com-
pared to RT. This led us to perform stainings of peripheral blood
at RT. Since CSF usually contains few cells that decay rapidly [36],
the majority of CSF samples were stained at +4°C in order to 
minimize cell losses. Additional experiments were performed to
exclude the possibility that differential receptor detection at RT
(for blood cells) as compared with +4°C (for CSF cells) could
explain observed differences in the expression of CCR2 and
CCR5 between PB and CSF.

Table 1. Chemokine receptors, moAbs used, and their ligand and leucocyte specificity [7]

Chemokine Receptor Clone Human ligands Cell types

CCR1 53504·111 (PE, R & D) CCL3, CCL5, CCL7 T-cells, NK-cells, macrophages, granulocytes, DC
CCR2 48607·211 (PE, R & D) CCL2, CCL7, CCL8 T-cells, B-cells, NK-cells, macrophages

DOC-3, DOC-4 (Unlabelled, MM)
CCR3 61828·111 (PE, R & D) CCL5, CCL7, CCL8, CCL11 T-cells, granulocytes
CCR5 2D7 (PE, PharMingen) CCL3, CCL4, CCL5, CCL8 T-cells, B-cells, macrophages, DC

45531·111 (PE, R & D)
CCR6 11A9 (PE, PharMingen) CCL20 T-cells, B-cells, DC
CXCR3 49801·111 (FITC, R & D) CXCL9, CXCL10, CXCL11 T-cells, B-cells

1C6 (PE, PharMingen)

R & D, R & D Systems Inc., Minneapolis, MN; MM, generated by M. Mack; PharMingen, PharMingen, San Diego, CA; DC, dendritic cells.

0

20

40

60

80

100

%
 p

os
iti

ve
 C

D
3+

 T
-c

el
ls

CCR1 CCR2 CCR3 CCR5 CCR6 CXCR3

Fig. 1. Chemokine receptor expression on CD3+T-cells was compared in
stainings of whole blood, followed by selective erythrocyte lysis, per-
formed at RT (�) and +4°C ( ), and in stainings of PBMCs performed
at RT (�). Figure shows mean +SD of three healthy donors.
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Flow cytometric analysis and statistical methods
Cells were acquired on a FACScan flow cytometer (BD 
Biosciences) and analysis performed using WinList software
(Verity Software House Inc., Topsham, ME, USA). Cells were
gated according to forward- and side light-scattering properties,
and were positively selected for CD3 or CD4 expression. Isotype
matched control moAbs (purchased from BD Biosciences and
Southern Biotechnology Associates Inc.) were used for defining
background fluorescence. Since the results were not normally dis-
tributed, the nonparametric Mann–Whitney U-test and Wilcoxon
signed rank test were used for statistical analysis. Reported P-
values are two-tailed and considered statistically significant at 
P < 0·05.

RESULTS

Expression of inflammatory chemokine receptors on 
CD3+T-cells in PB and CSF
In initial studies, the expression of chemokine receptors on
CD3+T-cells was compared in paired blood and CSF samples
from an unselected group of neurological patients referred for
diagnostic lumbar puncture. Characteristic flow plots are shown
in Fig. 2.

A restricted repertoire of chemokine receptors was detected
on CD3+T-cells in the CSF. More than 90% of CD3+T-cells in the
CSF expressed CXCR3, and more than 65% expressed CCR5
(Table 2). A smaller fraction (30%) of CD3+T-cells in the CSF
expressed CCR6. Few CD3+T-cells in the CSF expressed CCR1,
CCR2, or CCR3.

Compared to PB, there was a clear accumulation in the CSF
of CD3+T-cells expressing CXCR3 and CCR5 (P < 0·001 for both
comparisons; Table 2). In contrast, the expression of CCR6 was
similar on CD3+T-cells in PB and CSF, while the expression of
CCR2 was significantly reduced on CD3+T-cells in the CSF (P <
0·001). To exclude the possibility that differential receptor detec-
tion at RT (for blood cells) as compared with +4°C (for CSF cells)
could explain reduced percentages of CCR2+/CD3+T-cells in
CSF, we took advantage of the availability of two additional
moAbs, one of which (CCR2 clone DOC-3) induced weak recep-
tor endocytosis at RT and was used at +4°C, while the other
(CCR2 clone DOC-4) did not induce receptor endocytosis at RT
and was used at this temperature (MM, unpublished results).
With CCR2 clone DOC-3, we detected a median of 8% (range
3–12%; n = 6, all NIND) CCR2+/CD3+T-cells in CSF compared
to 23% (range 18–38%; P= 0·05) in PB. CCR2 clone DOC-4
detected 12% (range 9–26%; n = 7, all NIND) CCR2+/CD3+T-
cells in CSF compared to 21% (range 17–31%; P = 0·01) in PB.
Thus, it was confirmed that the expression of CCR2 on CD3+T-
cells was reduced in CSF, compared to PB.

Chemokine receptor expression on CD3+T-cells was
comparable, regardless of patient diagnosis
To determine whether accumulation of CXCR3+and CCR5+T-
cells in the CSF only occurs during CNS inflammation, the
patients were retrospectively subgrouped as having inflammatory
CNS demyelination (MS) or non-inflammatory neurological dis-
orders (NIND), according to underlying diagnoses. From this
analysis, it was clear that the repertoire of chemokine receptor
expression on CD3+T-cells was similar in patients with CNS
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Fig. 2. Cells from peripheral blood (PB) and CSF were gated according to forward- and side light scattering properties, and were posi-
tively selected for CD3 expression. Histograms for each chemokine receptor on CSF T-cells (——) are shown overlaid on the paired stain-
ing of PB T-cells (-----) from the same donor. Isotype matched control moAbs were used for each chemokine receptor.
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inflammation and individuals with NIND, although the small
number of patients analysed precludes detection of minor 
quantitative differences. In particular, CXCR3+/CD3+and
CCR5+/CD3+T-cells were enriched equally in the CSF of MS
patients with inflammatory CNS demyelination, and patients with
NIND lacking CNS inflammation (Fig. 3, Table 2).

CCR5 and CXCR3 coexpression on individual CD3+T-cells in
PB and CSF
Since > 90% of all CD3+T-cells in the CSF were CXCR3+, a sig-
nificant overlap between the expression of CXCR3 and CCR5
could be anticipated. Upon directly analysing coexpression of
CXCR3 and CCR5 on individual T-cells, we found that essentially
all CCR5+/CD3+T-cells in the CSF (median 96%, range 93–99%,
n = 4 MS/6 NIND) expressed CXCR3. Interestingly, while 
9·9% (range 4·8–18·7%) of all CD3+T-cells in PB were
CCR5+/CXCR3-, only 2·3% (range 0·5–3·9%; P < 0·005) of all
CD3+T-cells in the CSF had this phenotype (Fig. 4).

Expression of inflammatory chemokine receptors on
CD45RO+/CD4+ T-cells in PB and CSF
Since CSF contains higher percentages of CD4+/CD45RO+T-
cells compared to PB [30], experiments were performed to com-
pensate for this difference in cellular composition between blood
and CSF. Preliminary studies showed that >95% (median 98%,
range 96–100, n = 7 NIND) of all CD4+T-cells in the CSF were
CD45RO+, permitting us to analyse chemokine receptor expres-
sion on CD4+T-cell in the CSF, using the assumption that these
cells constituted a comparable population to CD4+/CD45RO+T-
cells in blood. This approach allowed us to use optimally the few
CSF cells available.

These experiments showed that the enrichment of CCR5+T-
cells in the CSF could be explained by accumulation of
CD4+/CD45RO + T-cells in the CSF. Approximately 50% of all
CD4 + T-cells in the CSF expressed CCR5, a level that was 

comparable to the expression of CCR5 on CD4+/CD45RO+T-
cells in PB (P = 0·7; Table 2). No differences in CCR5 expression
on CD4+/CD45RO+T-cells were observed between patients with
MS and NIND (blood, P = 0·4; CSF, P = 0·6; Table 2).

In preliminary analyses, we found moderate reduction in
CCR5 expression in cells analysed at +4°C as compared with RT
(Fig. 1). This observation raised the possibility that comparison of
T-cell CCR5 in blood (stained at RT) and CSF (stained at +4°C)
might underestimate CCR5 detection on CSF T-cells. To address
this possibility, we stained paired blood and CSF samples 

Table 2. Chemokine receptor expression on CD3+ and CD45RO+/CD4+† T-cells in peripheral blood and CSF

CCR1 CCR2 CCR3 CCR5 CCR6 CXCR3
Median (range) Median (range) Median (range) Median (range) Median (range) Median (range)

CD3+
MS Blood (%) 0·9 (0·5–1·1) 13·7 (7·3–27·9)*† 7·4 (7·1–18·4) 34·5 (20·8–49·6)*† 29·6 (15·8–49·0) 44·4 (32·3–58·6)*††

CSF (%) 0·7 (0·5–1·1) 3·0 (1·1–4·8) 0·8 (0·8–2·5) 55·9 (48·4–62·8) 26·4 (17·3–51·2) 91·2 (88·2–93·1)
No· exam· 4 5 3 5 9 5

NIND Blood (%) 1·1 (0·5–2·1) 17·2 (10·7–26·0)*† 2·8 (0–18·8) 36·6 (29·3–53·4)*† 29·5 (22·8–49·1) 51·2 (34·1–62·6)*††
CSF (%) 2·3 (1·2–4·5) 2·7 (1·1–3·7) 1·2 (0–4·2) 63·6 (26·5–78·7) 31·1 (17·7–50·2) 91·9 (86·0–97·1)
No· exam· 7 6 4 14 14 11

CD45RO+/CD4+
MS Blood (%) n·d· n·d· n·d· 43·8 (26·6–69·00) n·d· 66·4 (61·4–71·8)**††

CSF (%) 38·1 (24·0–68·3) 89·8 (86·2–94·7)
No· exam· 9 3

NIND Blood (%) n·d· 31·4 (22·5–47·4)** n·d· 51·8 (30·7–70·5) 56·9 (43·7–67·1)** 61·0 (44·8–72·1)**††
CSF (%) 16·4 (8·2–30·3) 52·2 (26·0–74·4) 39·0 (32·2–54·5) 90·3 (80·4–95·4)
No. exam. 8 12 8 6

†Since preliminary studies showed that >95% of all CD4+ T-cells in the CSF were CD45RO+, this marker was omitted in CSF stainings in order to
optimally use the few cells available; ††P-values calculated on all patients as one group; *P < 0·001, **P < 0·01, blood versus CSF; MS, patients with inflam-
matory CNS demyelination {manifested as MS (21 patients), a clinically isolated syndrome suggestive of MS (10 patients), or recurrent multicentric myelitis
(one patient); NIND, non-inflammatory neurological diseases.
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Fig. 3. Chemokine receptor expression was determined on CD3+T-cells in
peripheral blood (PB) and CSF from patients with inflammatory CNS
demyelination (manifested as MS (21 patients), a clinically isolated syn-
drome suggestive of MS (10 patients), or recurrent multicentric myelitis
(1 patient); (�) and control individuals with non-inflammatory neurolog-
ical disorders (NIND; �) using flow cytometry. Lines connect paired blood
and CSF samples from individual patients.
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from five consecutive patients with NIND at RT. In these 
experiments, CD4+T-cells in the CSF showed significant enrich-
ment for CCR5 (61%, range 58–77%), as compared to CD4+/
CD45RO+T-cells in PB (44%, range 37–69%; P < 0·05). However,
even under these optimal conditions for detecting CCR5 expres-
sion, CSF enrichment for CCR5+T-cells remained modest, and a
substantial proportion of CD4+T-cells in the CSF remained CCR5
negative.
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Fig. 4. Co-expression of CXCR3 and CCR5 on individual T-cells in (a)
peripheral blood and (b) CSF was compared using three-colour flow
cytometry. Cells were gated according to forward- and side-light scatter-
ing properties, and were positively selected for CD3 expression.

The CSF population of CD4+T-cells was significantly enriched
for CXCR3 both in patients with MS and NIND, even after com-
pensating for the accumulation of CD4+/CD45RO+ cells in the
CSF (Table 2). Strikingly, 90% of CSF CD4+T-cells expressed
CXCR3, as compared with 60% of CD4+/CD45RO+T-cells in PB
(P < 0·01). Enrichment for CXCR3+T-cells in CSF was relatively
selective, as expression of both CCR2 and CCR6 was lower on
CSF CD4+T-cells, as compared to CD4+/CD45RO+T-cells in PB
(Tables 2, P < 0·01 for both comparisons).

DISCUSSION

Using flow cytometry, we demonstrated that CD3+T-cells in the
CSF express a restricted repertoire of inflammatory chemokine
receptors, specifically CXCR3, CCR5 and CCR6, but little CCR1-
3. The expression of CXCR3 and CCR5 was increased on CD3+T-
cells in the CSF compared to PB, whereas levels of CCR6
expression were comparable in these two compartments. 
Accumulation of CXCR3+ and CCR5+T-cells has previously
been demonstrated in CSF compared to PBMCs [11,14]. A poten-
tial explanation for increased expression of CXCR3 and CCR5 in
the CSF could, however, be that CSF contains more activated
memory T-cells compared to PB. We observed, in agreement with
earlier studies [30], that the majority of CD4+T-cells in the CSF
express the CD45RO isoform, compared to only 30–40% of PB
T-cells. CD45RO has been shown to correlate with the ability of
the cell to proliferate to recall antigens and provide help for anti-
body production [37], and can be used as a marker for a memory
phenotype. As part of this phenotype, CD4+/CD45RO+T-cells
express high levels of adhesion- and activation-related molecules
promoting cell trafficking, including chemokine receptors such as
CXCR3 and CCR5 [16,30,31].

We found that most of the accumulation of CCR5+T-cells 
in the CSF could be explained by a selective enrichment of
CD4+/CD45RO+T-cells in the CSF. By contrast, CXCR3 expres-
sion was clearly increased on T-cells in the CSF even after com-
pensating for the enrichment of CD4+/CD45RO+T-cells in this
compartment. A less important role for CCR5 in the accumula-
tion of T-cells in the CSF was also suggested by the fact that
almost no CCR5+/CXCR3- T-cells could be detected in the CSF,
and that CCR5+/CXCR3- T-cells were more abundant in PB than
CSF. Interestingly, it has been reported that CCR5+/CXCR3- 
T-cells in PB produce less interferon-g and more interleukin-4
compared to CCR5+/CXCR3+T-cells, and constitute a subset of
CCR5+ cells which are not associated with a Th1 phenotype [9].
Taken together, these data indicate that the expression of 
CCR5 alone seems not to be sufficient for the accumulation of
CD3+T-cells in the CSF, but that there might be a requirement
for CXCR3 expression as well. The large number of CCR5+T-
cells observed in the CSF may plausibly reflect the association of
CCR5 with previous cell activation and coexpression with
CXCR3 on individual T-cells rather than a specific attraction of
T-cells through CCR5.

An unexpected finding was that the expression of CCR2 on
CD3+T-cells and CD4+/CD45RO+T-cells was reduced in the CSF
compared to PB regardless of the presence of CNS inflammation.
This is in contrast to an earlier study, which showed (nonstatisti-
cally) increased levels of CCR2+/CD4+T-cells in the CSF, com-
pared to PBMCs from patients with MS [14]. In that study, levels
of CCR2+/CD4+T-cells in PB from patients with MS were around
3%, compared to 14% of CCR2+/CD3+T-cells in the present
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study. Even though a moAb from the same clone was used in both
studies, the group of Misu et al. used a biotinylated form, which
in our hands gives a dim staining with considerably fewer stained
cells compared to the directly conjugated form (PK, RMR:
unpublished observation).

CCR2 binds to multiple inflammatory chemokines such as
CCL2, 7, 8, and 13 [7,38]. Of these, CCL2 has been detected in the
CSF from patients with a wide range of inflammatory and non-
inflammatory neurological diseases including MS, as well as
orthopedic patients without inflammatory disease who under-
went epidural anaesthesia [11,39–41]. CCL2 is dramatically up-
regulated in the CSF of patients with bacterial meningitis or HIV-
associated dementia, but significantly reduced in MS patients
during relapses, as compared with remission [11,39–43]. In
patients with arthritis the percentage of CCR2+T-cells was con-
siderably higher in the synovial fluid than in PB suggesting that
CCR2 plays a different role in CNS and joint inflammation [44,45].

CXCR3 is highly expressed on T-cells isolated from diverse
inflamed tissues, as reported in rheumatoid arthritis, ulcerative
colitis, hepatitis C, sarcoidosis, and inflammation of the skin
[16,46–49], and is proposed to mark a subset of lymphocytes with
enhanced ability to accumulate in inflammatory sites. Several
investigators have demonstrated increased levels of CXCL10, one
of three ligands for CXCR3, in the CSF from patients with MS
compared to control individuals [39,41]. CXCL10 immunoreac-
tivity has been detected in MS brain lesions colocalizing with
CXCR3 positive cells in individual perivascular infiltrates, 
suggesting biological significance for the observation of increased
frequencies of CXCR3+T-cells in the CSF [13]. Administration of
neutralizing antibodies against CXCL10 ameliorated further
disease activity and reduced accumulation of mononuclear cells
in experimental autoimmune encephalomyelitis, an animal model
of MS [50].

A major finding of the current study was that the pattern of
chemokine receptor expression on CD3+T-cells in the CSF was
not different in MS patients compared to patients with NIND, but
seemed to be independent of underlying CNS pathology. In
animal models, activated and memory T-cells enter the CNS 
compartment across an intact blood–brain barrier regardless of
the presence of inflammation, presumably in the process of 
physiological immune surveillance of the CNS [51,52]. Aside from
a requirement for P-selectin binding activity, little is known about
the molecular determinants by which these cells enter the
intrathecal compartment [53]. Emerging evidence suggests that
the expression of certain chemokine receptors on PB T-cells helps
to define discrete, well-defined tissue-committed subpopulations,
such as skin-homing (expressing CCR4) and gut-homing (express-
ing CCR9) memory T-cells [54]. Whether specific chemokines and
their receptors could account for physiologic trafficking of T-cells
through the brain remains uncertain. The wide range of tissues in
which CXCR3 has been detected argues against a role for CXCR3
in CNS-specific homing of T-cells.

Our working hypothesis is that CXCR3 is involved in
intrathecal retention of T-cells in the presence of inflammation,
rather than recruitment of T-cells into the CNS [55]. In MS,
ligands for CXCR3 are present both in CSF and perivascular
tissue [10–12,39,56], resulting in the activation of leukointegrins
on T-cells expressing CXCR3, causing retention of these cells and
the subsequent formation of perivascular T-cell infiltrates. T-cells
entering the CNS in the absence of inflammation, when only 
negligible levels of CXCR3 ligands are present, fail to be retained

and consequently recirculate back to the periphery. Indirect proof
for this notion comes from studies of brain tissue that revealed
abundant expression of CXCR3 on T-cells in perivascular MS
lesions but only rarely in non-inflamed brain [10–12]. Presently, it
is not feasible to distinguish between CSF T-cells that derive from
the choroid plexus or through migration across the ependymal
barrier or the perivascular spaces around parenchymal vessels in
clinical materials. It is consequently not possible to differentiate
factors involved in physiological from those involved in 
pathological trafficking in such settings, but studies in experi-
mental model system are necessary.

In conclusion, we observed that CD3+T-cells in the CSF
express a restricted repertoire of inflammatory chemokine recep-
tors, specifically CXCR3, CCR5 and CCR6, but little CCR1-3.
This repertoire was independent of the presence of CNS inflam-
mation, since similar findings were observed in MS patients 
and patients with NIND. The enrichment of CCR5+T-cells in the
CSF could largely be explained by higher frequency of 
CD4+/CD45RO+T-cells in this compartment. In contrast, CD4+/
CD45RO+T-cells expressing CXCR3 were significantly enriched
in CSF as compared with blood. These results identify CXCR3 as
an inflammatory chemokine receptor likely to be involved in the
intrathecal accumulation of T-cells in MS. The role for CXCR3 is
probably not exerted at the level of trafficking of T-cells into the
CSF compartment, but the expression of CXCR3 ‘arms’ T-cells to
persist in the CNS in the presence of inflammation.
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