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Abstract
Microglia activation in the central nervous system is associated with a rapid mor-
phological change into amoeboid macrophage-like cells. Activated microglia phago-
cytose dead or damaged cells and the expression of surface molecules like class II
MHC and B7 co-stimulatory proteins suggest that microglia can also present anti-
gens. 

The expression of chemokine receptor CCR7 in professional antigen presenting
cells (APCs) like dendritic cells (DCs) is correlated with their maturation stage and
can, for instance, be triggered by bacterial cell wall lipopolysaccharide (LPS). CCR7
plays a key role in the homing of mature DCs to lymphnodes, where its’ ligands
CCL19 and CCL21, are expressed.

Since microglia are considered “putative” APCs we have investigated whether
immune activation induces expression of CC7 as described for DCs. 

After stimulation with LPS or ovalbumin a fast and marked increase in microglial
CCR7 mRNA expression was observed. Next, we studied expression of CCR7 in
experimental allergic encephalomyelitis, a rodent model for multiple sclerosis.
Animals exhibiting clinical symptoms were found to express higher levels of CCR7
than control animals. Presumably both microglia and infiltrating T-cells are the cel-
lular source for this CCR7 expression. The results of these experiments suggest that
under specific inflammatory conditions, microglia express CCR7, corroborating the
idea that microglia develop into APCs. 

119
> C C R 7  e x p r e s s i o n  i n  a c t i v a t e d  m i c r o g l i a  a n d  E A E <



Introduction
In the healthy CNS, microglia appear as small ramified cells that are considered to
continuously screen the microenvironment in neuronal tissue. Microglia are activat-
ed whenever the CNS is challenged and/or damaged. This activation is triggered by
proinflammatory factors released by neurons and glial cells and/or by the encounter
of foreign particles like viruses and bacteria 45,49,50. Activated microglia rapidly change
into amoeboid macrophage-like cells that produce various inflammatory, neu-
rotrophic and neurotoxic mediators 25,36. In addition, activated microglia phagocy-
tose dead or damaged cells and debris 8,15,35. In addition, these microglia increase
their expression of cell surface proteins like chemokine receptors and molecules of
the class II major histocompatibility complex (MHC) 1,27,46. Furthermore, expression
of co-stimulatory molecules, such as B7 proteins, has been found on activated
microglia and it is suggested that microglia can act as antigen presenting cells
(APCs) 2,7,34. 

In general, the trafficking of professional APCs and other leukocytes is regulated
by chemokines, small proteins that guide cell migration. Chemokines and their
receptors are classified in four families based on the presence and position of two
conserved cysteine residues near their N-terminus. Accordingly, CXC, CC, CX3C
and XC chemokine families have been identified 37,41. By regulating the migration of
leukocytes chemokines are important in orchestrating immune responses. During
the initial afferent phase of immune responses, tissue-resident APCs such as imma-
ture dendritic cells (DCs) encounter and take up antigens, which triggers DC mat-
uration. As they mature, DCs change their chemokine receptor expression pattern
and are directed to the lymphnodes (LNs) 42,43. In the LNs, T-cells are subsequently
primed by exposure to the presented antigens. The efferent arm of immune respons-
es entails re-encounter of antigen by T-cells in the peripheral tissue and their devel-
opment into final effector cells. Homing of APCs to LNs is mediated by CCL19 and
CCL21, CC chemokines that are strongly expressed in the high endothelial venules
and T-cell areas of LNs and lymphatic endothelium 21,24,51. The receptors for CCL19
and CCL21, CCR7, is expressed in mature dendritic cells and in naïve T-cells and
B-cells, which home to the LNs 14,16,30,43. Maturation of DCs is accompanied by a
change in the chemokine receptor expression pattern resulting in a prominent
expression of CCR7. Thus, expression of CCR7 in DCs and macrophages mediat-
ed by stimulation with TNF-α, CD40L or bacteria-derived components like outer
membrane protein A (OmpA) or LPS has been reported 21,28,42,42,43,48.

Chemokines and their receptors are also expressed in the CNS 11 and induced
expression of various chemokines and receptors has been observed in different neu-
ropathologies 5,10,23,52. It is known that both neurons and glial cells can produce
chemokines and express chemokine receptors. Increased levels of chemokines in the
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brain is often accompanied by infiltration of leukocytes across the blood-brain bar-
rier (BBB), as, for instance, has been observed in multiple sclerosis (MS). Thus,
expression of chemokine receptors in the CNS is thought to play an important role
in the migration of glial cells and leukocytes to damaged sites in the CNS 6,31,47.

We are interested in the chemokine receptor expression profile and antigen pre-
senting capabilities of microglia. In previous studies we demonstrated that both
murine and human microglia are able to migrate in response to CCL21 10,22,40. In
these studies, however, we did not find expression of CCR7 in microglia, but
instead, we have provided strong evidence that the chemokine receptor CXCR3
mediates CCL21-induced functional responses in microglia 22,40. Nevertheless, the
fact that professional APCs like dendritic cells can be triggered to express CCR7 by
exposure to OmpA or LPS suggests that microglia (as semi-professional APCs in the
CNS) can be triggered to express CCR7. 

In the present study we challenged murine microglia with LPS and investigated
the effect on the expression of the receptors for CCL21, CCR7 and CXCR3.
Whereas no differences were found in expression of CXCR3, a marked and fast
increase in CCR7 mRNA expression was observed. Furthermore, we found that
immune-activated microglia, derived from CXCR3-/- mice, migrate towards
CCL21. This indicates that the response to CCL21 in these cells is mediated by a
functional CCR7 receptor. In order to provide a link between antigen presentation
and expression of CCR7 we have also stimulated microglia with ovalbumin.
Following exposure to and uptake of ovalbumin an increase in microglial CCR7
mRNA expression was observed. In addition, we investigated expression of CCR7
in allergic encephalomyelitis (EAE) an experimental animal model for MS. In CNS
tissue of animals displaying early clinical symptoms of EAE an increase in CCR7
mRNA was found when compared to healthy controls. Infiltration of T-cells, how-
ever, was observed only at later stages of the disease. This finding suggests recruit-
ment of another CCR7+ cell type at the early stage of EAE. The results of the cur-
rently presented experiments suggest that under specific inflammatory conditions,
activated microglia express a functional CCR7 receptor. This finding supports the
notion that that microglia could possibly act as APCs. 
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Materials and Methods 

Animals and EAE induction
All animal experiments have been approved by the animal experimental committee.
The animals were handled and housed according to the guideline of the central lab-
oratory animal facility of Groningen. 

For induction of EAE, young adult (8 weeks old) female C57BL/6 mice were
immunized with MOG peptide as described previously 4,13. Immunization emulsions
consisting of 200 mg MOG peptide (35-55) emulsified in incomplete Freund’s
adjuvans (IFA, Difco) and supplemented with 60 mg killed mycobacteria (Difco)
were subcutaneously injected on day 0 and 7. Control mice were injected with
emulsion lacking MOG peptide. All animals were injected (i.p) with 200 ng per-
tussis toxin in PBS immediately and 24 hours after immunization.

Clinical signs of EAE were scored daily in all animals. Different clinical stages
were assessed as follows: 0 = normal; 1 = limp tail; 2 = impaired righting reflex; 3 =
partial hind-limb paralysis; 4 = total hind-limb paralysis. Signs of a lesser severity
than typically observed were scored as 0.5 less than the indicated grade. At different
time points and various clinical scores, animals were decapitated under isoflurane
anesthesia. Brains and spinal cords were removed and snap-frozen in liquid nitrogen.
Sections of 20 µm thick were cut on a cryostat, lysed in guanidinium isothio-
cyanate/mercaptoethanol (GTC) buffer and used for RNA isolation. Additionally,
sections of 10 µm were collected on APES-coated slides for immunohistochemistry
and/or in situ hybridization.

Cell cultures

Primar y microglia cultures
Mixed glial cell cultures were prepared from both wild type and CXCR3 knockout
mice. Glial cell cultures were established as described previously 9. Briefly, mouse
brain cortex was dissected from newborn mouse pups (1-3 days old). Brain tissue
was gently dissociated by trituration in phosphate-buffered saline and filtered
through a cell strainer (70 µm Ø, Falcon) into Dulbecco’s Modified Eagle medium
(DMEM, Life technologies). After two washing steps (1000 rpm for 10 min), cells
were seeded in culture flasks. 

Cultures were maintained up to 4 weeks in DMEM containing 10% fetal calf
serum with 0.01% penicillin and 0.01% streptomycin in a humidified atmosphere
(5% CO2) at 37°C. These cultures contained 70-75% astrocytes (GFAP positive
cells) and 20-30% microglia (F4/80-positive cells); 1-5% of the cells did not stain
for either GFAP or F4/80 and were most likely endothelial cells and/or fibroblasts.
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Culture medium was changed the second day after preparation and every 6 days
thereafter. After approximately 12 days, floating microglia were harvested from con-
fluent mixed astrocyte cultures and plated in new culture flasks for stimulation and
chemotaxis experiments. For in situ hybridization and immunocytochemistry har-
vested microglia were plated on 12 mm Ø poly-L-lysine coated coverslips. For RNA
isolation, confluent mixed glial cultures were subjected to mild trypsinization 44,
leaving a rich, undisturbed and firmly attached microglia population. Highly puri-
fied microglia cultures were maintained in culture for 1-3 days in mixed glial-con-
ditioned medium before stimulation and further processing. Microglia cultures were
pure (>95%) as tested by cell-specific markers (F4/80 or Cd11b).

RAW 264.7 cell cultures
Cultures of the macrophage cell line RAW 264.7 were maintained in DMEM, sup-
plemented with 10% FCS in a humidified atmosphere (5% CO2) at 37°C.
Confluent cultures were stimulated with LPS in the same approach as described
below for primary microglia. After stimulation RAW 264.7 cells were lysed in GTC
for subsequent RNA isolation and gene expression analysis. 

Lipopolysaccharide (LPS) stimulation and exposure to DQ-ovalbumin
Prior to RNA isolation and gene expression analysis microglia cell cultures were
stimulated with LPS (100 ng/ml) for 2, 4, 6, 12 or 24 hours and subsequently lysed
in GTC. Microglia used for in situ hybridization were stimulated for 2 hours with
100 ng/ml LPS, before fixation in paraformaldehyde.

In a different experiment, pure microglia cultures in either flasks or on poly-L-
lysine coated coverglasses, were incubated with a BODIPY conjugated ovalbumin
(DQTM-ovalbumin, Molecular Probes). This is a self-quenched conjugate, particu-
larly suitable to study antigen processing. Upon hydrolysis by proteases, quenching
is terminated and fluorescent products with emission maximum of 515 nm and 620
nm are released. Up-take and processing of DQ-ovalbumin by microglia and den-
dritic cells has already been reported in other studies 19,33. Microglia were incubated
with DQ-ovalbumin (100 µg/ml in PBS) for 15 min. at 37°C. Hereafter, cells were
thoroughly washed with PBS at 4°C and put back on culture medium at 37°C for
2 and 4 hours to allow further processing of DQ-ovalbumin. Next, cells were
washed in PBS and lysed in GTC or fixed in 4% paraformaldehyde for RNA isola-
tion or fluorescent microscopy respectively. Negative controls consisted of cultures
that lacked the hours of processing at 37°C and were directly lysed or fixed after
washing.
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Reverse Transcription – Polymerase Chain reaction (PCR) 
Total RNA was extracted with slight modifications according to Chomczynski and
Sacchi 17. One µg of total RNA was transcribed into cDNA as described 9. Two µl
of cDNA was subsequently amplified in the PCR and the products were visualized
on an ethidiumbromide stained 1.5% agarose gel. Quality of the cDNA was exam-
ined using gene specific primers (GSPs) for the housekeeping gene glyceraldehyde-
3-phosphate dehydrogenase (GAPDH). Potential contamination of RNA samples
by genomic DNA was checked for by running reactions without reverse transcrip-
tase and using GAPDH primers in the following PCR amplification. Used GSPs for
the examined genes are listed in table 5-1. All primers were purchased from Genset
and identities of the resulting PCR products were verified by cloning them into
pCRII (Invitrogen) and subsequent sequencing.

Quantitative Real-Time PCR (Q-PCR)
Real-time PCR, using an iCycler (Bio-rad, Veenendaal, The Netherlands) and iQ
SYBR Green supermix (Bio-rad), was performed on 4 ng cDNA from primary
microglia cultures or EAE brain tissue. GSPs (see table 1) for Q-PCR, yielding PCR
products of approximately 100 base pairs long, were designed by the Primer
Designer program (Scientific and Educational Software, Version 3.0). PCR reac-
tions with GSPs for CCR7 and CXCR3 were run in parallel with GSPs for the
housekeeping genes β-glucoronidase (GUS) and hydroxymethylbilane synthase
(HMBS). All primers were purchased from Genset. Melt-curve analysis was per-
formed immediately following amplification in order to check primer specificity. For
analysis, the comparative Ct method (amount of target amplicon X in sample S,
normalized to a reference R and related to a control sample C, calculated by 
2-{(CtX,S-CtR,S )-(CtX,C-CtR,C)} was used to determine the fold difference between experimental
and control samples. In each experiment samples were run in duplicate. Results are
the averaged data of three independent experiments and are given as mean ± S.E.M.
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In Situ Hybridization
For in situ hybridization experiments CCR7 and GAPDH PCR products were
cloned into the dual promotor PCR II vector and linearized. Sense and antisense
probes were synthesized by run-off transcription in the presence of the appropriate
RNA polymerase and digoxigenin (DIG)-conjugated UTP according to the manu-
factures' protocol (Roche).

Cultures were fixed in 4% paraformaldehyde (pH 9.5). After rinsing with KPBS
endogenous peroxidase activity was quenched by a 15 min incubation with 1%
H2O2 to minimize background staining. Cultures were permeabilized with 0.7%
Triton X-100 in PBS for 20 min and subsequently equilibrated in 0.1M tri-
ethanolamine (TEA) for 1 min and then acetylated in freshly prepared 0.25% acetic
anhydride in 0.1M TEA for 10 min. After rinsing in 2X SSC, the cells were dehy-
drated and air-dried before hybridization. 

Cultures were hybridized overnight at 60°C in a solution containing 50% for-
mamide, 0.3 M NaCl, 10 mM Tris (pH 8.0), 1 mM EDTA, 1 X Denhardt’s solu-
tion, and 10% dextran sulphate. The final probe concentration was 20 ng/ml
hybridization mixture. After hybridization, the cells were rinsed and treated with
Rnase (10 µg/ml) for 30 minutes at 37°C. Coverslips were then subjected to high-
stringency washes: 50% formamide, 2 X SSC for 30 min, followed by 50% for-
mamide, 1 X SSC for 30 min at 37°C.

GAPDH and CCR7 mRNA expression in sections of EAE brain and spinal cord
was detected by a chromogenic detection method, using anti-DIG-AP (Roche,
diluted 1:500) followed by an alkaline phosphatase color reaction (NBT/BCIP) as
described previously. 

Expression of CCR7 mRNA in cultured mouse microglia was detected using the
tyramide signal amplification (TSA)-FITC method according to the manufacturer
(PerkinElmer). Cells were incubated for 1 hr at RT with anti-DIG-HRP (Roche,
diluted 1:100), washed, blocked and incubated with biotinyl-tyramide (1:50 in the
diluent provided). The complex was then visualized with streptavidin-FITC (Vector,
1:100). Coverslips were rinsed and mounted in Vectashield (Vector), before analysis
using fluorescent microscopy. 

Immunocytochemistry
Cell cultures and sections were fixed with 4% paraformaldehyde in phosphate
buffered saline (PBS), washed three times with PBS, and blocked with 10% fetal calf
serum (FCS), 2% bovine serum albumin (BSA) in PBS+0.5% Triton X-100 (PBS+).
After 30 minutes, cells were incubated with antibodies against the microglia mark-
er F4/80 (Serotec) or the T-cell marker CD3 (Serotec) for 2-24 hr in (PBS+) and
2.5% FCS. Antibody-antigen reactions were detected using the biotin-streptavidin
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method and visualized with 3,3’-diaminobenzidine (DAB)/H2O2. The slides were
rinsed, mounted in DEPEX and analyzed by light microscopy. Negative control
experiments were performed by omitting primary antibodies.

Chemotaxis assay
Migration of microglia obtained from CXCR3 knockout animals was determined in
assays using a 48-well chemotaxis microchamber (NeuroProbe). One day after har-
vesting and plating in new cultures flasks, microglia were stimulated with LPS (100
ng/ml) or vehicle (PBS) for 24 hours. Hereafter, cells were collected and 1.5·104

viable cells were applied per well (50 µl) in the upper chamber. CCL21 (R&D)
stock solutions were prepared in PBS and further diluted in DMEM. Migration was
measured in response to 1 nM CCL21, DMEM without chemokine served as a con-
trol. Lower and upper chambers were separated by a polyvinylpyrrolidone-free poly-
carbonate filter (Osmonics, 8 µm pore size). The chamber was incubated for 2 hours
at 37°C and 5% CO2 in a humidified atmosphere, hereafter cells on the filter were
fixed and stained. Migrated cells were counted and data are presented as percentages
of control-migration. Chemotaxis experiments were performed in triplicate with six
measurements per group. 

Statistical analysis
Real-time Q-PCR data were analyzed and tested against 1, using the one-sample t-
test. Data from chemotaxis assays were analyzed with one-way ANOVA followed by
Tukey’s post hoc multiple comparison. All statistical tests were performed in SPSS
(SPSS 10.07, SPSS Inc., Chicago, IL, USA) and p levels ≤ 0.05 were considered 
significant. 
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Results

LPS induces CCR7 mRNA expression in cultured wild type microglia
and RAW 264.7 cells
Microglia are known to exhibit properties that resemble some features of
macrophages. In a recent study, up-regulation of CCR7 has been reported in LPS or
OmpA stimulated macrophages 28. As a first experiment, we therefore stimulated the
macrophage cell line RAW 264.7 with LPS. Using RT-PCR we observed induction
of CCR7 mRNA expression in LPS stimulated RAW 264.7 cells (fig. 5-1), which
largely resembled that of primary microglia (compare fig. 5-1 and fig. 5-2A). Like
primary microglia, RAW 264.7 showed expression of CCR7 mRNA already 2 hours
after of stimulation with LPS. Expression of CCR7 was still detectable after 24
hours. In contrast to microglia, RAW 264.7 cells express a low level of CCR7
mRNA in the unstimulated condition. 

Expression of mRNA in cultured wild type microglia and RAW cells was investi-
gated using RT-PCR, Q-PCR and in situ hybridization experiments. Treatment of
microglia cell cultures with LPS induced a marked increase in CCR7 mRNA expres-
sion. Using RT-PCR experiments, increased levels of CCR7 could already be
observed 2 hours after application of LPS. Although a decline in CCR7 expression
over time was observed, CCR7 mRNA remained present up to 24 hours after stim-
ulation (fig. 5-2A). Subsequent Q-PCR experiments confirmed these data and
revealed a significant increase in CCR7 expression after LPS stimulation (fig. 5-2B).

Inducible CCR7 mRNA expression 2 hours after treatment with LPS could also
be detected by in situ hybridization (fig. 5-3). In situ hybridization experiments were
performed with different immunological detection methods. These different 
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Figure 5-1 CCR7 mRNA expression in LPS-stimulated RAW 264.7 cells.

RT-PCR experiments showed increased expression of CCR7 in LPS (100 ng/ml) stimulated RAW 264.7 cells.

PCR for GAPDH indicated comparable quality of the cDNA used. Results shown are representative of three

independent experiments. nc = negative control, MM = molecular marker.
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Figure 5-2 CCR7 mRNA expression in LPS-stimulated cultured microglia.

RT- (A) and Q-PCR (B) experiments revealing expression of CCR7 in microglia after LPS (100 ng/ml) stim-

ulation. Shown are expression levels after 2, 4, 6, 12 and 24 hours of exposure to LPS. Non-stimulated (C)

microglia did not express CCR7. GAPDH message was included to demonstrate equal qualities of cDNA

throughout the experiments. The representative results of three independent experiments are shown. nc =

negative control, MM = molecular marker.

For Q-PCR experiments CCR7 expression was normalized to HMBS expression and the unstimulated con-

dition was taken as reference value (=1). Results shown are the mean data of three independent experi-

ments. * p ≤ 0.05.
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Figure 5-3 Cellular distribution of CCR7 mRNA in LPS-stimulated microglia.

In situ hybridization experiments performed on cultured microglia revealed that unstimulated microglia

incubated with antisense CCR7 probe (A) displayed similar low intensity staining patterns as observed for

the sense controls (C). 2 hours after stimulation with LPS, microglia showed a bright perinuclear staining

when hybridized with the antisense probe (B). Control in situ hybridization experiments were performed

using GAPDH sense and antisense probes (E and F respectively). Control immunocytochemical experiments

with F4/80 antibody confirmed the microglial nature of the used cell cultures (D). Used magnifications: A-

C: 400X, D-F: 200X.



protocols were applied according to the abundance of specific mRNA transcripts.
Thus, whereas low abundant CCR7 mRNA was detected using the TSA method
(fig. 5-3 A-C), expression of the housekeeping gene GAPDH was visualized with
our standard method (fig. 5-3E and F). 

Whereas non-stimulated microglia (fig. 5-3A) demonstrated a fluorescent signal
comparable with sense negative controls (fig. 5-3C), LPS stimulated cells hybridized
with CCR7 antisense probes displayed a clear peri-nuclear fluorescent signal 
(fig. 5-3B). Immunocytochemistry using a primary antibody against the microglia
marker F4/80 indicated the purity of the microglia cultures (fig. 3D). 

CXCR3 knock-out microglia express CCR7 and migrate towards
CCL21 after LPS stimulation
In order to show that the increased CCR7 mRNA expression in microglia, follow-
ing stimulation with LPS, yields functional CCR7 receptors the chemotactic
response to CCL21 was investigated. In a previous study it was demonstrated that
microglia migrate in response to CCL21 10. However, this CCL21 induced migra-
tory response is mediated via CXCR3 and not CCR7 40. Therefore, we stimulated
microglia obtained from CXCR3 knockout mice with LPS and examined their abil-
ity to migrate in response to CCL21. First, we investigated whether CXCR3-/-
microglia displayed the same increase in CCR7 expression as wild-type microglia.
RT-PCR and Q-PCR assays revealed that CXCR3-/- microglia also increased CCR7
mRNA expression after exposure to LPS (fig. 5-4 A and B). Compared to wild-type
microglia, in CXCR3-/- microglia CCR7 mRNA levels appeared to be lower and
were hardly detectable using RT-PCR analysis. However, Q-PCR revealed a signifi-
cant induction of CCR7 mRNA expression and peak expression levels tended to
occur at a later time point when compared to wild-types (fig. 5-4B). Second,
CXCR3-/- microglia were stimulated with LPS for 16 hours and thereafter their
ability to migrate in response to CCL21 was determined. Whereas non-stimulated
microglia did not show any migration towards CCL21, confirming previous results
40, a significant migratory response of LPS-treated microglia was observed 
(fig. 5-4C). 

Up-take and processing of DQ-ovalbumin is associated with
increased CCR7 mRNA expression in microglia
In the periphery, CCR7 is expressed in professional APCs like matured dendritic
cells that have encountered antigen. Since we observed inducible CCR7 expression
in microglia and since microglia are thought to be potential APCs, we investigated
whether microglial up-take and processing of antigen is associated with expression
of CCR7. Exposure of microglia to DQ-ovalbumin resulted in fast up-take and 
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Figure 5-4 CCR7 mRNA expression and functional activity in LPS-stimulated cultured microglia derived

from CXCR3-/- mice.

RT- (A) and Q-PCR (B) experiments showing CCR7 expression in LPS-stimulated (100 ng/ml) CXCR3-/-

microglia. Non-stimulated (C) CXCR3-/- microglia did not express CCR7. GAPDH message was included

to warrant equal qualities of cDNA throughout the experiments. The representative results of three inde-

pendent experiments are shown. nc = negative control, MM = molecular marker. For Q-PCR experiments

CCR7 expression was normalized to HMBS expression and the unstimulated condition was taken as refer-

ence value (=1). Results shown are the mean data of three independent experiments. * p ≤ 0.05.

Chemotaxis assays (C) showing migration of LPS-stimulated CXCR3-/- microglia in response to 1 nM

CCL21. Depicted are the representative data of one experiment. * p ≤ 0.05



processing of this substance, as determined using fluorescent microscopy (fig. 5-5 A-
C; arrowheads in C indicate accumulation of digested DQ-ovalbumin fragments).
RT-PCR experiments revealed an increase in CCR7 expression, which was
detectable after 2 hours of DQ-ovalbumin incubation and increased further after 4
hours of incubation (fig. 5-5D).

EAE development in C57BL/6 mice
The development of EAE in the mice that were used for this experiment have
already been described elsewhere 13. Briefly, animals developed clinical signs that
were detectable 11 days after the first immunization and onwards. The animals
reached score 2-3 after approximately 20 days. None of the control-injected animals
displayed signs of EAE.

Increased CCR7 mRNA expression in brain and spinal cord of 
EAE mice
EAE represents an animal model with a clear neuroinflammatory component, in
which activated microglia appear to play an important role. For this reason we exam-
ined the expression of CCR7 at various stages of the disease.

RT-PCR (fig 5-6A) revealed increased CCR7 mRNA levels in brain and spinal
cord tissue from animals displaying clinical symptoms. Q-PCR confirmed a signifi-
cant increase in CCR7 expression in brain tissue of animals exhibiting clinical symp-
toms (fig. 5-6B). In fact, animals with higher clinical scores also showed higher
CCR7 mRNA expression levels.

Next, we compared the expression levels of CCR7 in microglia and EAE brain
with that of CXCR3, a chemokine receptor found in infiltrating T-cells in both EAE
and MS tissues (fig. 5-7). In contrast to CCR7, LPS does not affect the expression
of CXCR3 in microglia. Whereas CCR7 mRNA is already found present at clinical
score 1, an increase in CXCR3 is only found in animals with higher clinical scores
(fig. 5-7). 

In situ hybridization and immunocytochemistry were then performed in order to
examine CCR7 mRNA in EAE brain tissue and to identify cells involved in the
pathology of EAE (fig. 5-8). No staining for CCR7 was found in tissue from healthy
or low scored animals (not shown). We were able to identify CCR7 positive cells
only in brain sections of mice displaying severe (score 3 or higher) clinical symptoms
(fig. 5-8B). These brain sections were characterized by the presence of a substantial
amount of reactive microglia (fig. 5-8C) and a low amount of infiltrated CD3 
positive T-cells (fig. 5-8D). 
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Figure 5-5 Up-take and processing of DQ-ovalbumin is associated with CCR7 mRNA expression in

microglia.

Microglia were exposed to DQ-ovalbumin for 15 minutes and subsequently washed (A) or incubated at

37°C. After 2 hours of incubation accumulation of digested DQ-ovalbumin was visible as an intense fluo-

rescent signal (B and C, arrowheads).

PCR experiments (D) revealed expression of CCR7 mRNA in microglia after 2 and 4 hours of incubation

with DQ-ovalbumin, whereas 15 min exposure without incubation did not induce CCR7 mRNA expression.

PCR for GAPDH indicated comparable quality of the cDNA used and cDNA of spleen tissue was included

as positive control for the primers. nc = negative control, spl = spleen, MM = molecular marker. Used mag-

nifications: A-B: 200X, C: 400X.
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Figure 5-6 CCR7 mRNA expression in EAE CNS.

RT- (A) and Q-PCR (B) experiments showing presence of CCR7 mRNA in spinal cord and brain from EAE

mice. CCR7 levels were examined in tissue from animals displaying no (0), mild (1) and severe (1+) clinical

symptoms. GAPDH message was included to demonstrate equal qualities of cDNA throughout the experi-

ments. Representative results of three independent experiments are given. nc = negative control, MM =

molecular marker.

For Q-PCR experiments CCR7 expression was normalized to HMBS expression and the unstimulated con-

dition was taken as reference value (=1). Depicted results are the averaged data of three independent

experiments. * p ≤ 0.05.
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Figure 5-7 CCR7 and CXCR3 mRNA expression in cultured microglia and EAE brain.

RT-PCR for both CCR7 and CXCR3 in control microglia (-), LPS-stimulated microglia (100 ng/ml for 2

hours) and brain tissue from mice displaying no (0), mild (1) and severe (3) symptoms of EAE. GAPDH mes-

sage was included to demonstrate equal qualities of cDNA throughout the experiments. Representative

results of three independent experiments are given. nc = negative control, MM = molecular marker.
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Figure 5-8 Distribution of CCR7 mRNA, in microglia and T-cells in mouse brain tissue taken after induc-

tion of EAE.

In situ hybridization shows the presence of CCR7+ cells in score 3 EAE brain tissue (B, arrowheads). Tissues

incubated with sense probe served as controls (A). Immunocytochemistry using the markers F4/80 (C) and

CD3 (D) demonstrated respectively the presence of microglia and T-cells in score 3 EAE brain. Used mag-

nification: A-D: 200X.



Discussion
Microglia are the immune-competent cells of the CNS and resemble peripheral DCs
in their ability to efficiently migrate, phagocytose, process and present antigens. This
immune-activated phenotype of microglia has been observed under neurodegenera-
tive conditions and it is obvious that microglia play a key role in the neuroinflam-
matory processes that accompany CNS damage 7,50. 

In the periphery, DCs play an important role in the initiation of immune reac-
tions by taking up antigens and presentation to naïve T-cells in the LNs. A switch
in chemokine receptors accompanies the maturation of DCs after antigen up-take,
involving a dramatic increase of CCR7 expression. An additional pool of CCR7+

cells are naïve T-lymphocytes 14,16,30,43. Both mature DCs and naïve T-cells are attract-
ed by high levels of the CCR7 ligands CCL19 and CCL21 expressed in the periph-
eral LNs 21,24,51. The homing of these cells to the LNs plays a crucial role in the ini-
tiation and regulation of immune processes, as naïve T-cells become activated and
polarized by exposure to antigen presenting mature DCs.

In the CNS, expression of various chemokines and their receptors has been iden-
tified in all CNS cell types. Indeed, expression of CCL21 and CCL19 has been
observed in EAE brain endothelium 3,18 and in ischemic mouse neurons 10. In addi-
tion, both chemokines have been found in CSF from MS patients 38. However, the
only known CCR7+ cells in the CNS so far, are leukocytes that infiltrate under neu-
roinflammatory conditions, such as in MS or EAE. Since microglia are the major
immunocompetent cells in the CNS and resemble DCs, we examined whether LPS
activated microglia express CCR7, allowing them to migrate to sources of CCL19
and/or CCL21 during pathology.

In this study we demonstrate for the first time induced expression of CCR7 in
activated murine microglia. By means of chemotaxis experiments we furthermore
showed that this induction of CCR7 mRNA resulted in functional protein, as
CXCR3 -/- microglia were able to migrate towards CCL21 after LPS treatment. In
addition, we have also provided evidence that the processing of ovalbumin in
microglia is associated with induced expression of CCR7. Previous studies have
described CCR7 expression associated with the maturation process of dendritic
cells, triggered by inflammatory cytokines (TNF-α and IL-1), CD40L or by bacte-
rial components such as LPS and OmpA 28,42,43,48. Although the induction of CCR7
in microglia by LPS stimulation or ovalbumin processing resembles that of matur-
ing and LPS stimulated dendritic cells, it is much faster and appears already after 2
hours of LPS stimulation. CCR7 up-regulation in LPS stimulated DCs or
macrophages has been observed after 24 hours with a maximal expression after 48
hours. Moreover, the LPS concentration we used for stimulation (100 ng/ml) was
10 times less than in above mentioned studies on LPS stimulated DCs. This sug-
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gests that the induction of CCR7, rendering microglia sensitive to CCL19 and
CCL21, is a sensitive process in microglia activation taking place early under certain
inflammatory circumstances. 

We extended our study to an in vivo model for MS: EAE. In both spinal cord and
brain tissue we found an increase in CCR7 mRNA at the early stages of EAE. Since
infiltration of T-cells was not observed at these early stages, it is suggested that the
increase in CCR7 expression is not associated with infiltrating T-cells and thus rep-
resents another CCR7+ cell population. Although we do not provide direct evidence,
microglia might be among the early CCR7+ cells found in EAE. Whereas we were
able to detect CCR7 mRNA in early-stage EAE tissue by PCR experiments, we
could not confirm this with in situ hybridization. This is probably due to the rela-
tively low expression levels of CCR7 mRNA, which were undetectable by the in situ
hybridization technique. 

It should be mentioned that examining CCR7 protein levels is difficult, as anti-
bodies against mouse CCR7 are not commercially available at the moment.
Therefore, the data presented here predominantly describes expression of mRNA.
Nevertheless, since we found migration towards CCL21 in microglia derived from
CXCR3-/- mice, the presence of functional CCR7 protein seems very likely. 

In general, chemokine receptor expression enables cells to migrate towards a specif-
ic chemokine source. It is well known that chemokines and chemokine receptors are
expressed by all cell types in the CNS and several functions have been attributed to
this phenomenon including: neuroinflammation, leukocyte infiltration, host
defense, brain development, neuroprotection and neuron-glia communication 11.

The most frequently observed chemokines found up-regulated in different brain
pathologies are CXCL8 CXCL10, CCL2, CCL3, CCL4 and CCL5 5. A few studies
have reported expression of CCL21 and/or CCL19 in different brain pathologies.
CCL19 and CCL21 have been identified in neuroinflammatory conditions, like MS
and its rodent model EAE. Pashenkov and colleagues reported increased levels of
both CCL19 and CCL21 in the cerebrospinal fluid (CSF) of patients suffering from
MS or other inflammatory neurological diseases 38. A recent publication also demon-
strated expression of CCL21 in epithelial cells of the choroid plexus 32. In EAE,
CCL19 and CCL21 were found expressed in venules of the BBB 3. Moreover
CCL19+ cells have been found among the accumulating immune cells in EAE
lesions 18. In addition, our group has shown CCL21 expression in neurons of
ischemic mouse brain 10. As already mentioned, CCR7 expression has primarily been
identified on infiltrating immune cells, which are directed towards CCL19 and
CCL21 expression sites in the brain. It was previously demonstrated by us that
microglia can respond to CCL21 via activation of CXCR3 10,22,40. However, the
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CCL21-CXCR3 interaction is of low affinity compared to that of CCL21-CCR7 37.
Our finding that LPS activated microglia express CCR7, whereas non-stimulated
microglia express CXCR3 suggests that microglia differentially respond to CCL21,
dependent on the stimuli present in their surrounding environment. On one hand,
very local and high levels of CCL21 that, for instance, can be provided by
ischaemic/lesioned neurons, trigger microglia activation and migration via activa-
tion of CXCR3. On the other hand, secreted CCL21 in more “diffuse” CNS
pathologies like MS and EAE, could reach and activate CCR7+ microglia in the
direct surroundings but also at greater distance and induce migration towards the
same sites as infiltrating immune cells. Taken into account their antigen presenting
capability, microglia, might -by retaining and presenting antigens- restimulate
primed memory T-cells and initiate and/or maintain inflammation in the CNS. 

Another intriguing, but rather speculative, possibility is that CCR7+ microglia
leave the brain via primitive brain lymphatics that drain into the cervical lymphn-
odes, where high levels of CCL19 and CCL21 are expressed. It has been well docu-
mented that a significant proportion of CSF drains into the cervical lymphnodes
along some of the cranial (olfactory) and spinal nerves 12. Moreover, different stud-
ies have reported that labeled antigens or DCs injected into the brain, either in the
ventricles or parenchyma, can be traced in the cervical lymphnodes 26,29,33. In this
respect it is interesting to note the experiments performed by de Vos et al. (2002).
They reported the presence of myelin related autoantigens in the cervical lymphn-
odes of primates with EAE. In addition, they found that the antigen-loaded cells in
the cervical lymphnodes expressed CCR7 20. Based on these observations, it has been
suggested that lymphatic drainage from brain to cervical lymphnodes constitutes the
afferent arm of brain-immune processes. Thereby, the process of exposure to CNS
derived antigens and priming of naïve T-cells in the cervical LNs would be of great
therapeutical interest, since it would allow interference with the neuroinflammation
process outside the CNS. In line with this idea are the interesting results from
Phillips and co-workers, who demonstrated that removal of the cervical LNs sup-
presses cryolesion-induced aggravation of brain damage in EAE mice 39.

In conclusion, in this study we have demonstrated that microglia express CCR7
after LPS treatment, during antigen processing and in the early stage of EAE. These
results are in support of the idea that microglia can become antigen presenting cells
and migrate towards sources of CCL19 and CCL21 in the CNS, CSF or even
peripheral LNs. Here microglia might play an important role in the activation of
primed or naïve T-cells and thus the initiation and maintenance of inflammatory
processes in the CNS.
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