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Abstract The expression pattern of a subset of chemo-
kines and their corresponding receptors was investigated in
primary central nervous system lymphomas (PCNSL). The
tumor cells consistently expressed CXCR4, CXCL12,
CXCRS, and CXCLI13, both at mRNA and protein levels.
Cerebral endothelial cells were positive for CXCL12 and
CXCLI13, while reactive astrocytes and microglial cells
expressed CXCL12, CCRS5, and CCR6. Inflammatory T
cells in PCNSL were characterized by CCR5 and CCR6
positivity. Taken together, our data indicate a cell type-spe-
cific repertoire of chemokine and chemokine receptor
expression in PCNSL suggesting that chemokine-mediated
interactions facilitate crossing of the blood-brain barrier as
well as intracerebral dissemination of PCNSL cells. In addi-
tion, chemokines expressed by tumor cells may contribute to
induction of reactive glial changes and influence the compo-
sition of inflammatory infiltrates in PCNSL. Therefore, cell
type specific expression of distinct chemokine profiles likely
plays a role in the pathogenesis of PCNSL and may contrib-
ute to their characteristic histological appearance.
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Introduction

Primary central nervous system lymphomas (PCNSL) are
high-grade non-Hodgkin’s lymphomas of the diffuse large
B cell type (DLBCL) confined to the CNS [26]. PCNSL
carry a worse prognosis as compared to systemic DLBCL
[29]. The pathogenesis of PCNSL is essentially unknown.
In particular, it is still unclear why these neoplasms exclu-
sively manifest in the immunoprivileged brain and often
show multifocal CNS dissemination in the absence of any
systemic spread.

With respect to the regulation of homing and spread
of lymphocytes within the CNS, chemokines may play a
pivotal role [8]. Chemokines represent a family of small
chemotactic cytokines critically involved in homing of lym-
phocytes to specific organs, including secondary lymphoid
organs [7, 24]. Lymphoid chemokines are involved in sus-
taining homeostatic leukocyte traffic and cell compartmen-
talization within these organs [41]. CXCRA4, the receptor of
CXCLI12, is constitutively expressed at high level on bone
marrow stromal cells [1, 22, 36], normal B lymphocytes
[25], and malignant B lymphocytes of patients with chronic
lymphocytic leukemia and other low-grade B cell non-
Hodgkin’s lymphoma [3, 38]. In addition, CXCR4 plays a
key role in homing and mobilization of hematopoietic stem
cells [20]. CXCL12, the stromal cell-derived factor-1 (SDF-
1), was originally isolated as a pre-B cell stimulatory factor
[22]. CXCL12 plays a critical role in the regulation of
trafficking, transendothelial migration, proliferation, and
differentiation of hematopoietic cells [2, 23]. In addition,
CXCLI12 is a potent chemoattractant for microglial cells
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Table 1 Oligonucleotide primers used for PCR analysis

Gene Forward primer Reverse primer PCR Annealing Cycles MgCI12
product (bp) temperature (°C) (mM)
ACTB gatttaaaaactggaacggtgaag taggatggcaagggacttcttg 256 60 30 2.5
CXCR4 gecaccgeatctggagaac caactgcccagaagggaag 319 56 30 1.0
CXCL12 tcagcctgagctacagatge tggtttcagagctggactee 264 56 35 1.0
CXCRS5 agacacgcagttccacggag gatggtcccacaggtgatg 278 59 35 1.0
CXCL13 caagtcaattgtgtgtgtgg tccaagtgtatatagggtgc 320 56 35 3.0
CCR5 ggeattgcetcegtctaagte ggagtctgggtgagactgtg 450 56 35 1.5
CCR6 cacctctactttcctgetacc cattgctgaaaacccacgce 440 54 40 1.5

[34], crucial for neuronal guidance in development [16, 18]
and expressed in vascular endothelia and neurons but not in
glial cells of the mature human brain [33]. The function of
CXCLI12 in the adult CNS is still uncertain. The B cell-
attracting chemokine CXCLI13 is expressed on follicular
dendritic cells and responsible for homing of CXCRS5-posi-
tive B lymphocytes as well as directing T-helper cells to the
lymphoid follicle [9, 19, 40, 42]. The CC chemokine recep-
tor 5 (CCRS), the receptor of the pro-inflammatory chemo-
kines CCL3, CCL3LI, CCL4, and CCLS, plays an
important role in the adaptive immune response due to its
expression on effector and memory T cells, Thl T cells,
macrophages, and dendritic cells [28, 39]. CCR6 is the
unique receptor for the inflammatory chemokine CCL20,
which is expressed in Peyer’s patches [5, 11, 13, 27]. CCR6
is highly expressed on immature dendritic cells [16, 27]. In
addition, CCR6 was detected on tumor cells of the vast
majority of low-grade B cell non-Hodgkin’s lymphoma as
well as on normal B lymphocytes [38].

The present study addresses the expression pattern of a
set of chemokines and their receptors in PCNSL with spe-
cial emphasis on those chemokines which are known to
play arole in B and T cell homing to the brain. We revealed
a characteristic, cell type-associated chemokine and chemo-
kine receptor expression pattern in PCNSL indicating a
potential role of these molecules in the development and
intracerebral dissemination of PCNSL.

Materials and methods

Ten PCNSL of immunocompetent patients (4 males and 6
females; mean age 63 years; range 52-75 years) were
obtained by stereotactic biopsy. In each patient, systemic lym-
phoma was excluded by clinical staging of the disease. All
studies were approved by local ethics committees. Informed
consent was provided according to the Declaration of Hel-
sinki. Diagnosis of PCNSL was based on morphological and
immunohistochemical criteria as described previously [21].
All tumors corresponded to CD20 + BCL6 + DLBCL [10].
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RNA Extraction and Reverse Transcriptase (RT)-PCR
Analysis

RNA was extracted from frozen tumor tissue samples by
using the trizol/chloroform method (Invitrogen, Kar-
Isruhe, Germany). Histological investigation confirmed
tumor cell content of at least 80% in each specimen.
First strand cDNA was synthesized using the Super-
Script II kit (Invitrogen). All cDNAs were tested for
transcripts of beta-actin as housekeeping gene by RT-
PCR. The primer sequences and cycling conditions are
listed in Table 1.

Immunohistochemistry

Immunohistochemistry was performed on formalin-
fixed, paraffin-embedded 4 um sections as described
[21]. In brief, for detection of chemokines, monoclonal
mouse anti human CXCL12, polyclonal goat anti human
CCRS5 and CXCL13, respectively, polyclonal rabbit anti
human CXCR4 and CCR6, and monoclonal rat anti
human CXCRS5 were used (Table 2). Tumors were con-
sidered positive for expression of the respective chemo-
kine, when more than 20% of the tumor cells were
immunopositive.

Results

The results of chemokine expression at the mRNA and
protein level are detailed in Table 3.

CXCR4 transcripts were detected in each of nine investi-
gated tumors. The PCR data were confirmed at the protein
level by demonstrating CXCR4 immunoreactivity in more
than 20% of the tumor cells in 7 out of 7 cases investigated
(Fig. 1a).

CXCLI12 transcripts, which encoded the ligand of
CXCR4, were also expressed in all tumors analyzed (8/8
cases). In addition, immunohistochemistry showed
CXCL12 immunoreactive tumor cells and cerebral vascular
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Table 2 Primary antibodies used for immunohistochemistry
Antibody Clone Company Species Pretreatment® Dilution
CXCR4 Polyclonal MBL/Biozol, Eching, Germany Rabbit Citrate buffer 1:500
pH6
CXCL12 79018 R&D Systems, Wiesbaden, Germany Mouse Target Retrieval Solution pH9 1:200
CXCRS5 RF8B2 BD Biosciences, Heidelberg, Germany Rat Target Retrieval Solution pH9 1:5
CXCL13 Polyclonal R&D Systems, Wiesbaden, Germany Goat Target Retrieval Solution pH9 1:50
CCR5 Polyclonal Capralogics, Hardwick, MA, USA Goat Citrate buffer 1:500
pH6
CCR6 Polyclonal MBL/Biozol, Eching, Germany Rabbit Target Retrieval Solution pH9 1:500
# Heat-induced epitope retrieval requires pretreatment.
Table 3 mRNA and protein expression of the investigated chemokines in PCNSL
Caseno. Sex Ageatonset CXCR4 CXCL12 CXCRS5 CXCL13 CCRS CCR6
mRNA Protein mRNA Protein mRNA Protein mRNA Protein mRNA Protein mRNA Protein
1 M 58 + + + + n.a. + n.a. + + + . .
2 F 68 + + + + + + + + — - + —
3 M 6l + n.a.? + n.a. + n.a. + n.a. — n.a — n.a
4 M 66 n.a. + + + + + + + + + +
5 F 71 + + + + + + n.a. + n.a + + .
6 F 52 + + n.a. + + + n.a. + - — —
7 F 75 + + + + + + + + . - .
8 F 61 + + + + + + + + + - + —
9 M 54 + n.a. n.a. n.a. + n.a. + n.a. + n.a. — n.a.
10 F 66 + n.a. n.a. + n.a. + n.a. + n.a. + n.a.

Protein expression was regarded positive if at least 20% of the tumor cells were immunoreactive.

? n.anot analyzed due to lack of tissue.

endothelial cells in each of these tumors (Fig. 1b). Further-
more, activated microglial cells in the infiltration zone of
the tumors were CXCL12-positive (data not shown).

CXCRS5 protein was strongly expressed in the tumor
cells in all cases analyzed (7/7; Fig. 1c) and, correspond-
ingly, mRNA was detectable in all ten PCNSL investigated.

CXCL13 mRNA was transcribed in 7 of 7 cases avail-
able for PCR analysis. In all PCNSL investigated CXCL13
protein was detected by immunohistochemistry in both
tumor cells and vascular endothelia (Fig. 1d).

CCRS5 mRNA was detected in 6 out of 9 PCNSL sam-
ples (Fig. 2). In three PCNSL, tumor cells were immuno-
histochemically positive for CCRS protein (cases no. 1, 4,
5; Fig. 1e). In two PCNSL (cases no. 6, 8), within the con-
fines of light microscopy, CCR5-positive tumor cells were
not detected, while reactive astrocytes, activated microg-
lial cells, and small, mature lymphocytes within the associ-
ated reactive infiltrates were CCRS-positive (Fig. 1f),
thereby most likely accounting for the presence of CCRS
mRNA. Two PCNSL lacked CCR5 mRNA and protein
expression.

CCR6 mRNA was present in 5 out of 10 PCNSL. How-
ever, only one of these tumors demonstrated immunoposi-
tivity for CCR6 protein in the tumor cells (case no. 4,
Fig. 1g), while tumor cells were negative in 6 of 7 cases
investigated (<1%). Again, in three PCNSL (cases no. 2, 5,
8), CCR6 immunoreactivity was attributed to reactive
astrocytes, activated microglial cells, and small, mature
lymphocytes (Fig. 1h).

Discussion

This study demonstrates a cell type-associated expression
pattern of a subset of chemokines and their receptors
involved in B lymphocyte homing in PCNSL. The malig-
nant B cells consistently expressed CXCR4 and its ligand
CXCLI12 as well as CXCRS5 and its ligand CXCL13. Vas-
cular endothelial cells, reactive astrocytes, microglial cells
and T cells in PCNSL also showed distinct expression
profiles of the investigated chemokines and their receptors.
While cerebral vascular endothelial cells expressed CXCL12
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Fig. 1 Immunohistochemical expression of chemokines and their
receptors in PCNSL. While the vast majority of tumor cells show a
cytoplasmic expression of CXCR4 (a), CXCL12 is expressed in tumor
cells as well as in vascular endothelial cells (b). Expression pattern of
CXCRS5 (¢) and CXCRI13 (d) (PCNSL # 1). Note expression of
CXCRS in tumor cells (¢) and expression of CXCL13 in both tumor
cells (d) and vascular endothelial cells (insert d). Tumor cells exhibit
a strong nuclear as well as cytoplasmic expression of CCRS in PCNSL
# 1 (e), while they are CCR5-negative in PCNSL # 6 (f). mRNA tran-
scription in PCNSL # 6 (Table 3) is attributed to CCR5-expressing
reactive astrocytes and small mature lymphocytes (insert f). Prominent
nuclear and cytoplasmic expression of CCR6 by the tumor cells in
PCNSL # 4 (g). In contrast, tumor cells in PCNSL # 8 are CCR6-neg-
ative (h). The detection of mRNA in PCNSL # 8 (Table 3) is explained
by the CCR6-positive reactive astrocytes and small mature lympho-
cytes partially surrounding the reactive astrocytes and characterized by
smaller, basophilic nuclei in the absence of mitoses as compared to the
large nuclei of the pleomorphic blasts with prominent nucleoli (insert
h). All sections are counterstained with hemalum. Original magnifica-
tion, x400 (a-h)

and CXCLI13, astrocytes, and microglial cells expressed
CXCL12, CCRS5, and CCR6. CCR5 and CCR6 were also
produced by T lymphocytes. In contrast, CCRS and CCR6
were only exceptionally expressed by malignant B cells.
Our data on this chemokine pattern confirm and extend
recent studies [14, 30, 31]. The expression of CXCL13 on
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vascular endothelial cells suggests a chemokine-mediated
regulation of B cell homing to the CNS and their spread
within the brain. However, it is still unknown whether B
cells in PCNSL enter the brain already as malignant B cells,
which are eliminated by the immune system in the periph-
ery, or as non-transformed cells that possibly invade during
a (viral) infection and subsequently undergo malignant
transformation in the CNS, a scenario reminiscent of gastric
MALT lymphoma. In addition, CXCR5/CXCL13 mediated
reactions play an important role in infiltration, resistance to
apoptosis, and proliferation of B cells in acute and chronic
leukemia [4], effects which may also be operative in
PCNSL, as PCNSL diffusely infiltrate the brain paren-
chyma and express genes of the NF-xkB family indicating
an activation of the NF-xB pathway, which may contribute
to the high proliferative activity and the low level of apop-
tosis [6]. In PCNSL, CXCL12 was prominently upregu-
lated on cerebral vascular endothelial cells as compared to
the normal brain [17], which suggests that an increased
expression facilitates lymphocyte crossing of the blood—
brain barrier. Furthermore, in addition to their regulation of
leukocyte homing, chemokines exert prominent effects on
immune responses. CXCL12 stimulates the production of
tumor necrosis factor, interleukin-1, and CCL5/RANTES
in astrocytes and microglial cells [12], thus enabling these
resident brain cell populations to interact with CCRS5-
expressing T cells, astrocytes, and microglial cells, respec-
tively. These interactions may influence the composition of
the inflammatory infiltrate as well as the magnitude and
nature of the intracerebral immune response. In fact, reac-
tive astrocytes have been described to influence the interac-
tion with microglial cells and T cells via CXCL10 in
secondary progressive multiple sclerosis [35] and murine
Toxoplasma encephalitis [32]. In addition, the tumor cells
may also have an impact on the phenotypic composition of
the inflammatory infiltrates by their chemokine pattern with
expression of CXCR4, CXCL12, CXCRS, CXCL13, and,
rarely, of CCRS, and CCR6. A similar scenario has been
reported for Hodgkin’s disease, in which tumor cell-derived
eotaxin accounts for the conspicuous recruitment of eosin-
ophils [15]. However, it is still unknown whether the
immune reaction in PCNSL is directed against an antigen
expressed by the malignant B cells, a resident CNS antigen
or an infectious agent, possibly a virus, which may stimu-
late and perpetuate proliferation of the tumor cells. In fact,
the observation of ongoing somatic hypermutation in
PCNSL [21, 37] raises the question how a germinal center
reaction, which requires the presence of B cells, antigen,
antigen presenting cells as well as T cells, may occur in the
microenvironment of the CNS. Thus, it is tempting to spec-
ulate that interactions between T cells, resident brain cell
populations, and tumor cells may contribute to such an
extranodal somatic hypermutation.
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Fig. 2 CCRS mRNA transcription in PCNSL. CCRS mRNA is tran-
scribed in PCNSL #1 (lane 3) and PCNSL #4 (lane 6), while the 450 bp
product is not detectable in PCNSL #2 (lane 4) and PCNSL #3 (lane
5). Lane 1 shows the 100 base pair (bp) marker. As negative controls,

In conclusion, the distinct expression pattern of chemo-
kines and their cellular sources as identified in our study
may indicate a complex interaction between tumor cells,
resident brain cells, and T cells in PCNSL, which likely
contributes to the pathogenesis of these tumors and their
typical histological appearance.
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