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Abstract
Lymphoid chemokines, including CCL19, CCL21 and CXCL13, are critical in the development
and organization of secondary lymphoid tissues and in the generation of adaptive immune
responses. These molecules have also been implicated in the development of ectopic lymphoid
structures in the setting of chronic inflammation. Here we review current knowledge on the
production of lymphoid chemokines in the central nervous system during both homeostatic
conditions and in disease states. Accumulating evidence suggests that constitutive expression of
CCL19 plays a critical immunosurveillance role in healthy individuals. In contrast, aberrant
induction of CCL19, CCL21 and CXCL13 may support the establishment of chronic
autoimmunity and hematopoetic tumors within the CNS.
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1. Introduction
The lymphoid chemokines, CCL19, CCL21 and CXCL13, constitute a subclass of
chemoattractant molecules originally identified based on their roles in the development and
maintenance of secondary lymphoid tissues. These chemokines are constitutively expressed
in lymph nodes, spleen and Peyer's patches. They regulate the homing of lymphocytes and
myeloid cells to spatially segregated compartments within secondary lymphoid tissues,
thereby facilitating cognate antigen-specific interactions and the generation of adaptive
immune responses (Yoshie et al., 1997; Zlotnik et al., 1999; Mantovani, 1999).

CCL19 and CCL21 are produced by stromal cells in the T cell zones of lymph nodes and
spleen. CCL21 is also expressed in high endothelial venules (HEVs) and lymphatic vessels
(Cyster et al., 1999). Both of these chemokines bind to CCR7, which is expressed on the
surface of naive T cells and mature dendritic cells (DC). CCL21 also binds CXCR3 with
lower affinity. CXCL13 is produced by follicular DC within B cell follicles and binds to the
receptor, CXCR5. It drives the migration of B cells and CD4+ helper T cells (follicular Th
cells) to B cell rich areas (Förster et al., 1996; Legler et al., 1998; Ansel et al., 2000; Moser
et al., 2002; Müller et al., 2003). Hence, CCL19 and CCL21 expedite antigen-specific CD4+
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T cell immunity, while CXCL13 is critical for normal germinal center formation as well as
for efficient immunoglobulin cross-switching and affinity maturation (Junt et al. 2005).

In addition to their role in the development and maintenance of secondary lymphoid tissues,
CCL19, CCL21 and CXCL13 can be induced in non-lymphoid tissues during chronic
inflammation. In this setting they have been implicated in the process of lymphoid
neogenesis – the organization of infiltrating immune cells and stromal elements into
structured aggregates that recapitulate many of the features of secondary lymphoid tissues
(Hjelmstrom et al., 2001). When formed in response to persistent infection, these ectopic
lymphoid structures have been shown to contain the spread of microbes (Halle et al., 2009;
Moyron-Quiroz et al., 2004). However, lymphoid neogenesis also has the potential to
aggravate autoimmune inflammation via the recruitment and activation of autoantigen-
specific T and B lymphocytes within the target organ (Aloisi and Pujol-Borrell, 2006).
Ectopic lymphoid follicles have been found in the salivary glands in Sjogren's syndrome
(Salomonsson et al., 2002), the synovium in rheumatoid arthritis (Takemura et al., 2001)
and the thyroid gland in Hashimoto's thyroiditis (Hjelmstrom et al., 2001).

Here, we will review the literature concerning the production of lymphoid chemokines in the
central nervous system (CNS), both during homeostasis and in disease states. In certain
circumstances, CNS lymphoid chemokines act to the benefit of the host. For example, there
is growing evidence that constitutive expression of CCL19 and CCL21 in cerebrovascular
endothelium and the choroid plexus plays a critical role in immune surveillance of the
subarachnoid and perivascular spaces of healthy individuals. In addition, induction of
lymphoid chemokines in CNS tissues might participate in the clearance of local infections,
such as neuroborreliosis and Toxoplasmosis gondii. Conversely, aberrant production of
CCL19, CCL21 and CXCL13 may support the establishment of hematopoetic tumors or
chronic autoimmunity in the brain and spinal cord.

2. CCR7-CCL19 interactions in immune surveillance of the CNS
Low numbers of T cells are consistently found in normal human and rat brains and
cerebrospinal fluid (CSF)( Booss et al., 1983; Wekerle et al, 1987), indicating that the CNS
is continuously patrolled by activated T cells. The importance of such immune surveillance
is suggested by the emergence of opportunistic infections and tumors in the brains and
spinal cords of immunosuppressed individuals (Snider et al., 1983; Schneck and Penn,
1971). Disruption of leukocyte trafficking to the CNS by adhesion molecule blockade in
patients with multiple sclerosis (MS) increases the risk of progressive multifocal
leukoencephalopathy, a demyelinating disease mediated by the JC virus (Langer-Gould et
al., 2005). Furthermore, primary CNS lymphoma occurs in the context of AIDS as well as
global immunosuppressive treatments to prevent transplant rejection (Snider et al., 1983;
Schneck and Penn, 1971). Still, relatively little is known about the chemokines that regulate
leukocyte migration to the uninflamed CNS.

Lymphocyte trafficking through the intact blood brain barrier (BBB) is tightly controlled by
specialized cerebrovascular endothelial cells and astrocytic processes. The presence of the
BBB and the absence of lymphatic vessels has led some to view the CNS as an
immunologically privileged site. However, adoptive transfer studies have shown that
activated T cells access the CNS as readily as other tissues (Hickey et al., 1991; Wekerle et
al., 1987). In addition to traversing the cerebrovascular endothelium, leukocytes could
bypass the BBB by entering the subarachnoid space via the meningeal veins or the choroid
plexus (Krumbholz et al., 2007; Kivisakk et al., 2004). Accumulating evidence indicates
that these are the primary routes by which lymphocytes survey the CNS during homeostasis
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and that CCL19/ CCR7 interactions regulate this process (Axtell et al., 2009; Kivisaak et al.,
2003).

More than 80% of cells in the CSF of healthy individuals are central memory T (TCM) cells
that express high levels of CCR7, CD27, CD45RO and L-selectin (Giunti et al., 2003;
Kivisakk et al., 2003; Kivisakk et al., 2004). The presence of L-selectin and CCR7 suggests
these cells are not terminally committed effector T cells (TEFF) but instead retain the ability
to recirculate to secondary lymphoid organs. CCL19 has been detected in the CSF of healthy
humans (Krumbholz et al., 2007; Pashenkov et al., 2003). Furthermore, CCL21 is
constitutively expressed in the choroid plexus (Kivisakk et al., 2004). Taken together, these
data support the hypothesis that TCM enter the subarachnoid space in response to CCL19/
CCL21 gradients to carry out routine surveillance. If a patrolling TCM encounters its cognate
antigen presented by a resident antigen presenting cell, it will downregulate CCR7 and
CD27 and upregulate CCR5 and CXCR3, evolving to an effector phenotype (TEFF) with the
ability to traverse the glia limitans and infiltrate the parenchyma (Giunti et al., 2003;
Kivisakk et al., 2003). In support of this model, TEFF accumulate in active demyelinating
lesions but are sparse in the CSF of healthy individuals and MS patients (Giunti et al., 2003;
Kivisakk et al., 2004; Hintzen et al., 1995).

3. Lymphoid chemokines in non-inflammatory neurological disease
A. CCL21/CXCR3 interactions in cerebrovascular ischemia and glutamate mediated
excitotoxicity

As will be discussed below, induction of lymphoid chemokines in the CNS is most
prominently associated with inflammatory processes, such as autoimmune demyelinating
disease and Lyme neuroborreliosis. However, non-inflammatory insults can also trigger
their expression by CNS resident cells. Hence, CCL21 mRNA is rapidly and persistently
upregulated in coritcal neurons in response to ischemic injury (Biber et al., 2001).
Consistent with these findings, CCL21 is expressed in cultured neurons, but not in astrocytes
or microglia, that have been subjected to various treatments known to induce cell death.
Moreover, the isoform of CCL21 expressed by neurons in the ischemic CNS or in culture is
identical to that expressed by stromal cells in the T cell rich areas of the spleen and lymph
nodes (Vassileva et al., 1999; Rappert et al., 2002). The related chemokine, CCL19, which
shows a similar expression pattern to CCL21 in peripheral lymphoid organs, is not induced
in response to ischemic insult (Biber et al., 2001).

The main target of the neuronal derived CCL21 appears to be CXCR3 expressing glial cells.
CCR7, the principal receptor for CCL19 and CCL21 (Yoshida et al., 1997; Yoshida et al.,
1998), is not present on cultured glia or neurons, or in ischemic brain tissue (Biber et al.,
2001). Given the lack of CCR7 on infiltrating leukocytes, it is unlikely that CCL21
upregulation mediates their recruitment from the circulation to the ischemic brain. In
contrast, CXCR3, which also binds CCL21 (Soto et al., 1998), is expressed on both cultured
microglia as well as in ischemic brain tissue (Biber et al., 2001). CCL21 exerts direct
biological effects on microglia via a CXCR3 dependent pathway. Hence, Kettenmann and
colleagues reported that CCL21 triggers a chloride current and chemotaxis in cultured
murine microglia (Rappert et al., 2002). Microglia from CXCR3-deficient, but not CCR7-
deficient, mice were unresponsive to CCL21. Furthermore, CCL19, which binds CCR7 but
not CXCR3, had no effect on the microglia.

Glutamate mediated excitotoxicity is an important mechanism that underlies neuronal death
in stroke (Castillo et al., 1996). It was recently demonstrated that cultured cortical neurons
and hippocampal neurons in organotypic slices release CCL21 following exposure to high
concentrations of glutamate (de Jong et al., 2005). These investigators found that CCL21 is
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stored in secretory granules that are transported along neuronal processes to presynaptic
structures. Furthermore, microglia migrate towards supernatants from glutamate-treated
neuronal cultures. Interestingly, microglia cultured from CXCR3-deficient mice can still
migrate towards these supernatants, albeit less effectively, indicating the presence of as yet
unidentified factors released by the neurons that act as chemoattractants for microglia (de
Jong et al., 2005). Collectively, these data indicate that production and release of CCL21 by
neurons is a stereotypic response to excitotoxic insults and provides a bridge between
neuronal stress and microglial activation and chemotaxis. Furthermore, axonal transport of
CCL21 in secretory granules suggests a mechanism for the activation of microglia remote
from the primary lesion, a phenomenon that has been observed in both stroke and traumatic
brain and spinal cord injury (Williams, et al. 2007).

B. Lymphoid chemokines in hematopoetic tumors of the CNS
A growing body of data suggests that local production of lymphoid chemokines plays an
important role in the establishment and/or maintenance of hematopoietic tumors within the
CNS. The specific chemokine(s) involved depend on the cell of origin of the neoplasm.
Hence, CCL19 was recently implicated in CNS infiltration by T cell acute lymphoblastic
leukemia (T-ALL), while CXCL13 has been associated with the development of diffuse
large B cell lymphomas in the CNS (Buonamici et al., 2009; Smith et al., 2003; Tun et al.,
2008).

It has long been observed that T-ALL tends to relapse in the CNS. However, the factors
controlling T-ALL cell migration across the BBB remain poorly understood. Recently,
leptomeningeal invasion by leukemic cells was shown to be CCR7-dependent in two animal
models of T-ALL (Buonamici et al., 2009). Here, CCR7 expression is driven by the T-ALL
oncogene, Notch-1. Similarly, CCR7 is expressed in the 80% or more of the human T-ALL
tumors that carry Notch 1 activating mutations. CCL19 was detected in endothelial cells of
brain venules in the vicinity of the infiltrating cancer cells. Deficiency of either CCR7 or
CCL19 prevented the recruitment of cancer cells to the CNS. Notably, CCR7 expression did
not correlate with neoplastic infiltration of non-CNS tissues, and CCR7 expression was not
required for CNS involvement in mouse models of B cell ALL (Buonamici et al., 2009).

Primary CNS lymphoma (PCNSL) is a diffuse large B cell lymphoma that is confined to the
CNS. In several studies, development of this rare tumor has been associated with ectopic
expression of CXCL13 in the brain. Smith and colleagues found that CXCL13 was
expressed in all 24 PCNSL specimens, but none of the healthy brain biopsy specimens they
examined (Smith et al., 2003). Immunohistochemical staining localized the chemokine to
the leukemic cells themselves as well as to the cerebrovascular endothelium. However, in
situ hybridization pinpointed the leukemic cells as the primary source. Tumor cells stained
positively for CXCR5, the primary receptor for CXCL13. In a complementary study,
CXCL13 was found to be elevated in the CSF of patients with PCNSL compared to patients
with other CNS malignancies or with systemic lymphomas without CNS involvement
(Fischer et al., 2009). CSF CXCL13 levels fell in a small number of patients who responded
to chemotherapy. Finally, microarray analyses identified CXCL13 and regulator of G-
protein signaling 13 (RGS13), a modulator of CXCR5 signaling, as molecules upregulated
in PCNSL in comparison to non-CNS diffuse B cell lymphoma (Tun et al., 2008). The
question of whether CXCL13 alters the survival or spread of the neoplastic B cells, or
represents an epiphenomenon, remains unanswered.

4. Lymphoid chemokines in infections of the CNS
Lyme neuroborreliosis (NB) is a CNS infection caused by the spirochete Borrelia
burgdoferi (B. burgdoferi). It can manifest as a basilar meningitis with cranial neuropathies,
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radiculitis, transverse myelitis, or encephalitis causing focal white matter lesions (Ruppercht
et al., 2008). Myeloid cells are a major source of CNS CXCL13 in animal models of NB.
CXCL13 has been localized to microglia and infiltrating macrophages/ DC in brain and
spinal cord sections of rhesus macaques with acute NB (Ramesh et al., 2009; Narayan et al.,
2005). Interestingly, sonicates of B. burgdoferi stimulate human myeloid and plasmacytoid
DC to produce CXCL13 in vitro (Narayan et al., 2005).

Multiple laboratories have found that CXCL13 is significantly elevated in the CSF of
patients with NB compared to other neurological diseases, including Guillane Barre
syndrome and Bell's palsy (Ruppercht et al., 2009; Senel et al., 2009). There is no
correlation between CSF CXCL13 and serum CXCL13 or measures of BBB disruption,
indicating that the chemokine is produced intrathecally. In a recent study, CSF CXCL13
revealed a higher combined sensitivity and specificity for the diagnosis of NB than any other
parameter investigated (Senel et al., 2009). Its level fell in response to antibiotic treatment
faster than the other parameters. In a separate study, B cell chemotaxis towards CSF from
patients with acute NB was reduced over 50% when the samples were preincubated with an
anti-CXCL13 neutralizing antibody (Ruppercht et al., 2009). This suggests that CXCL13
may be involved in the recruitment of B cells to the subarachnoid space of B. burgdoferi
infected patients.

CCL19 and CCL21 have clearly been demonstrated to play a protective role in an animal
model of another CNS infection. Hence, transcripts encoding both chemokines rise
significantly in the CNS following infection of mice with the protozoan parasite,
Toxoplasmosis gondii (Noor et al., 2010). CCR7-deficient mice succumb to disease early in
association with increased parasite burden in the brain. Their increased susceptibility may be
due to impaired priming of effector T cells in the periphery as well as to a reduction in
leukocyte trafficking to the brain, since serum IFNγ levels are reduced in the infected knock-
out mice.

5. CCL19/CCL21 expression in neuroinflammation associated with
autoimmune demyelination

CCL19 and CCL21 have been detected in inflamed CNS venules and in perivascular cuffs in
EAE lesions, both by in situ hybridization and immunohistochemistry (Alt et al., 2002;
Columba-Cabezas et al., 2003). Several groups have reported that CCL19, CCL21 and
CCR7 levels rise in the spinal cord in association with clinical relapses and chronic
progression of EAE (Bagaeva et al., 2006; Columba-Cabezas et al., 2003; Dijkstra et al.,
2006). In parallel, CCR7+ cells accumulate within inflammatory cuffs and meningeal
infiltrates (Alt et al., 2002; Columba-Cabezas et al., 2003). Encephalitogenic lymphoblasts
express CCR7 and CXCR3 proteins on the cell surface, migrate towards CCL19 and CCL21
in vitro, and specifically bind to exposed cerebral vessels in frozen sections of EAE brains in
a CCR7/ CXCR3 dependent manner. CCR7 is also upregulated on activated microglia in
white matter adjacent to active EAE lesions (Dijkstra et al., 2006), and cultured microglia
upregulate CCR7 and migrate towards CCL21 following treatment with the TLR4 agonist,
LPS (Dijkstra et al., 2004). By extension, proinflammatory factors might induce CCR7
expression by microglia in vivo.

Similar observations have been made in MS specimens. Hence, CCL19 transcripts are
elevated in both active and inactive lesions (Krumbholz et al. 2007), and CCL19
concentrations are elevated in the CSF from MS patients compared to controls (Pashenkov
et al., 2003 Krumbholz et al., 2007; Giunti et al., 2003). CCL21 expression has also been
described in the choroid plexus of MS specimens (Kivisakk et al., 2004; Krumbholz et al.,
2007). CSF CCL19 levels correlate with intrathecal IgG production, suggesting that CCL19
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may play a role in the maintenance or expansion of B cells in the MS brain (Krumbholz et
al., 2007; Pashenkov et al., 2003). Interestingly, lymphocytes infiltrating MS lesions do not
express CCR7, although microglia and infiltrating DC do (Kivisakk et al., 2004; Serafini et
al., 2006). This may be secondary to downregulation of the receptor following the migration
of lymphocytes across the BBB. In support of this theory, CCR7 is consistently found on
CD4+ memory T cells in the CSF of healthy individuals and of patients with MS, prior to
their conversion to effector cells. CCR7 is also expressed by a subset of DC in the CSF of
MS patients (Krumbholz et al., 2007; Kivisakk et al., 2004).

While the above findings support a role for CCL19 and/ or CCL21 in lymphocyte
recruitment and microglial activation/ chemotaxis during autoimmune demyelinating
disease, a cause-and-effect relationship has not been established. In fact, transgenic
expression of CCL21 or CCL19 in oligodendrocytes did not result in lymphocyte
recruitment or lymphoid neogenesis in white matter (Chen et al., 2002). However,
transgenic expression of CCL21 did cause a severe neuropathological condition,
characterized by neutrophil and eosinophil infiltration, hypomyelination, spongiform
myelinopathy, myelin breakdown and reactive astrogliosis. These mice died within the first
four weeks of life (Chen et al., 2002). One explanation for this unexpected phenotype is that
CCL21 constitutively produced by oligodendrocytes does not simulate the biological
functions of the chemokine induced in endothelial cells during neuroinflammation.
Pathological changes were not observed in the CNS of CCL19 transgenic mice, suggesting a
role for CXCR3, rather than CCR7, in mediating the effects of oligodendrocyte derived
CCL21.

6. CXCL13 in autoimmune demyelination
CXCL13 is not expressed in the healthy CNS. However, we and others have found that it is
upregulated in the spinal cord of mice with EAE (Bagaeva et al., 2006; Magliozzi et al.,
2004). This observation was consistent across several different mouse strains, autoantigens
and methods of disease induction. CXCL13 is first detectable in the CNS at the onset of the
initial clinical episode. Its levels rise during subsequent relapses and during chronic
progression. We showed that both CXCL13 deficiency and CXCL13 neutralization reduce
the severity of the early clinical course (Bagaeva et al., 2006). The role of CXCL13 at this
stage of disease does not seem to be recruitment of leukocytes to the CNS, since the
frequency of infiltrating CXCR5+ leukocytes did not differ between myelin immunized
CXCL13 deficient and wildtype mice. Our studies indicated that infiltrating myeloid DC are
at least one source of CXCL13 in the inflamed CNS. This observation lead us to postulate
that CXCL13 induces the migration of encephalitogenic T cells towards DC in the CNS,
thereby increasing the frequency of their cognate interaction within the target organ.
Myeloid DC have been described as highly efficient antigen presenting cells in the CNS
during EAE (McMahon et al., 2005).

Later in the disease course, CXCL13 might assume the alternative role of initiating
lymphoid neogenesis. CXCL13-expressing lymphoid follices were detected in the meninges
of Biozzi mice during the chronic progressive stage of EAE (Magliozzi et al., 2004). These
follicles contained B cells and a network of CXCL13+ and FDC-M1+ follicular DC.
Blockade of LTα1β2 (LTβ, which is expressed on B cells and subsets of encephalitogenic T
cells) suppressed clinical EAE and prevented the induction of CXCL13 as well as the
formation of organized ectopic lymphoid follicles in the CNS of myelin-immunized mice
(Columba-Cabezas et al., 2006). These observations suggest that, analogous to the
regulation of CXCL13 in secondary lymphoid tissues, engagement of LTβ receptor on
stromal cells by LTβ on lymphocytes, induces CXCL13 expression in the CNS.
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Similar observations have been made in MS. Hence, LT and CXCL13 are upregulated in the
CSF of MS patients compared to healthy controls or patients with non-inflammatory
neurological diseases (Corcione et al., 2004; Krumbholz et al., 2006; Sellebjerg et al.,
2009). CSF CXCL13 expression correlated with other indices of inflammation, including the
presence of B cells, plasmablasts, and T cells and intrathecal immunoglobulin synthesis
(Krumbholz et al., 2006; Sellebjerg et al., 2009). The CXCL13 receptor, CXCR5, was
expressed on all CSF B cells and approximately 20% of CSF T cells (Krumbholz et al.,
2006). Furthermore, serum CXCL13 fluctuated in association with radiological disease
activity (Festa et al., 2009). Conversely, CXCL13 levels and CSF B cell counts fell after
treatment of MS patients with natalizumab or methylprednislone (Sellebjerg et al., 2009;
Stüve et al., 2006; Krumbholz et al., 2008). If the above studies are reproduced in additional
cohorts of patients, CSF and/ or serum CXCL13 might become useful as a biomarker of MS
disease activity.

In complementary studies, CXCL13 was detected in active, but not inactive, MS lesions
(Corcione et al., 2004; Krumbholz et al., 2006; Sellebjerg et al., 2009). CXCL13 expression
localized to infiltrating immune cells, particularly macrophages, both in the perivascular
cuffs and within the parenchyma. Similar to the findings in Biozzi mice with chronic EAE,
lymphoid follicles were discovered in the meninges of 40% of brain autopsy specimens from
individuals with secondary progressive MS (Serafini et al., 2004; Magliozzi et al., 2007).
These follicles contained a well developed network of proliferating B cells, plasma cells, T
cells and CXCL13-expressing follicular DC in close association with inflamed meningeal
blood vessels. Future studies will be required to determine whether the immunoglobulins
produced in the meningeal follicles (or less structured B cell aggregates during earlier
phases of MS) are the main source of oligoclonal bands in the CSF, a frequent finding in
MS.

In every instance, ectopic follicles were located deep within the sulci, adjacent to underlying
cortical plaques. Extensive subpial demyelination, pronounced microglial activation and
neurite loss and an increased number of active lesions were present within the cortical areas
adjacent to ectopic B-cell follicles (Magliozzi et al., 2007). This finding supports the view
that ectopic follicles have a direct role in cortical injury, possibly as a source of diffusible
factors such as autoantibodies, proinflammatory cytokines and/or proteolytic enzymes that
cause neuronal injury either directly or via microglial activation (Magliozzi et al., 2007).

8. Conclusions
Evidence is accumulating that lymphoid chemokines play pleiotrophic roles when expressed
in the CNS. During homeostasis, CCL19 and CCL21 may facilitate immune surveillance of
the subarachnoid space via recruitment of central memory T cells. Conversely, ectopic
expression of these chemokines by CNS resident cells may trigger microglial activation and/
or the recruitment and organization of infiltrating leukocytes in response to specific danger
signals. These chemokines are induced de novo (CXCL13) or above baseline levels (CCL19
and CCL21) in response to certain CNS infections and neoplasms, as well as in the setting of
autoimmune inflammation. In addition to regulating leukocyte entry across the BBB, they
have been associated with the development of ectopic lymphoid structures in the meninges
during chronic EAE and secondary progressive MS. Data from animal models suggest that
CNS lymphoid chemokines play a beneficial role in homeostatic immune surveillance and
clearance of immune infections. Conversely, aberrant expression of these molecules appears
to be detrimental with regard to the development of hematopoetic tumors and autoimmune
demyelination within the CNS. A causal relationship between CNS lymphoid chemokines
and pathological and clinical outcomes remains to be established in human disease.
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Nonetheless, the current data suggests that CXCL13, CCL19 and CCL21 will ultimately be
useful as biomarkers and/ or therapeutic targets.
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Figure 1. The role of lymphoid chemokines in CNS homeostatic and pathogenic states
CCL19 and CCL21 are constitutively expressed in cerebrovascular endothelium and the
choroid plexus. The majority of cells in the CSF are TCM cells that express CCR7 and may
play a role in immunosurveillance of the subarachnoid and perivascular spaces, including in
the clearance of local infections, A. Conversely, aberrant production of CCL19, CCL21 and
CXCL13 may support CNS infiltration by leukemic T and B cells and the establishment of
hematopoetic tumors (inset) in the brain and spinal cord, B. CXCL13 is not expressed in the
healthy CNS but is upregulated during autoimmune inflammation where it may have a role
in the cognate interaction of encephalitogenic T cells and DC, while later in disease
CXCL13 has been associated with the development of ectopic lymphoid structures (inset) in
the meninges, C.
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