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Abstract
We have analyzed the localization of dendritic cells (DCs) in non-lesional gray matter (NLGM) in
comparison to non-lesional white matter (NLWM) and acute or chronic active multiple sclerosis
(MS) lesions. Immunohistochemistry was performed on cryostat sections for DCs markers (CD209,
CD205, CD83) and other markers for inflammatory cells (CD68, CD8, CD4, CD3, CCR7, CCR5).
We found cells expressing CD209 and containing myelin basic protein in both perivascular and
parenchymal areas of NLGM. Our findings showing the expression of CD209+ cells in NLGM
parenchymal areas are surprising relative to the previous literature which reported the presence of
CD209+ DCs only in MS plaque perivascular areas. Although less numerous than CD209+ cells,
NLGM cells expressing mature DCs marker CD205 were consistently detected in perivascular cuffs
of most lesions. In double labeling experiments, some but not all of the CD209+ cells also expressed
CD68 and CCR5. We also found CD209+ cells in close contact with CD3+ lymphocytes suggesting
that DCs might contribute to the local activation of pathogenic T cells in the NLGM. Since injury to
the NLGM is one of the key factors associated with disability accumulation, targeting DCs may
represent a possible new therapeutic approach in MS to prevent disease progression.
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INTRODUCTION
Multiple sclerosis (MS) is the prototype for central nervous system (CNS) demyelinating
diseases in humans. MS is considered an autoimmune disease in which myelin and the myelin-
producing oligodendrocytes (OLGs) are the targets of immune attack (Cudrici et al.,
2006;Hauser and Oksenberg, 2006;Steinman, 2001). The essential requirements for initiating
CNS inflammation characteristic of MS are the expression of encephalitogenic antigens,
generation of chemotactic signals in the CNS, expression and up-regulation of adhesion
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molecules on endothelial cells, and activation of antigen-specific CD4+ T cells (Hauser and
Oksenberg, 2006;Steinman, 2001). CD4 T cells are primed in the periphery and then enter the
CNS. In the perivascular space they encounter myelin antigen expressed by local antigen-
presenting cells, microglia, and DCs (Greter et al., 2005;McMahon et al., 2005). The
reactivated CD4 T cells then invade the parenchyma of the CNS and release proinflammatory
cytokines and activate microglia (Heppner et al., 2005). In addition, CD8 cytotoxic T
lymphocytes are associated with axon damages and tend to also be recruited in the CNS
parenchyma in MS (Neumann et al., 2002).

DCs are antigen-presenting cells critical in the initiation of adaptive immunity and triggering
of autoimmunity (Reis e Sousa, 2006). Myeloid-lineage dendritic cells, immune cells
originating in the bone marrow, reside as immature cells in nonlymphoid organs and fluid phase
playing a role in antigen capture (Bailey et al., 2006;Greter et al., 2005). DCs are present in all
tissue including CNS where they reside in the meninges, choroid plexus (Matyszak and Perry,
1996;McMenamin, 1999) and in the cerebrospinal fluid (Pashenkov et al., 2001). In
pathological states DCs can be found in the brain (Fischer and Reichmann, 2001;Kostulas et
al., 2002;Ma-Krupa et al., 2004;Serafini et al., 2000). DCs have been found to be crucial in the
initiation of experimental autoimmune encephalomyelitis (EAE), an animal model for MS
(Greter et al., 2005). In MS, DCs have been shown to infiltrate perivascular cuffs from MS
plaques (Greter et al., 2005;Plumb et al., 2003;Serafini et al., 2006). DCs may both activate T
cells in secondary lymphoid tissue and have a pathological role in re-activating primed T cells,
which have infiltrated the brain tissue, enabling these T cells to damage myelin sheaths or the
axons themselves (Greter et al., 2005). DCs in brain tissue may directly attack OLGs and
neurons by production of nitric oxide or inflammatory cytokines (Reis e Sousa, 2006).

Post-mortem data have shown perivascular infiltration in the NLWM (Allen and McKeown,
1979;Trapp et al., 1998) and in some MS cortical lesions (Peterson et al., 2001) but little is
known on the presence of inflammatory infiltrates in NLGM. Recent MRI data demonstrated
abnormalities in most of NLWM (Filippi et al., 1995) and NLGM (Valsasina et al., 2005). No
systematic studies were performed to localize the DCs in the adjacent normal gray and white
matter or to establish the extent of immature or mature DCs that are retained in these areas. In
this study we analyzed using immunohistochemistry and specific antibodies, the localization
of DCs in NLGM in relationship with that of corresponding MS plaques and NLWM. Our data
showing myelin contained DCs present in both perivascular and parenchymal deposits in all
studied areas in relation with T lymphocytes suggest that MS is a generalized CNS disease.

MATERIALS AND METHODS
Brain Tissue

Frozen brain tissue specimens were obtained at autopsy from seven patients with a definite
diagnosis of MS from the Human Brain and Spinal Fluid Resource Center, Veterans Affairs
West Los Angeles Health Care Center. Active lesions contained abundant infiltrates consisting
of T cells and macrophages with detectable myelin degradation products. Inflammation was
restricted to the lesion margins in chronic active lesions. Regions of NLWM and NLGM that
lacked macroscopic or histological evidence of demyelination were also used. The samples
were derived from patients between the ages of 30 and 62 with a mean of 50. Five healthy
control brain samples were obtained from the Cooperative Human Tissue Network,
Charlottesville, VA.

Antibodies
Mouse anti-human CD209 was from R&D Systems Inc. (Minneapolis, MN), mouse
monoclonal anti-human CD205 was from eBioscience (San Diego, CA) and the mouse anti-
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human CD123 was from Biolegend (San Diego, CA). The rabbit anti-human CD3 antibody
and monoclonal antibody to human macrophages (anti-CD68) were from Dako (Carpanteria,
CA). The monoclonal anti-CD3 and anti-CD4 were from NovoCastra (Newcastle upon Tyne,
U.K.) and rabbit anti-myelin basic protein (MBP) was from Sternberger Monoclonals
(Lutherville, MD). The CCR7 antibody was from R&D Systems and CCR5 antibody was from
Calbiochem (San Diego, CA). The mouse monoclonal anti-CD8 was from Santa Cruz Biotech
(Santa Cruz, CA) and the anti-human CD83 and anti-CD4 were from BD Bioscience (San Jose,
CA). The horseradish peroxidase (HRP)-conjugated rabbit anti-mouse IgG and goat anti-rabbit
IgG were from Jackson ImmunoResearch (West Grove, PA) and the HRP-conjugated goat
anti-mouse antibody was from Santa Cruz Biotech.

Immunohistochemistry
Brain immunohistochemical staining was performed as previously described (Rus et al.,
2005) using monoclonal and polyclonal antibodies listed in Table 1. The air-dried cryostat
sections (4-6μm) were fixed for 10 min in acetone containing 0.3% H2O2 to remove
endogenous peroxidase. Sections were incubated with mouse monoclonal antibodies against
CD209 (clone 120507), or CD205 (clone MG38) diluted 1/50, 2h at room temperature. The
sections were washed 3 times for 3 min with PBS pH 7.4, and then incubated for 1h at room
temperature with rabbit anti-mouse HRP-conjugated IgG or HRP-conjugated goat anti-mouse
antibody. The specific reaction was developed using NovaRED (Vector Labs, Burlingame,
CA). A similar indirect immunoperoxidase technique was used for CD3, CD4, CD8, CD68,
and CD83 staining. For staining of OLG/myelin using mouse monoclonal MAB 328
(Chemicon, Temacula, CA) the cryostat sections incubated overnight at 4°C with the MAB
328 (1:10,000) in 0.1% Tween-PBS as previously described (Niculescu et al., 2004). The
sections were washed several times in PBS, reacted with anti-mouse biotinylated secondary
antibody (1:250) in PBS, and then with avidin-biotin-peroxidase complex (Vector Labs). After
washing, sections were reacted using NovaRED.

Double staining for CD209 with CD68, MBP, CCR5, and CD3
For double staining, cryosections were initially processed for CD209 immunostaining, as
described above, and the reaction developed with NovaRed. Then sections were treated with
0.3% H2O2 to remove peroxidase, in excess, and incubated with the rabbit anti-CD68 diluted
1/50 for 2h at room temperature. Slides were washed several times in PBS, reacted with HRP-
conjugated goat anti- rabbit antibody (Jackson Immunoresearch Labs), and then sections were
reacted with diaminobenzidine (Pierce, Rockford, IL). A similar technique was used for the
double staining of CD209 with MBP, CCR5 or CD3. Double stained cells were quantified by
light microscopy using a 40X objective. Control sections were prepared by immunostaining
without the primary antibody, or using control isotype IgG instead of the primary antibody.

RESULTS
Inflammatory infiltrates in NLGM

We performed immunohistochemical analysis on 20 areas of grossly involved white matter
plaques and areas of grossly uninvolved tissue from seven MS patients and five healthy
controls. The inflammatory reaction was severe in active lesions; however, an inflammatory
infiltrate was also found in NLWM and NLGM (Table 2). The inflammation was diffused and
consisted of mononuclear cells positive for CD68 in perivascular cuffs as well as in
parenchymal areas (Fig. 1A). There was also diffuse infiltration in these regions of CD3+ cells
(Fig. 1B). Most of CD3+ cells were present in perivascular area, but in some cases a mild
parenchymal infiltrate was found. Both CD8 (Fig. 1C) and CD4 positive cells (Fig. 1D) were
found in perivascular areas. The presence of inflammatory infiltrate was associated with
microglial activation, as shown by the increased staining in parenchymal CD68+ cells and the
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formation of clusters of microglial cells (data not shown). These data indicate that inflammatory
infiltrate is not confined to the active MS lesions but is also present to a lesser degree in the
NLWM and NLGM. In control normal brains no CD3, CD4, CD8 or CD68 positive cells were
found. We also examined the expression of CCR5 and CCR7. Serial sections through areas
with positive CD3+ cells revealed positive CCR5 staining on some of the infiltrating cells (Fig.
1E). Some of the CCR5 positive cells have microglial morphology (Fig. 1E insert). CCR7 was
rarely detected on perivascular cells (Fig. 1F) but was routinely detected on PBMC cytospins
as a positive control (data not shown). These inflammatory CCR7- T cells are therefore
activated effector memory T cells (Rus et al., 2005). Instead CCR7 predominantly stained
parenchymal cells with a morphology resembling activated microglia in NLGM and NLWM
(Fig. 1F, insert) as described previously for MS plaques (Kivisakk et al., 2004).

Localization of dendritic cells in NLGM and controls
We tested for the presence of DCs using the same tissue blocks that were previously used to
stain for the presence of inflammatory cells. To identify immature DCs, we used
immunohistochemistry and a monoclonal antibody against CD209 (DC-SIGN), a C-type lectin
receptor (Soilleux et al., 2002). CD209 positive cells were present in all MS brain examined.
We found CD209 staining on cells in both perivascular and parenchymal locations (Fig. 2,
Table 3). Blood vessels surrounded by CD209 positive cells were found in NLGM, NLWM
and MS plaques areas (Fig. 2, Table 3). The parenchymal deposits were rather extensive in
some of the NLGM areas (Fig. 2D). The pattern of staining was often both cytoplasmic and
on the cell surface membrane. No CD209 immunoreactivity was detected on vascular
endothelia. In control brain CD209 positive cells were rarely seen in few perivascular area
(Fig. 2E), choroid plexus (Fig. 2F) and meninges (data not shown).

Further, we investigated if DCs in MS brain also express CD205; CD205 is highly expressed
by mature DCs, belong to the macrophage mannose receptor family of C-type lectin endocytic
receptors and is involved in antigen uptake and processing (Kato et al., 2006). CD205 is also
expressed by CD8+ DCs that are believed to play a role in cross priming (Kato et al., 2006).
We found CD205 positive cells mainly in perivascular cuffs of NLGM, NLWM and MS
plaques (Fig. 3). A smaller number of CD205 positive cells were found in the perivascular
cuffs when compared with CD209 immunoreactivity for the same areas. Rare CD205
immunoreactivity was also detected in the parenchyma of four out of nineteen lesions studied
(Table 3).

The presence of mature DCs in the MS brain was also investigated using an anti-CD83
antibody. CD83 is a costimulatory molecule present on DCs and was used as a marker for
mature DCs on tissue sections (Plumb et al., 2003). We found CD83 positive cells in the
perivascular cuffs of most of NLGM, NLWM and MS plaques areas (Table 3). Not all
perivascular areas in the same plaques expressed CD83. However in sixteen out of twenty
sections examined small numbers of CD83 positive cells were present in some perivascular
cuffs (Fig. 3D). When compared with CD209 staining on the same sections, fewer CD83
positive cells were identified that were localized only in perivascular cuffs. It is important to
mention that CD209 staining was abundant in parenchymal areas whereas no staining for CD83
was found in these areas. CD83 staining was absent in normal control brains.

We also immunostained for CD123, a maker for plasmacytoid DCs. No CD123 positive cells
were detected in MS plaques, NLWM or NLGM (data not shown).

Colocalization of CD209 positive cells with CD68, MBP and CCR5
On serial sections, the pattern of CD209 was found to be comparable to that of CD68 staining.
To further prove that CD209 positive cells express CD68, double staining studies were
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performed. We found that some of the CD209 cells also expressed CD68 suggesting a
monocyte/microglial origin of these cells (Fig. 4A). Because of their role in antigen processing,
we investigated if CD209 positive cells were also involved in myelin uptake in NLGM. Double
staining for CD209 and MBP showed the presence of double positive cells at the edges of
acute, chronic active lesions and NLGM (Fig. 4B). CD209/MBP positive cells were also found
in in perivascular and parenchymal areas. These data suggest that myelin uptake by immature
DCs occurs also in the NLGM of MS brains. CD209 was also found to colocalize with the
chemokine receptor CCR5 (Fig. 4C) suggesting a role for this receptor in DCs recruitment.

Proximity of CD209 with CD3 cells
In many cases neighboring cells with the morphology of lymphocytes were seen to be closely
juxtaposed to CD209 positive cells. We used double staining for CD209 and CD3 to confirm
that these cells situated in close proximity with CD209 cells are T cells. Indeed many of the
cells situated close to CD 209 were CD3 positive (Fig. 4D). Since CD209 is a DC receptor that
binds to ICAM-3 expressed predominantly on naïve T cells, it is possible that these cells in
close contact with DCs represent naïve T cells.

DISCUSSION
In this manuscript we examined the expression DCs and inflammatory infiltrates in NLGM
areas and show, for the first time that immature and mature myeloid DCs are present in NLGM
and NLWM areas. We also found that DCs are present in these areas in association with rather
abundant inflammatory infiltrates. Most of DCs exhibit an immature phenotype known to play
an important role in immune surveillance (Bailey et al., 2006;Reis e Sousa, 2006). Previous
studies have shown the presence of immature DCs in areas of MS plaque with most of these
cells localized in perivascular cuffs (Greter et al., 2005;Plumb et al., 2003;Serafini et al.,
2006). We extended these studies by showing that CD209+ DCs are present both in perivascular
cuffs and in parenchymal areas in all samples studied. We also found that the inflammatory
infiltrates in the NLGM and NLWM are less abundant when compared to the corresponding
MS plaques. The same is true for immature DCs with the exception of some parenchymal areas
in NLGM that were found to contain larger amounts of CD209+ positive cells (Fig. 2D,Table
3). Fewer perivascular DCs expressing CD205 and CD83 makers for the mature cells were
found compared to the CD209+ DCs. Since CD205 is also expressed by CD8+ DCs it is possible
that these perivascular CD205+ cells play a role in CD8+ T cells priming (Kato et al., 2006).

Our data showing the presence of DCs and the inflammatory infiltrates in NLGM is not
surprising in view of the recent brain MRI data using non-conventional MRI techniques such
as the magnetization transfer ratio (MTR) (Agosta et al., 2006). In addition, post-mortem data
have shown perivascular infiltration, myelin thinning and axonal loss in the NLWM (Allen
and McKeown, 1979;Trapp et al., 1998), diffuse demyelination (Kutzelnigg et al., 2005),
axonal transaction (Rus et al., 2005) and apoptotic loss of neurons (Peterson et al., 2001) in
cortical MS lesions. These features, especially irreversible demyelination and neuroaxonal
damage, are likely to be major contributors to the MTR decrease seen in NLGM of MS brains
(Agosta et al., 2006). Moreover it is important to mention that NLGM damage was found to
be one of the key factors associated with disability accumulation (Agosta et al., 2006).

It was suggested that intracerebral DCs are most likely derived from precursors recruited from
circulation and differentiated in CNS or from resting microglia, which acquire DC phenotype
(Platten and Steinman, 2005;Reichmann et al., 2002;Ulvestad et al., 1994). We found that
CD209+ DCs in non-lesional adjacent tissue and MS plaques express CCR5. It is well known
that myeloid DCs from MS patients respond chemotactically to CCR5 ligands, CCL5 and
CCL3, which are expressed in MS lesions (Pashenkov et al., 2002). In addition, astrocytes
were shown to produce chemokines that are able to attract immature DCs but not mature DCs

Cudrici et al. Page 5

Exp Mol Pathol. Author manuscript; available in PMC 2008 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(Ambrosini et al., 2005). Thus, expression of CCR5 may contribute to recruitment of myeloid
DCs to MS brain by stimulating transendothelial migration (Lin et al., 1998;Zozulya et al.,
2007). CCL3 together with matrix metalloproteinases seem to play a critical role in migration
of DCs across the endothelial monolayers (Zozulya et al., 2007). CCL3 could also stimulate
DCs and endothelial cells production of membrane-bound and soluble Flt3 ligand (Solanilla
et al., 2000). Interestingly, inhibition of Flt3 ligand signaling induces apoptosis in human DCs
and targeted inhibition of Flt3 significantly improves the course of experimental autoimmune
encephalomyelitis, an experimental model for MS (Whartenby et al., 2005). In the NLGM we
also found CCR7 and CCR5 expression on microglia. CCR7 expressed by naïve T cells and
DCs is necessary for these cells to enter lymph nodes (Pahuja et al., 2006). Challenge with
innate antigen and protein antigens induces CCR7 expression by microglia in vitro and in vivo
suggesting that microglia develops into a DC like antigen-presenting cell with migratory
potential (Dijkstra et al., 2006;McMahon et al., 2006). Together these data suggest that DCs
may arise from both circulating precursors and glial cells.

Immature DCs from NLGM were found to be in close contact with T cells indicating that these
antigen-presenting cells might contribute to local T cells activation. Similar data showing
interaction between immature DCs with T cells have been reported in MS plaques (Mullen et
al., 2006) in which DCs were found to express co-stimulatory molecule CD86 and to interact
with CD8 cells (Mullen et al., 2006;Serafini et al., 2006). Immature DCs in NLGM were also
found by us to engulf myelin antigens in agreement with their function in antigen processing
and presentation (Reis e Sousa, 2006). Recently, myeloid DCs presenting endogenous myelin
peptides were found to drive the differentiation of CD4+ Th17 cells during EAE (Bailey et al.,
2007). Th17 cells represent a distinct lineage of CD4+ T cells shown to mediate tissue pathology
in autoimmune diseases including EAE (Gutcher and Becher, 2007). Together, these findings
suggest that antigen presenting myeloid DCs play an important role in T cells activation,
proliferation and induction of tissue damage.

Our data support the proposed critical role of myeloid DCs in the initiation and perpetuation
of CNS inflammation (Greter et al., 2005). Furthermore, our findings indicate that
inflammatory events like those in the MS plaques, where DCs mature in the perivascular space
leading to the expansion of T cells, also occur in NLGM and NLWM. Both glatiramer acetate
and interferon β were able to suppress DC function in relapsing remitting MS (Hussien et al.,
2001;Sanna et al., 2006;Schreiner et al., 2004) suggesting that DC-targeted therapies could be
beneficial in autoimmune demyelination. Thus, targeting DCs and DC-T cell interactions
represents a possible new therapeutic approach in MS. Such an early therapeutic intervention
might lead to less injury to the NLGM, one of the key factors associated with MS disability
accumulation.
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Figure 1. Expression of inflammatory infiltrate in NLGM in MS brain
Cryostat sections were stained for CD68, CD3, CD8, CD4, CCR5 and CCR7 by indirect
immunoperoxidase. Perivascular and parenchymal infiltrates were commonly found for CD68
(A). Most of CD3, CD4 and CD8+ cells were present in perivascular area (B-D). CCR5 (E)
was present on infiltrative perivascular cells and also on glial cells (see insert I n E). Rare CCR7
perivascular positive cells were found (F); glial cells also expressed CCR7 (F, insert). A-F,
Bar= 20 μM.
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Figure 2. Expression of CD209 positive dendritic cells in NLGM
Cryostat sections were stained for CD209 by indirect immunoperoxidase. Perivascular CD209
positive DCs were commonly found in MS plaque (A), NLWM (B) and NLGM (C) (arrows).
Parenchymal CD209 deposits were also seen in NLWM (B, insert) and NLGM (D). Rare
perivascular CD209 positive cells were seen in control brains white matter (E) and choroid
plexus (F). No staining was seen when secondary antibodies were used with non-specific or
no primary antibody (G). A-G, Bar= 20 μM. MS plaque= multiple sclerosis plaque, NLGM=
non-lesional gray matter, NLWM= non-lesional white matter.

Cudrici et al. Page 11

Exp Mol Pathol. Author manuscript; available in PMC 2008 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. Expression of CD205 and CD83 positive dendritic cells in NLGM
Cryostat sections were stained for CD205 and CD83 by indirect immunoperoxidase. Fewer
periventricular CD205 (A-C, arrowheads) and CD83 positive DCs (D-arrowheads) were found
in all examined areas when compared with those that were CD209 positive. A-D, Bar= 20
μM; MS plaque= multiple sclerosis plaque, NLGM= non-lesional gray matter, NLWM= non-
lesional white matter.
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Figure 4. Co-localization of dendritic cells with CD68, MBP, CCR5, and CD3 in NLGM
Cryostat sections were stained by double labeling for CD209 and CD68 (A), MBP (B), CCR5
(C), or CD3 (D) as described in the text. Many of CD209 positive DCs (red deposits) also
stained positive for CD68 (dark brown deposits-A), MBP (dark brown deposits-B) or CCR5
(dark brown deposits-C). CD209 positive DCs (red deposits-arrows) were found in close
contact with CD3 cells (dark-brown-arrowheads) (D). A, C, D Bar= 20 μM; B Bar= 10 μM.
MBP=myelin basic protein.
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Table 1
Antibodies used for characterization of DCs and inflammatory infiltrates.

Markers Cellular Specificity Known
Function

Clones Source

CD3-ε T Cells Signaling component of T cell
receptor complex

Poly-
Clonal, rabbit

Santa Cruz Biotechnnology

CD4 Helper/inducer T Cell, monocytes,
macrophages

Transmembrane glycoprotein
receptor for the human
immunodeficiency virus

RPA-T4 BD Pharmingen

CD8-α Cytotoxic T lymphocytes Facilitate antigen recognition
by the TCR and strengthen
avidity TCR-antigen
interaction

D-9 Santa Cruz Biotechnolgy

CD68 Macrophages/
monocytes, microglia, DCs

Phagocytosis of tissue
macrophages and binding of
tissue specific leptin or
selectin for homing of
macrophage subsets

EBM11 DAKO

CCR5 Immature DCs, memory T-cells,
monocytes/macrophages

Receptor for RANTES,
MIP-1α and β, coreceptor for
HIV

Poly-
clonal, rabbit

Calbiochem

CCR7 Naïve and central memory T cells,
mature DCs

Receptor for MIP-3 β 150503 R&D Systems

CD83 Co-stimulatory molecule on DCs,
activated B and T cells

Role in antigen presentation
and/or lymphocyte activation

HB15e BD Pharmingen

CD205 High expression on mature DCs.
Low expression on immature DCs,
leukocytes

Endocytic receptor for
antigens; involved in MHC
class II antigen presentation
leading to T cell activation,

MG38 eBioscience

CD209/
DC-SIGN

High expression on monocytes
derived immature DCs, low
expression on mature DCs

C-type lectin receptor that
binds to ICAM-3 leading to
DC-T cell interaction

120507 R&D Systems

DC-SIGN=dendritic cells specific intercellular adhesion molecule-3 grabbing nonintegrin
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