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Dendritic cells (DC) are the professional antigen presenting cells (APC)
that bridge the innate and adaptive immune system. Previously, in a
CD11c/EYFP transgenic mouse developed to study DC functions, we
anatomically mapped and phenotypically characterized a discrete
population of EYFP� cells within the microglia that we termed brain
dendritic cells (bDC). In this study, we advanced our knowledge of the
function of these cells in the CD11c/EYFP transgenic mouse and its
chimeras, using acute stimuli of stereotaxically inoculated IFN� or IL-4
into the CNS. The administration of IFN� increased the number of
EYFP�bDC but did not recruit peripheral DC into the CNS. IFN�, but not
IL-4, upregulated the expression levels of major histocompatibility
class II (MHC-II). In addition, IFN�-activated EYFP�bDC induced
antigen-specific naïve CD4 T cells to proliferate and secrete Th1/Th17
cytokines. Activated bDC were also able to stimulate naïve CD8 T cells.
Collectively, these data reveal the Th1 cytokine IFN�, but not the Th2
cytokine IL4, induces bDC to up-regulate MHC-II and become compe-
tent APC.

Dendritic cells (DC), the professional antigen presenting cells
(APC) of the immune system, can process antigens and traffic

to lymphoid organs to activate antigen-specific naïve T cells, thereby
bridging innate and adaptive immunity (1). Differentiated DC
typically express CD11c and have moderate to high surface levels
of major histocompatibility class II (MHC-II), which can be further
elevated upon activation (2). In unchallenged animals,
CD11c�MHC-II� cells are undetectable by immunocytochemistry
in the brain parenchyma, but have been noted in the perivascular
spaces, meninges, and choroid plexus (3).

Recently, using a CD11c/EYFP transgenic mouse developed to
study DC function (4), we identified, in the steady state, a unique
population of EYFP�, CD11b�, MHC-IIneg ramified cells in var-
ious regions of the developing and adult brain parenchyma that we
termed brain dendritic cells (bDC) (5). Although localized to
discrete anatomical brain regions, these bDC share a remarkable
morphologic and phenotypic similarity with microglia (MG) (5),
raising the possibility that these cells might be derived from this
highly heterogeneous population (6). In fact, the phenotype of
resting MG, characterized by low levels of CD45, MHC, and
co-stimulatory molecules (7), has led some authors to suggest that
among the microglia there may be CD11b� DC precursors (8, 9).
These studies, limited to in vitro cell cultures from developing
brains, have shown that activated microglia can re-stimulate pre-
viously activated T cells (10–12), a function common to many
activated macrophages. However, the ability of adult brain MG to
stimulate naive CD4 T cells, a function of DC, has yet to be
established.

Interferons (IFN) type I and II are critical mediators of innate
and adaptive immune responses and are involved in the develop-
ment/differentiation of mouse DC, particularly the conventional
CD11b� subsets (13). IFN type II, also known as IFN-gamma
(IFN�), originates primarily from functionally mature CD4 T-
helper–1 (Th1) T cells and is part of the cascade of cytokines and
events culminating in a robust adaptive immune response. IFN� is

particularly effective as an inducer of MHC proteins, which are
essential components of adaptive immunity.

Within the central nervous system (CNS), IFN� can induce
MHC class I (MHC-I) and MHC-II expression in some parenchy-
mal cells (14–17), most notably in MG (10, 11, 18). IFN� receptors
have also been detected on resting adult MG (10). Moreover, IFN�,
as well as interleukin-4 (IL-4), has been reported to induce CD11c
and MHC-II expression in primary MG cultures (19), suggesting
that IFN� is capable of stimulating some MG to adopt a DC
phenotype.

Although it is well established that the expression of MHC can
be upregulated both experimentally and pathologically in the CNS,
the capacity of different cell types to express MHC proteins and
become effective APCs is still controversial (20). Chronic inflam-
matory conditions such as neurodegenerative disorders (21, 22),
experimental autoimmune encephalitis (EAE) (23), infection (8),
and even chronic cytokine infusions (24), are reported to produce
a significant increase of bone marrow–derived (peripheral) DC in
the brain. Typically, these DC express high levels of CD45, an
accepted marker for brain-infiltrating leukocytes. However, the
contribution of a brain-resident APC has not been identified in
these disease states because of insufficient markers for their pres-
ence. In the present study, we used intracerebral injection of the
Th1 cytokine (IFN�) in the CD11c/EYFP transgenic mouse, and
herein provide in vivo evidence that a brain-resident EYFP� APC
can be induced from a subpopulation of MG. Furthermore, the
EYFP�bDC were significantly more potent activators of naïve CD4
T cells than the EYFP negative MG (EYFPnegMG).

Results
IFN� Induces a Large Increase of CD11c/EYFP� Cells in the Brain. To
analyze the effects of a single cytokine on brain parenchymal MG
and bDC without the confounding effects of systemic inflammation
or activation of the peripheral immune system, recombinant IFN�
was stereotaxically injected (10 ng in 0.5 �l) directly into the CA1
area of the hippocampus, a region where EYFP�bDC are rare at
this age. Twenty-four hours postinoculation of IFN�, a robust
increase of EYFP�bDC was induced in the ipsilateral brain hemi-
sphere extending far beyond the injection site. This increase peaked
at 2 days and declined by day 4 postinjection (Fig. 1A). In the saline
control (Sal), EYFP�cells were only evident juxtaposed to the
puncture wound induced by the needle tract (Fig. 1A). Morpho-
logically, all EYFP�bDC resembled activated microglia (25) (Fig.
1A Inset), and expressed the bDC markers CD11b and Iba1 (5).

Flow-cytometric analysis from whole-brain preparations, exclud-
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ing the meninges and choroid plexus to reduce possible contami-
nation by peripheral DC, showed that IFN� induced a 5-fold
increase (5.8% � 0.7% vs. 30.5% � 1.4%) in the number of
EYFP�bDC (3,368 � 394 cells vs. 17,630 � 836 cells) (Fig. 1 B and
C). All EYFP�bDC were CD45�CD11b� (Fig. S1A), indicating
their myeloid origin. Total numbers of CD45� cells in the brain
were unchanged (Fig. S1B). Nonmyeloid leukocytes
(CD45�CD11bnegEYFPneg cells) increased slightly, in part because
of a small increase in CD8� and CD4� T cells, but not to GR1�

granulocytes or B19� B-cells (Fig. S1C), whereas total myeloid cells
(CD45�CD11b�) did not change significantly. However, MG
(CD45�CD11b�EYFPneg) numbers declined after IFN� (Fig.
S1B). Notably, levels of CD45 were almost indistinguishable in MG
and EYFP�bDC (Fig. 1D). These results indicate that the high
numbers of EYFP�bDC induced by IFN� were likely derived from
a resident brain cell population rather than from infiltrating DC. To
test this hypothesis, irradiated bone marrow chimeric animals were
generated and analyzed.

EYFP�bDC Are Radioresistant Cells. MG, which are radioresistant,
populate the brain early in development and remain in the CNS
with little replacement from bone marrow (BM)–derived cells in
the adult (26). Using WT and CD11c/EYFP mouse BM chimeras
(see SI Materials), we determined that, like the MG, bDC are
radioresistant (Fig. S2). After irradiation and reconstitution with
WT BM, EYFP�bDC remained visible in regions where bDC
are normally observed (Fig. S2A and B arrows), co-labeled with
the MG marker Iba1, and displayed a ramified morphology
similar to nonirradiated bDC (Fig. S2A and B Lower). These
results suggest that bDC, like MG, do not require bone marrow
replenishment. In contrast, brains from irradiated WT mice
reconstituted with CD11c/EYFP� BM contained EYFP� cells,
the dendritic morphology of which was similar, but not identical,
to the finer dendritic and smaller cell-body morphology of bDC
in nonirradiated mice (Fig. S2C).

IFN� Drives Resident MG to Differentiate into EYFP�bDC. Having
established that bDC are radioresistant brain-resident cells, we used
chimeric mice to determine whether the IFN�-induced increase in
EYFP�bDC is mediated by an influx of BM-derived peripheral
monocytes/DC or is derived from brain-resident cells. The results
of this study showed that IFN� induced a large increase of
EYFP�bDC in irradiated EYFP� (host) mice restored with WT
BM (Fig. 2A), but not in the irradiated WT (host) mice restored
with EYFP�BM (Fig. 2B). Furthermore, flow-cytometric analysis
of brains from irradiated WT (host) mice restored with EYFP�BM
confirmed the anatomic observations that although peripheral
EYFP�cells enter the brain after irradiation/reconstitution, this
population is not increased after IC IFN� injection (Fig. 2C).
Furthermore, all BM-derived EYFP� donor cells had higher levels
of CD45 compared with MG (Fig. 2D).

These results indicate that EYFP�cells arising from IFN� chal-
lenge come from a resident brain myeloid population. To address
whether EYFP�cell increase was caused by proliferation of
EYFP�bDC progenitor cells or by differentiation/activation of
existing EYFPneg cells, nonirradiated mice were injected intraperi-
toneally (i.p.) with the cell proliferation marker EdU during the
IFN� response and assayed 72 h later. Immunohistochemistry
revealed rare co-labeling of EdU with EYFP�cells (Fig. S3),
indicating that the increase in EYFP�cells could be attributed to the
activation of a subset among the existing microglia.

bDC Demonstrate Migratory Capacity. Trafficking DC and other
leukocytes rely on the expression of the chemokine receptor CCR7
(27). IFN�-activated bDC upregulated CCR7 (Fig. 3A). This com-
pelled us to examine whether activated bDC have migratory
capabilities. Cultured bDC, primed with IFN� for 2 h, were
stereotaxically injected into the corpus callosum or the lateral
ventricle (LV) of WT mice. Seven days later, EYFP� cell location
was assessed in the brain. The bDC injected into the corpus
callosum showed little migratory capacity (Fig. 3B) with no detect-
able EYFP� cells in other brain areas. However, bDC in the lateral

Fig. 1. IFN� induces a large increase in resident bDC.
CD11c/EYFP mice received i.c. injection of IFN� (10 ng in
0.5 �l) in the CA1 region of hippocampus, and brains
were processed for immunohistochemistry or FACS anal-
ysis. (A) Anti-GFP DAB immunohistochemistry brain sec-
tions of time course after IFN� administration (Sal, 96 h).
(Scale bars, 50 �m, Insets). (B) FACS analysis of EYFP� cells
in saline (Sal) and IFN� injected brains (2 days). (C)
Graphed results showing percentage and total EYFP�

cells per brain (n � 2–3 per group) (***, P � 0.001). (D)
FACS analysis of CD45 levels in EYFPnegMG and EYFP�

cells.
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ventricle were found caudal to the injection site, concentrated in the
choroid plexus (Fig. 3B), a region recently shown to be a pivotal
entry site of peripheral T cells into the noninflamed CNS (28).

IFN� Induces MHC-II in bDC. MHC-II protein expression was studied
after intracerebral (i.c.) IFN� inoculation. Although there was no
detectable expression of MHC-II in bDC in untreated brains (Fig.
4 A and C), IFN� induced MHC-II protein expression in
EYFP�bDC and other cells (Fig. 4B and D). Further analysis of the
CD45�CD11b� brain population by flow cytometry revealed that
IFN�-induced MHC-II was predominant in EYFP�bDC (Fig. 4E).
Western blots of sorted MG and bDC from adult IFN�-treated
brains (Fig. 4F), or from primary brain cultures (Fig. 4G), demon-
strated a positive correlation between the level of expression of
EYFP and MHC-II induction (r � 0.94, P � 0.0016). Acute IFN�
challenge did not induce appreciable expression of co-stimulatory
markers CD80, CD86, or CD40.

IL-4 Slightly Increases bDC but Does Not Induce MHC-II. IL-4 is
reported to induce CD11c and MHC-II in cultured microglia (19).

To test the effect of this cytokine in our system, CD11c/EYFP Tg
mice were injected i.c. with IL-4 (10 ng in 0.5 �l). In contrast to
IFN�, induction of EYFP� cells by this dose of IL-4 was restricted
only to the area near the injection site (Fig. 5A). Morphologically,
IL-4–induced EYFP�cells resembled activated MG (Fig. 5A);
however, in sharp contrast to IFN�, i.c. IL-4 did not induce MHC-II
expression in bDC or in MG (Fig. 5B Right). Of note, IL-4 did
induce MHC-II expression in meningeal Iba1�EYFPneg macro-
phages (M�) at the injection site/tract, as well as in choroid plexus
DC and Iba�M� (Fig. 5B Right). Also, IL-4 failed to induce
MHC-II in cultured MG (Fig. 5C).

IFN�-Activated bDC Are Functional Antigen Presenting Cells. Acti-
vated bDC and MG were sorted 2 days after i.c. IFN� injection and
co-cultured with SNARF-1–labeled naive CD4 OT-II T cells in the
presence or absence of the model antigen OVA. Spleen DC derived
from the same animals were used as positive controls. CD4 T-cell
proliferation, assessed at 4 days by SNARF-1 dilution (Fig. 6A),
showed that both IFN�-activated bDC and MG caused antigen-
specific proliferation of CD4 naive T cells at a APC:T-cell ratio of
1:3 (Fig. 6A); however, only the bDC induced elevated levels of
Th1/Th17 cytokines (Fig. 6B). Moreover, when APC:T-cell ratios
were decreased to 1:30 (Fig. 6A), bDC maintained their ability to
induce proliferation of naive T cells, but not cytokine secretion,
whereas MG showed a marked reduction in T-cell proliferation
(Fig. 6A). Spleen DC induced greater T-cell proliferation under all
conditions (Fig. 6A) but did not supersede T-cell cytokine produc-
tion induced by activated bDC at the 1:3 ratio (Fig. 6B).

In addition to activating naive CD4 T cells, sorted bDC and MG
were able to stimulate naive CD8 OT-I T cells in an OVA-antigen–
dependent manner (Fig. S4). Both bDC and MG were similarly
effective in stimulating CD8 T-cell proliferation (Fig. S4). This
response was significantly reduced when either brain cell type was
diluted to a 1:30 ratio (Fig. S4). As expected, spleen DC were more
efficient at inducing CD8 T-cell proliferation than either bDC or
MG at any dilution (Fig. S4).

Discussion
Antigen presenting cells (APC) in the CNS present an important
topic for investigation, given their ability to direct immune
responses. Infiltrating, bone marrow–derived DC contribute to
various CNS chronic inflammatory conditions (8, 23, 24). How-
ever, distinguishing between infiltrating DC versus resident brain
APC, and their respective contributions to disease, is essential
for understanding brain-immune interactions, particularly as
bone marrow–derived DC have a rapid turnover whereas brain

Fig. 2. CD11c/EYFP� cells induced by IFN� are resident
brain cells. WT or CD11c/EYFP recipient mice were le-
thally radiated, donor bone marrow (BM) from CD11c/
EYFPorWTwasadministered i.v., andmicewereallowed
to recuperate for 7 weeks before they received i.c. injec-
tion of 10 ng IFN� in the CA1. After 2 days, brains were
processed for anti-GFP DAB immunohistochemistry or
FACS analysis. (A and B) Photomicrographs of anti-GFP
DAB IHC brain sections of sagittal ipsilateral hemi-
spheres. (C) Quantification of the percentage (within
CD45�CD11b�) and total number of EYFP� cells in WT
recipient mice with EYFP� BM (n � 2 animals per group).
(D) FACS analysis of CD45 levels in BM-derived EYFP�cells
and EYFPnegMG.

Fig. 3. IFN�-activated bDC express CCR7 and migrate to choroid plexus.
(A) CCR7/GFP/Actin Western blots of sorted EYFP�spleen DC, EYFP�bC, and
EYFPnegMG from IFN�-treated brains. (B) Anti-GFP DAB IHC brain sections of WT
brains injected in the corpus callosum (cc) or lateral ventricle (LV) with sorted and
IFN�-primed EYFP�bDC from primary cultures (n � 3 mice per group). CP, choroid
plexus; CTX, cortex. Lower are magnifications of boxed area above.
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resident cells can be long lived. Supporting the existence of a
brain-resident professional APC, we recently identified a pop-
ulation of CD11c/EYFP�, CD11b� brain cells that we termed
brain dendritic cells (bDC) (5). However, in the resting state,
bDC may not be functional APC, as they do not express MHC-II.
Aloisi et al. showed that APC properties can be induced in

resting microglia via signals from preactivated T cells (29). Our
current study shows that the Th1 cytokine IFN� induced
EYFP�bDC from a subpopulation of MG. Defining specific
markers for IFN�-stimulated bDC, such as CCR7 and MHC-II,
will facilitate their study in murine models that do not depend
on CD11c/EYFP reporters.

Using mouse chimeras, we showed that IFN�-activated bDC
were of brain origin and not recruited from the bone marrow. Our
results are supported by the findings that a 6-day brain infusion with
IFN� does not recruit peripheral DC, whereas GM-CSF causes a
large infiltration of peripheral leukocytes and DC (24). Also
consistent with our findings, Mausberg et al. report that IFN� has
its major impact on CD45int MG, and has minor effects on other
CD45high leukocytes (24). In migration experiments, bDC were
nonmotile in the corpus callosum but showed motility in the lateral
ventricle. This could be caused by the large difference in space/
fluidity between the two sites. It was unexpected, however, that
EYFP�bDC injected into ventricular cerebrospinal fluid (CSF)
accumulated in the choroid plexus, given that CSF produced at this
site flows away from this tissue. It can be speculated that bDC
moved along the ventricle lining, possibly following a chemotactic
gradient as recently demonstrated for T cells (28). Most striking is
that bDC accumulated in this tissue, where encephalitogenic T cells
enter the brain (28).

In addition to inducing EYFP�bDC, IFN� drove these cells into
a competent, MHC-II�, antigen-presenting state capable of acti-
vating naive CD4 T cells. IFN�-mediated upregulation of CCR7
and MHC-II was restricted primarily to EYFP�bDC, suggesting
that these cells may represent the subpopulation of MG that express
MHC-II in response to IFN� in vivo described by Phillips et al. (18).
Although previous studies show that IFN�-treated MG do not
induce naive T-cell proliferation and do not efficiently stimulate
memory T cells (11, 12), by selecting the IFN�-activated bDC
population, we showed that this subpopulation was capable of
stimulating naive CD4 T cells in an antigen-dependent fashion. It
will be important in future studies to address whether bDC are
effective APC in vivo and in the setting of nontransgenic T cells.

It was striking that bDC were the only APC capable of inducing
IL-17 secretion in T-cell co-cultures. Th17 T cells are implicated in
neuroinflammation, particularly in multiple sclerosis and experi-
mental autoimmune encephalitis (EAE). In fact during EAE, T-cell

Fig. 4. IFN� induces MHC-II preferentially in activated
bDC. CD11c/EYFP mice received i.c. injection of 10 ng
IFN� in the CA1, and 2 days later brains were processed
for IHC or FACS analysis. MHC-II immunofluorescence
in the hippocampus of (A) saline (Sal) and (B) IFN�-
treated brains. (C and D) FACS analysis of MHC-II� cells
within the EYFP� population. (E) Total number of
MHC-II� cells in EYFPnegMG and EYFP�bDC. (F) MHC-II/
GFP/Actin Western blots of sorted EYFP�splenic DC,
EYFP�bDC, and EYFPnegMG from IFN�-treated brains.
(G) Densitometry of MHC-II Western blot of sorted
EYFP�bDC and EYFPnegMG from primary cultures stim-
ulated for 3 days � 10 ng/ml IFN�. Graphs represent the
means � SEM (n � 3 mice or wells per group) (***, P �
0.001, **, P � 0.01, *, P � 0.05).

Fig. 5. IL-4 induces a small increase of bDC. CD11c/EYFP mice received i.c.
injection of 10 ng IL-4 in the CA1 region of hippocampus, and brains were
processed for immunohistochemistry. (A) Photomicrographs (�4–20) of anti-GFP
DAB IHC coronal and sagittal section showing extent of EYFP� cell distribution
and morphology from injection site 2 days after IL-4 challenge. (B) MHC-II immu-
nofluorescence brain sections (Upper, saline; Lower, IL-4) showing parenchymal
bDC (Left) vs. choroid plexus DC (Right). (Scale bar, 50 �m.) (C) MHC-II/Actin
Western blot of primary MG stimulated for 3 days with 10 ng/ml IFN� or IL-4.

Gottfried-Blackmore et al. PNAS � December 8, 2009 � vol. 106 � no. 49 � 20921

N
EU

RO
SC

IE
N

CE



infiltration and inflammation in the brain parenchyma only occurs
when Th17 cells outnumber Th1 cells (30), and IFN� signaling in
the CNS is required for parenchymal inflammation (31). These
findings are consistent with our results, and suggest that bDC are
potential therapeutic targets for inflammation. EYFPnegMG ex-
pressed significantly less MHC class II and were not as efficient
APC as bDC. Interestingly, both IFN�-activated bDC and MG
stimulated naive CD8 T cells, although only at a high APC:T-cell
ratio, as previously reported for MG (32).

Our choice of using IFN� and IL-4 was based on literature
showing that invading leukocytes are the main source of these
important immune cytokines in the brain (33, 34). IFN� has been
shown by others to exert functional effects on resident MG and to
alter the course of immune responses. In fact, leukocyte-derived
IFN� can regulate MG chemokine release patterns in the course of
bacterial meningitis or EAE (35, 36). However, it is still unclear
whether IFN� initiates a detrimental or neuroprotective effect on
the brain. For example, during the induction phase of EAE,
T-cell–derived IFN� interacts with CNS cells to suppress inflam-
mation and pathogenesis (31). Likewise, IFN� prevents neuronal
death after CD8 T-cell responses in the brain (37). Specifically,
small amounts IFN� induce MG to preserve neural tissue, whereas
high doses render them neurotoxic (38). Here we show that a single
exposure to low-dose IFN� had a profound effect on brain MG by
inducing a subpopulation to become bDC and functional APC. On
the other hand, the Th2 cytokine, IL-4 had a very limited effect on
inducing CD11c/EYFP expression and did not stimulate detectable
levels of MHC-II in either bDC or MG.

One significant question raised by EAE research is the identity
of the brain APC that re-stimulates the first/early encephalitogenic
T cells that lead to disease pathology (28, 39). Our data strongly
suggest that activated bDC may be a candidate for the resident,
parenchymal APC required for encephalitogenic T-cell reactiva-
tion, as IFN�-activated bDC were capable of inducing antigen-

specific CD4 T cells and producing Th1/Th17 cytokines. Future
studies will address the potential role of antigen presentation in the
normal and pathological brain and will help to guide the develop-
ment of therapies to enhance desirable responses to tumors or
infections (40) or to suppress unwanted autoimmunity.

Methods
Animals. Thetransgenicmouse lineCD11c/EYFP (C57BL6/Jbackground)wasused,
in which EYFP expression is driven by the CD11c gene (4). T cells were obtained
from young OT-I and OT-II (C57BL6/J background) mice purchased from Jackson
Laboratories (for TCR description of these mice, see SI Materials). Animals were
bred in Rockefeller University facilities under 12:12 light:dark cycle with free
access to chow and water. All experimental procedures were approved by the
Rockefeller University Animal Care and Use Committee.

Chimeras. See SI Materials.

Unilateral Stereotaxic Intracerebral Injections. Anesthetized mice were placed in
a stereotaxic frame and, using a 10-�l microsyringe (WPI 500819), cytokines (see
SI Materials) were infused in the CA1 area (Bregma coordinates: rostro-caudal
�2.3; medial-lateral �2.7; dorso-ventral �2.2) over a 2-min period. The needle
was left in place for another 5 min before slow withdrawal (45 s). Inoculated mice
were singly housed with water and food ad libitum.

Immunofluorescence and Immunohistochemistry. Free-floating sections were
rinsed in TBS, blocked in 0.5% bovine serum albumin (BSA) in tris-buffered saline
(TBS) and incubated overnight at 4 °C with primary antibodies (see table SI
Materials) in 0.1% BSA, 0.1% Triton TBS. After washing, sections were incubated
for 1 h at room temperature with secondary fluorescent antibodies (for immu-
nofluorescence) or biotin-labeled antibody (for immunohistochemistry). Biotin-
immune complexes were detected using the ABC and diaminobenzidine (DAB)
peroxidase substrate kit (Vector, Burlingame, CA). A Nikon Optiphot Microscope
or light box with a Coolpix Digital camera was used for light microscopy image
acquisition. Fluorescent images were acquired using an LSM510 confocal Zeiss
Axioplan microscope (Rockefeller University Bioimaging Facility).

EdU Proliferation. See SI Materials.

Fig. 6. IFN�-activated bDC are capable of antigen-
specific CD4 T-cell activation. CD11c/EYFP mice re-
ceived i.c. injection of IFN�. Two days later, EYFP�bDC
and EYFPnegMG were sorted and co-cultured for 4 days
with naive OT-II T cells at a ratio of 1:3 and 1:30. (A) Dot
plots gated on Singlets/Live/CD3�CD4�V2�� T cells
showing SNARF-1 dilution (one representative exper-
iment of four). (B) Cytokine expression profiles of OT-II
T-cell cultures. (Graphs are from one representative
experiment of two in triplicate).
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Cell Isolation by Fluorescence-Activated Cell Sorting. Slight variations on re-
ported methods (41) were used to obtain enriched brain mononuclear cells by
fluorescence-activated cell sorting (FACS). In brief, adult mice 2–3 months old
were rapidly decapitated, their brains were extracted, and meninges, blood
vessels and choroid plexus were carefully removed under a dissecting scope on
ice-cold Hank’s balanced salt solution HBSS buffer. Brain cell suspensions, ob-
tained by gentle triturating with frosted-glass slides, were incubated with type
II-S collagenase (600U; Roche), Dispase II (0.5%; Roche), and DNase (450U; Invitro-
gen) for 30 min at 37 °C in 15 ml HBSS with CaMg2�. After digestion, cell
suspensions were gently pipetted with fire-polished Pasteur pipettes, washed,
and subjected to a 70–37% Percoll gradient centrifugation at 1,600 g for 30 min
at 25 °C. Cells were collected from the 37/70 interphase; in addition, many EYFP�

cells were found in the myelin-rich phosphate-buffered saline (PBS)/37 inter-
phase. Enriched cells were washed in 5% FBS-PBS, stained for CD45, CD11b and
DAPI, and sorted in a FACS Aria Flow Cytometer (BD).

FACS Analysis. Percoll gradient enriched cells were rinsed in 5% FCS PBS (FACS
buffer), blocked with anti-FC block for 15min at 4 °C, and then stained with
fluorophore-conjugated primary antibodies (see Table S1) for 15 min at 4 °C.
After washing, cells were acquired using a BD LSR-II FACS analyzer using FACS
Divasoftware.Gatesandcompensationsweresetusing isotypecontrolsandFMO
antibody combinations. Postacquisition data analysis was carried out using
FlowJo software (TreeStar, Ashland, OR).

T-Cell Proliferation Assay. SNARF-1 (42) labeled OT-I or OT-II T cells, obtained
by negative selection using DYNA beads (see SI Materials), were seeded at 105

cells/well in a 96-well, round-bottom plate in R5 media (5% FCS�Penn/Strep
RPMI) supplemented with 0.5 �M �-mercaptoethanol. Sorted EYFP�bDC,
EYFPnegMG, or EYFP�splenic DC (from the same animals) were co-cultured
with the T cells at various ratios and incubated at 37 °C in 5% CO2 for 4 days

with or without 100 �g/ml OVA, or 40 �g/ml TCR peptide as positive control.
Cells were then stained with Live/Dead Fixable Aqua (Molecular Probes,
L34957) and T-cell antibody markers, and proliferation was assessed by
SNARF-1 dilution (42) using an LSR-II FACS analyzer gating on live (Aqua
negative), EYFPneg, CD3�, CD4� (for OT-II), CD8� (for OT-I) and V2�-TCR� cells.
Cytokines were measured in the supernatants from the T-cell cultures using
the BD Th1/Th2/Th17 CBA cytokine kit following the manufacturer’s instruc-
tions (BD 560485).

Primary Microglia/bDC Cultures. See SI Materials.

Western Blotting. See SI Materials.

Statistical Analysis. Statistical analysis was performed using Prism (GraphPad, La
Jolla, CA). Experiments involving two groups were compared using a Student t
test. Experiments involving more than two groups were compared by ANOVA,
followed by Tukey post hoc analysis. Graphs show the mean � standard error of
the mean (SEM). A value of P � 0.05 was considered statistically significant. *, P �

0.05, **, P � 0.01,***, P � 0.0001.
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