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Resting dendritic cells (DCs) induce tolerance of peripheral T cells
that have escaped thymic negative selection and thus contribute
significantly to protection against autoimmunity. We recently
showed that CD4+Foxp3+ regulatory T cells (Tregs) are important
for maintaining the steady-state phenotype of DCs and their toler-
izing capacity in vivo. We now provide evidence that DC activation
in the absence of Tregs is a direct consequence of missing DC–Treg
interactions rather than being secondary to generalized autoim-
munity in Treg-less mice. We show that DCs that lack MHC class II
and thus cannot make cognate interactions with CD4+ T cells are
completely unable to induce peripheral CD8+ T-cell tolerance. Con-
sequently, mice in which interactions between DC and CD4+ T cells
are not possible develop spontaneous and fatal cytotoxic T lym-
phocyte-mediated autoimmunity.

DCs are bone marrow (BM)-derived, short-lived cells that
play a key role in regulating immune responses. They are

located at low frequency in lymphoid and nonlymphoid organs
throughout the body, where they act as sentinels for invading
pathogens. On recognition of pathogen-associated cues, DCs
undergo a series of functional changes termed maturation, which
is characterized by the up-regulation of costimulatory molecules
such as CD80, CD86, and CD70, by the production of cytokines,
such as IL-12, and by the expression of homing receptors, such as
CCR7, that direct DC migration into the T-cell areas of sec-
ondary lymphoid organs. Together these changes allow DCs to
efficiently activate naive T cells.
Over the past decade, it has become clear that steady-state

DCs play an important role in the maintenance of self-tolerance
(1–3) and T-cell responsiveness (4). Because DCs can either
prime or tolerize naive T cells, depending on their activation
status, they are master regulators of adaptive immunity. How the
maturation status of DCs translates into differential effects on
naive T cells involves a variety of costimulatory and coinhibitory
interactions between T cells and DCs. For example, we showed
that tolerance induction depends on PD-1 and CTLA-4 (5),
whereas blockade of CD70, a costimulatory molecule that is up-
regulated on activated DCs, prevents priming of CD8+ T cells
even in the context of an infection (6). Along the same line,
constitutive transgenic expression of CD70 on all DCs prevents
the induction of tolerance and results in priming of a functional
T-cell response by steady-state DCs (7).
DC maturation can be triggered by numerous exogenous and

endogenous stimuli that are usually associated with infection,
inflammation, or damage (8). It is conceivable that minor per-
turbations of the steady state could induce DC maturation, even
when a full-blown immune response would not be required or
would be detrimental. Under such circumstances, regulatory
mechanisms are required to counterbalance the activating signals
and keep DCs in a resting state. We recently demonstrated that
these suppressive signals can be provided by Foxp3+ CD25+

CD4+ regulatory T cells (Tregs) (9). Foxp3+ CD25+ CD4+ Tregs
are important mediators of immune homeostasis and peripheral
tolerance, and the absence of Tregs results in fatal autoimmune

disease in mice and humans (10–14). Tregs may control self-re-
active T-cell responses by direct interaction with conventional T
cells or, alternatively, may act onDCs (15). Evidence for the latter
comes from experiments in which depletion of Tregs results in
Flt3-dependent increases in the number of DCs as well as in DC
activation (9, 11, 16).
When we combined the DIETER model of peripheral toler-

ance induction by steady-state DCs and the DEREG model of
conditional ablation of Tregs, we found that depletion of Tregs
not only resulted in DC activation, but also impaired induction
of tolerance by DCs (9). Whether DC activation and impaired
tolerance induction after depletion of Tregs are a direct result of
the loss of Treg control over the DC or a consequence of sys-
temic autoimmunity after Treg depletion is unclear, however.
To address this question, we generated mixed BM chimeric

mice in which half of the antigen-presenting cells (APCs) were
negative for MHC class II and thus could not have cognate in-
teraction with regulatory T cells. We found that the release of
steady-state DCs from CD4+ T-cell control resulted in DC acti-
vation, completely abolished induction of peripheral CD8+ T-cell
tolerance, and resulted in spontaneous fatal CTL autoimmunity.

Results
Induction of Peripheral Tolerance by DCs Is Impaired in the Absence
of CD4+ T Cells. Injection of DIETER mice with tamoxifen leads
to expression and presentation of transgene-encoded CTL epit-
opes by DCs, which results in the induction of robust peripheral
T-cell tolerance (3), which is severely compromised in the ab-
sence of Tregs (9). Rudensky et al. (11) showed that autoim-
munity as well as the expansion of DCs that occurs after
depletion of Tregs depend on autoreactive CD4+ T cells. Thus,
we tested whether the impaired tolerance induction by steady-
state DCs after Treg depletion in DIETER mice was secondary
to CD4+ T-cell–dependent autoimmunity. We compared toler-
ance induction by steady-state DCs in DIETER mice depleted of
CD4+ T cells and undepleted DIETER mice. As expected, we
found no substantial expansion of transgene-specific CD8+ T
cells in DIETER mice 8 d after tamoxifen injection (Fig. 1A) (3).
In contrast, we observed massive expansion of lymphocytic
choriomeningitis virus (LCMV) GP33–41 CD8+ T cells in CD4+

T-cell–depleted mice, which lack both regulatory and conven-
tional CD4+ T cells (Fig. 1A). To test whether the CD8+ T cells
primed by steady-state DCs in the absence of CD4+ cells were
functional effector CTLs, we challenged the mice with 200 pfu of
the LCMV strain WE and determined virus titers in the spleen
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5 d later. We found significantly reduced virus titers in CD4-
depleted mice (Fig. 1B), indicating that antigen presentation by
steady-state DCs in the absence of CD4+ T cells results in
priming of functional effector CTLs. Interestingly, CTL priming
by steady-state DCs after depletion of all CD4+ T cells was
considerably stronger than observed after depletion of FoxP3+

cells using DEREG transgenic mice that express a diptheria
toxin receptor in FoxP3+ cells (9). This raised the question of
whether other suppressive CD4+ T cells besides FoxP3+ Tregs
might be involved in maintaining the tolerogenic state of steady-
state DCs.
Given that the CD4-depleting antibody is much more efficient

in depleting FoxP3+ cells compared with depletion in the
DEREG model, in which 10% of FoxP3+ cells remain after
diphtheria toxin treatment (14), we made use of FoxP3.
LuciDTR-5 transgenic mice, which allow depletion of >95% of
FoxP3+ cells (17). We found comparable CTL priming after
efficient depletion of FoxP3+ cells and CD4 depletion, indicating
that FoxP3+ Tregs are the critical suppressive CD4+ T-cell
population that maintain steady-state DC in a tolerogenic state
(Fig. S1).
Comparing the expression of activation markers on DCs iso-

lated from spleen and lymph nodes in untreated and CD4-de-
pleted mice showed significant up-regulation of CD80, CD86,
and CD40 cells in the latter (Fig. S2). This phenotype was similar
to the activation observed in mice depleted of FoxP3+ cells only
(9). However, in line with the observations of Kim et al. (11) in
SMARTA × Rag−/− mice, which do not develop Tregs but lack
self-reactive T cells, we found no increase in the number of DCs in
CD4-depleted mice (Fig S2). Thus, DC activation and compro-
mised tolerance induction stem directly from the lack of CD4+

T-cell–mediated suppression, whereas the increased numbers of
DCs seen after Treg depletion, but not after CD4 depletion,
appears to be a consequence of the activation of autoreactive
CD4+ T cells in the absence of Tregs.
Because the transgene in DIETER mice encodes for both the

CTL epitopes and the immunodominant I-Ab restricted LCMV
CD4+ T-cell epitope GP61-81, it seems conceivable that CD4+

T-cell suppression of DCs in our model was specifically directed
against this transgene-encoded determinant. However, induction
of antigen presentation in DIETER mice by tamoxifen injection
did not induce proliferation of LCMV GP61-81–specific
SMARTA TCR transgenic CD4+ T cells (Fig. S3), indicating
that the transgene-encoded fusion protein does not enter the
MHC class II presentation pathway. Thus, the suppressive CD4+

T cells required for CD8+ T-cell tolerance induction are pre-
sumably specific for MHC class II-restricted self-peptides.

DCs Require Cognate Interactions with CD4+ T Cells to Induce CD8+

T-Cell Tolerance. To establish whether the crucial role of CD4+ T
cells in peripheral tolerance induction involves cognate inter-
actions between DCs and suppressive CD4+ T cells, we created
a model situation in which the DCs that express the antigen of
interest lack MHC class II and thus are unable to form cognate
interactions with CD4+ T cells. We bred DIETER mice to I-Ab

α-chain–deficient animals, which are devoid of MHC class II
expression (II−/−DIETER). We then generated mixed BM chi-
meric mice by reconstituting lethally irradiated C57BL/6 mice
with equal numbers of II−/−DIETER and of C57BL/6(CD45.1)
BM cells. Control mice were reconstituted with equal numbers of
MHC class II-proficient DIETER and of C57BL/6(CD45.1) BM
cells. To verify equal reconstitution in the DC compartment, we
analyzed CD45.1/CD45.2 ratios in various cell populations iso-
lated from blood, spleen, and lymph nodes of mice at 6 wk after
BM transplantation. We found that although B cells were de-
rived mainly from WT BM, T cells and DCs were equally derived
from WT and MHC class II-deficient BM. Tamoxifen injection
of mixed chimeric mice resulted in massive expansion of GP33-
41-specific CD8+ T cells when the GP33-41–presenting DCs
(DIETER DCs) lacked expression of MHC class II (Fig. 2A) and
the size of the response was comparable to that seen in CD4-
depleted DIETER mice (Fig. 1A). Again, the expanded CD8+ T
cells were functional effector CTLs, providing protection against
an LCMV challenge infection (Fig. 2B). Thus, DCs that cannot
form cognate MHC class II/TCR interactions with CD4+ T cells
fail to tolerize naïve CD8+ T cells, but instead prime functional
effector CTLs.
To exclude the possibility that impaired peripheral tolerance

induction in II−/−DIETER mixed BM chimeras was due to a
defect in the Treg compartment, we compared the frequency of
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Fig. 1. Steady-state DCs induce priming of functional CTLs instead of tol-
erance after CD4 depletion. DIETER mice were injected i.v. with 0.5 mg of
GK1.5 (closed symbols) or isotype control (open symbols) on day −1. On day
0, antigen presentation was induced by injection of 2 mg of tamoxifen i.p.
(A) On day 8, expansion of GP33-41 specific CTLs was detected in the blood
by staining with MHC class I tetramers. (B) On day 8, mice were challenged
with 200 pfu of LCMV-WE i.v., and virus titers in the spleen were determined
on day 13. n = 7 per group. Results are representative of four independent
experiments.
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Fig. 2. Antigen presentation on MHC class II-deficient DCs results in func-
tional CTL priming instead of tolerance induction. Mixed irradiation BM
chimeric mice that had been reconstituted with equal numbers of MHC-II−/−

DIETER + WT (CD45.1) (closed bars) or equal numbers of DIETER + WT
(CD45.1) (open bars) BM cells were i.p. injected with 2 mg of tamoxifen on
day 0 to induce antigen presentation on DCs. As controls, DIETER + WT
mixed chimeric mice were depleted of CD4+ T cells on day −1. (A) On day 8,
expansion of GP33-41–specific CTLs was detected in the blood by staining
with MHC class I tetramers. (B) On day 8, mice were challenged with 200
pfu of LCMV-WE i.v., and virus titers in the spleen were measured on day 13.
**P < 0.01. n = 4 per group. Results are representative of four independent
experiments.
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FoxP3+ Tregs in different lymphoid compartments of these
chimeras and found no differences (Fig. 3). Moreover, CD25+

CD4+ regulatory T cells isolated from chimeras lacking MHC
class II expression on half of their APCs demonstrated normal
suppressive function in vitro and in vivo. They were as effective
as Treg cells isolated from WT mice in suppressing proliferation
of T cells in vitro (Fig. S4). When cotransferred together with
Treg-depleted CD4+ T cells into RAG1-deficient mice, they
were fully capable of suppressing the autoimmunity that devel-
ops on transfer of Treg-depleted CD4+ T cells alone (Fig S5)
(17). This indicates that expression of MHC class II on half
of the APCs in mixed BM chimeric mice is sufficient to select
and maintain normal numbers of FoxP3+ Tregs with intact
suppressive capacity.
To further verify that the inability to induce peripheral toler-

ance in MHC-II−/−DIETER + WT chimeric mice is not due to a
defect in suppressive CD4+ T cells or any other systemic defects
in these chimeras, but rather is restricted to the MHC class II-
deficient DCs in cis, we generated mixed BM chimeric mice in
the reverse way, such that the DIETER DCs that present GP33-
41 are MHC class II-proficient and thus can establish cognate
interactions with CD4+ T cells and the WT DCs are MHC class
II-deficient. Tamoxifen injection did not result in expansion of
GP33-41–specific CTLs (Fig. 4), in sharp contrast to the mice in
which the DIETER DCs are MHC class II-deficient. These data
clearly demonstrate that in chimeric mice that lack MHC class II
expression on half of their APCs, only DCs that lack MHC class
II cannot induce peripheral CD8+ T-cell tolerance, whereas
MHC class II-expressing DC can do so. This finding indicates
that the inability of MHC class II-deficient DCs to induce pe-
ripheral CD8+ T-cell tolerance is caused not by a defect in the
Treg compartment, but presumably by the inability of suppres-
sive CD4+ T cells to interact with steady-state DCs that present
antigens to CD8+ T cells.
Flow cytometric analysis of MHC class II-deficient and MHC

class II-proficient DCs from lymph nodes and spleen of MHC
class II−/− + WT chimeric mice revealed greater expression of
costimulatory molecules in MHC class II-deficient DCs than in
WT DCs (Fig. 5). MHC class II-deficient DCs from the spleen
expressed more CD80, CD40, CD70, and B7H1 cells than WT
DCs. Activation of MHC class II-negative DCs was less obvious
on lymph node DCs, where only CD80 was significantly up-
regulated. Unexpectedly, CD86 expression was reduced on
MHC class II-deficient DCs in both spleen and lymph nodes;
however, we have no explanation for this finding, and no data on
the implications.

DCs That Cannot Interact with CD4+ T Cells Induce CTL-Mediated
Autoimmunity. We noticed that mixed BM chimeric mice that
received BM from MHC class II-deficient animals exhibited

progressive deterioration in their general condition beginning at
4–6 wk after BM transplantation. Mice that had received 50%
MHC class II-deficient BM exhibited moderate weight loss, with
some animals showing additional disease symptoms, including
hunched posture, scaly skin, and lack of flight; in contrast, none
of the chimeras that had received only WT BM showed any
disease symptoms (Fig. 6 A–C). To identify the cell type causing
the disease in MHC class II−/− + WT mixed chimeras, we used
monoclonal antibodies to deplete these mice of CD4+ or CD8+

T cells starting at 3 wk after transplantation. Depletion of CD8+

T cells completely prevented disease, suggesting that auto-
reactive CD8+ T cells are crucial (Fig. 6 A–C). In stark contrast,
depletion of CD4+ T cells severely exacerbated disease (Fig. 6
A–C); all CD4+ T-cell–depleted mice exhibited multiple disease
symptoms by 6 wk after transplantation and had to be killed by
10 wk after reconstitution. Histological examination of the ani-
mals revealed mononuclear infiltrates in the pancreas and liver
of MHC class II−/− + WT mixed chimeras (Fig. 6D). No infil-
trates were found in CD8-depleted chimeras, whereas CD4-de-
pleted chimeras exhibited large infiltrates in the liver and almost
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Fig. 3. Normal numbers of FoxP3+ CD4+ regulatory T cells in mice lacking
MHC class II expression on half their APCs. Frequencies of FoxP3+ CD4+ T cells
among all lymphocytes in WT + WT (Upper) and MHC class II−/−/WT (Lower)
mixed BM chimeric mice were determined by flow cytometry at 7 wk after
reconstitution. Data are mean (SEM). n = 5.
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by staining with MHC class I tetramers. n = 5 per group. Results are repre-
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complete destruction of the exocrine pancreas (Fig. 6D). Occa-
sionally some focal infiltrates were found in the colon of CD4+-
depleted chimeras, but no infiltrates were found in lung, skin,
stomach, small intestine, or kidney. The severe liver and pan-
creas pathology in MHC class II + WT chimeras after CD4
depletion was also manifested by elevated serum transaminase
levels and decreased serum levels of pancreatic amylase and li-
pase (Fig. S6). Consistent with CD8+ T-cell–mediated autoim-
munity, we found a high percentage of activated (CD44high,
CD62Llow) CD8+T cells in the lymph nodes draining the inflamed
pancreas, as well as in a peripheral lymph node unrelated to an
evidently affected organ (Fig. S7).
To establish whether the CD8+ T-cell autoimmunity in MHC

II−/− + WT mixed chimeras is induced by MHC class II-deficient
DCs, we bred MHC II−/− mice to CD11cDTR mice (18), which
allow selective depletion of DC by diphtheria toxin, and generated
MHC II−/−CD11cDTR + WT mixed BM chimeras. Depletion of
the MHC class II-deficient DCs prevented the development of
autoimmune disease (Fig. S8), demonstrating that CTL autoim-
munity is indeed driven by DCs that cannot form cognate inter-
actions with suppressive CD4+ T cells.
We previously reported that the inhibitory receptors PD-1

and CTLA-4 are required for tolerization of CD8+ T cells by
steady-state DCs (5). Blockage of CTLA-4 in MHC II−/− + WT
mixed chimeras by a monoclonal antibody produced a significant
aggravation of autoimmune disease (Fig. 7). Moreover, recon-
stitution of irradiated mice with a mixture of MHC II−/− and PD-
1−/− BM, so that half of the T cells were deficient for PD-1,
resulted in significantly more severe autoimmune disease as
assessed by mononuclear infiltration of the exocrine pancreas
(Fig. 7). Thus, the critical roles of PD-1 and CTLA-4 for

peripheral tolerance induction by steady-state DC are reflected
by their requirement for suppression of autoimmune disease in
MHC II−/− + WT mixed chimeras.
Taken together, our data demonstrate that cognate inter-

actions between steady-state DCs and CD4+ T cells are crucial
to maintain peripheral CD8+ T-cell tolerance and prevent CTL-
mediated autoimmunity.

Discussion
Mechanisms of peripheral T-cell tolerance are essential to control
autoreactive T cells that have escaped thymic negative selection.
Dominant mechanisms, involving cells that actively suppress the
activation of self-reactive lymphocytes, as well as recessive or T-
cell intrinsic mechanisms, which act by inactivation or deletion of
self-reactive lymphocytes in the periphery, have been described
previously (15). FoxP3+ CD4+ Tregs are of unique importance
among the dominant mechanisms (15), whereas steady-state DCs
play a central role in the recessive arm of peripheral tolerance
induction (19). There is growing evidence that these two arms not
only act synergistically, but also are highly interdependent.
Steady-state DCs in both the intestinal environment and sec-
ondary lymphoid organs can induce FoxP3+ Tregs (iTregs), and
DCs drive homeostatic proliferation of FoxP3+ Tregs that were
generated in the thymus (nTregs) (16, 20, 21). On the other hand,
Tregs can suppress DC activation (reviewed in ref. 15).
We show here that the tolerogenic function of steady-state

DCs is absolutely dependent on the cognate interaction between
CD4+ Tregs and DCs via MHC class II. Steady-state DCs that
cannot present antigens to Tregs because of a lack of MHC class
II expression induce differentiation of naïve T cells into effector
CTLs instead of tolerance. A comparison of surface phenotypes
of MHC class II-deficient and MHC class II-proficient DCs
isolated from the same animal revealed increased expression
of CD80, CD40 and CD70 on MHC class II-deficient DCs,
suggesting that cognate suppression of DCs is necessary to pre-
vent their spontaneous maturation in response to weak proin-
flammatory or pathogen-associated stimuli that are present even
in the absence of an overt infection (22–24). Along with inhib-
iting DC maturation, cognate DC–Treg interactions might be
important to induce tolerogenic mechanisms in DCs, such as the
up-regulation of indeolamine 2,3-dioxygenase (25) and in-
tracellular cAMP (26). Other suppressive mechanisms of Tregs
that act on T cells directly, such as production of TGF-β or ac-
tivation of latent TGF-β (27–29), generation of pericellular
adenosine (30), or up-regulation of intracellular cAMP (31), may
require simultaneous interaction of Tregs and naïve T cells with
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the same steady-state DCs for tolerance induction. Identification
of the Treg effector mechanisms involved in peripheral tolerance
induction by steady-state DCs is needed to further elucidate the
interdependence of Tregs and DCs. However, the absolute de-
pendence on the cognate interaction between Tregs and DCs for
tolerance induction suggests that Tregs and steady-state DCs
actually represent two sides of the same coin rather than com-
plementary mechanisms of peripheral tolerance.
In the DIETER model for peripheral tolerance induction, the

transgenic T-cell epitopes presented on DCs are all MHC class I-
restricted (3). Thus, the MHC class II-dependent interaction of
Tregs with steady-state DCs that is instrumental for CD8+ T-cell
tolerance induction presumably involves MHC class II-restricted
self-peptides. This is consistent with the notion that nTregs
recognize constitutively expressed peripheral self-antigens (32).
BM chimeric mice in which a part of the APC population does

not express MHC class II develop spontaneous autoimmune
disease. Histological analysis of the diseased mice revealed
massive mononuclear infiltrates in the exocrine pancreas, some
infiltrates in the liver, and occasional infiltrates in the colon. The
preferential infiltration of the exocrine pancreas is in line with
previous studies in mice lacking MHC class II expression on all
cells (33) or only on hematopoietic cells (34), both of which
describe pancreatitis as the most prominent disease manifesta-
tion. Thus, the pancreas appears to be particularly susceptible to
CD8+ T-cell–mediated autoimmunity when peripheral APCs
lack MHC class II expression. Whether tolerance against anti-
gens of the exocrine pancreas is especially dependent on pe-
ripheral mechanisms or whether the pancreas is particularly
sensitive to attack by autoreactive CD8+ T cells remains to be
determined. Some previous studies reported widespread de-
structive colitis in MHC class II-deficient mice (35, 36), which we
did not observe. In the light of a recent study showing that germ-
free mice developed more pancreatitis but less intestinal in-
flammation on depletion of Tregs (37), these different disease
manifestations might be explained by environmental conditions.
CTL-mediated autoimmune disease in BM chimeras lacking

MHC class II on hematopoietic cells has been shown to result
from impaired control of autoreactive CD8+ T cells by FoxP3+

CD4+ Tregs (34). Although these chimeras have normal num-
bers of peripheral FoxP3+ CD4+ Tregs, they cannot be activated
because of the lack of MHC class II in the periphery and thus
lack suppressive function. We circumvented this problem by
generating mixed BM chimeras in which only half of the APCs
lacked MHC class II. We found that peripheral tolerance in-
duction in DIETER mice was perfectly normal in these chimeric
mice if transgenic MHC class I-restricted antigens were ex-
pressed on the MHC class II-expressing DCs, excluding the
possibility that systemic defects, such as impaired Treg function,
are responsible for impaired tolerance. However, massive CTL
priming resulted when the transgenic MHC class I-restricted
antigens were expressed on MHC class II-deficient DCs. These
opposite outcomes of the interaction between naïve CD8+ T
cells and steady-state DCs—tolerance if the DCs are MHC class
II-proficient but priming if the DCs lack MHC class II—are
reflected by the autoimmune disease in the mixed BM chimeras.

Self-antigens that are recognized by the pathogenic T cells in
these mice are presented simultaneously on both MHC class II-
deficient and WT DCs; thus, the pathogenic T cells will have
both activating and tolerizing encounters with DCs, resulting in
a situation of partially suppressed autoimmunity. The animals
have mononuclear infiltrations in the pancreas and liver and mild
weight loss, but usually survive. In this situation, interference
with the tolerizing capacity of the WT DCs by depletion of CD4+

T cells or blockade of PD-1 or CTLA-4 signaling results in severe
aggravation and fatal outcome of the autoimmune disease.
In conclusion, our data demonstrate that cognate interactions

between steady-state DCs and regulatory CD4+ T cells are
crucial to maintain peripheral CD8+ T-cell tolerance and pre-
vent CD8+ T-cell–mediated autoimmunity. Our results suggest
that in the face of DC-activating signals that are omnipresent
even in the absence of overt infection, constant suppression of
DCs by regulatory T cells is required to maintain the DCs’ tol-
erogenic steady state and avert the threat of autoimmunity.

Materials and Methods
Treatment of Mice. Cre recombinase activity resulting in antigen presentation
by steady-state DCs was induced in vivo by injecting DIETER BM recipients i.p.
with 2 mg of tamoxifen, as described previously (3). In some experiments,
CD4+ T cells were depleted 1 d before tamoxifen administration by i.v. in-
jection of 0.5 mg of GK1.5. Priming of endogenous, GP33–41/D

b- specific CD8+

T cells was measured 8 d after tamoxifen injection by tetramer staining. The
effector function of GP33–41/D

b-specific CD8+ T cells was assessed based on
their capacity to protect against an i.v. challenge with 200 plaque-forming
units (pfu) of LCMV-WE. CD8+ or CD4+ T cells were depleted by weekly i.v.
injection of 0.5 mg of YTS169.4 or GK1.5, respectively. CTLA-4 was blocked
by weekly i.v. injection of 0.5 mg of 4F10.

Systemic Analysis of Autoimmune Disease. The body weight of BM chimeric
mice was monitored weekly after reconstitution. Mice were killed when
weight loss exceeded 25%. At 7 wk after reconstitution, the degree of au-
toimmune disease was assessed using a scoring system that sums changes in
five clinical parameters: weight loss, posture, activity, fur texture, and skin
integrity (maximum index value, 10) (38).

Histology. Mice were killed by cervical dislocation, and tissues for histology
were fixed in 4% buffered formalin for at least 24 h. Tissue samples were
embedded in paraffin, sectioned at a thickness of 3 μm, and stained with
H&E. The severity of inflammation was determined by scoring the degree of
the mononuclear infiltration into tissues (0, none; 1, mild; 2, moderate; 3,
moderate and diffuse or severe but focal; 4, severe and diffuse).

Mice, reagents, generation of BM chimeras, DC isolation and phenotyping,
and flow cytometric analysis are described in more detail in SI Materials
and Methods.
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