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Mature immunologically competent dendritic cells are the most
efficient antigen-presenting cells that powerfully activate T cells
and initiate and sustain immune responses. Indeed, dendritic cells
are able to efficiently capture antigens, express high levels of
costimulatory molecules, and produce the combination of cyto-
kines required to create a powerful immune response. They are
also considered to be important in initiating autoimmune disease
by efficiently presenting autoantigens to self-reactive T cells that,
in this case, will mount a pathogenic autoimmune reaction. Trig-
gering T cells is not a simple on–off procedure, as T cell receptor
responds to minor changes in ligand with gradations of T cell
activation and effector functions. These ‘‘misfit’’ peptides have
been called Altered Peptide Ligands, and have been shown to have
important biological significance. Here, we show that fully capable
dendritic cells may present, upon natural antigen processing, a
self-epitope with Altered Peptide Ligands features that can unex-
pectedly induce anergy in a human autoreactive T cell clone. These
results indicate that presentation of a self-epitope by immunolog-
ically competent dendritic cells does not always mean ‘‘danger’’
and show a mechanism involved in the fine balance between
activation and tolerance induction in humans.

Recognition of antigens presented by dendritic cells (DCs) is
perceived as a ‘‘danger’’ by T cells, which therefore mount

a vigorous immune response (1, 2). Indeed, DCs are the most
efficient antigen-presenting cells (APC) able to activate even
naive T cells (3, 4). A first signal, which originates from the
engagement of the T cell receptor (TCR) with the MHC:peptide
complex, is amplified by a so-called costimulatory signal that
originates from the interaction of receptors on T cells such as
CD28 with ligands such as CD80y86 on DCs (5). Together, these
two kinds of signals can promote T cell cycle progression and
IL-2 production. Engagement of the TCR with the MHC:peptide
complex in the absence of a further signal is, by contrast, thought
to lead to a TCR signaling insufficient for IL-2 production and,
therefore, proliferation (6). This state of partial or insufficient
stimulation is generally called ‘‘anergy,’’ and occurs when T cells
recognize peptides presented by ‘‘nonprofessional’’ APC that
lack costimulatory molecules. In this context, anergy is therefore
defined by an impaired IL-2 production and enhanced IL-2
responsiveness (7). According to this model, a self-antigen
presented by DCs should be able to break tolerance in self-
reactive T cells, leading to an autoimmune process, whereas a
self-antigen presented by APC lacking costimulatory ligands
should induce T cell tolerance. However, it is apparent that this
rule is not always followed. Indeed, we have previously shown
that monocytes failed to stimulate human autoreactive T cells,
whereas ‘‘nonprofessional’’ APC (thyroid epithelial cells) suc-
ceeded, by unmasking a ‘‘cryptic’’ epitope of the thyroid perox-
idase (TPO) molecule (8).

This lack of T cell activation was likely because of the
‘‘absence’’ of the first signal, as the peptide recognized by the
self-reactive T cell clone was not presented by monocytes. We
could not, however, exclude that the relative poor ability of
monocytes to activate T cells played a role in this process. We
therefore used fully competent monocyte-derived DCs, which
are known to be powerful APC (3), to test whether these cells

could display the cryptic, highly stimulatory epitope or overcome
the relative weakness of monocytes in T cell activation. As a third
possibility, we had to evaluate whether DCs, upon processing of
the TPO molecule, presented a self-peptide that delivered an
inhibitory (or anergic) signal to T cells.

Materials and Methods
Human T Cells. Human T cell clones specific for different epitopes
of the TPO molecules have been previously described (8, 9).
They were established from the thyroid infiltrate of a Graves’
patient (10). The T cell clones described in this study are
restricted by HLA DQB1*0602yDQA1*0102. They were main-
tained at 1 3 106ywell in RPMI medium 1640 supplemented with
10% human AB serum, 100 unitsyml penicillin, and 50 mgyml
streptomycin (complete medium). Cells were fed at regular
intervals with recombinant human IL-2 (20 ngyml, kindly do-
nated by Hoffman–La Roche) and stimulated every 3 wk with
irradiated (4,500 rad) allogeneic peripheral blood leukocytes
and phytohemagglutinin (PHA).

DC Cultures. Human monocytes from HLA DQB1*0602y
DQA1*0102 donors were purified and cultured for 4–8 days at
a concentration of 1 3 106ywell in complete medium with 50
ngyml granulocyte–monocyte colony-stimulating factor
(PharMingen) and 10 ngyml IL-4 (Sandoz Pharmaceutical),
according to a well established procedure (11, 12). In some cases,
after the soluble antigen TPO was added, DCs were further
matured for 24 h with bacterial lipopolysaccharide (Sigma) at 10
ngyml (13). Cells were washed extensively before use.

Induction of T Cell Anergy. Anergy was induced in T cell clone 37
by using both T:T presentation and a more physiological ap-
proach, by prestimulating the T cells with live professional APC
pulsed with antigens.

Briefly, 106ywell T cells were incubated overnight with me-
dium and peptides at 10 mM concentration in the absence of
professional APC (T:T presentation), or with 105ywell live
HLA-matched DC prepulsed with antigens. The following day,
T cells were washed and rested for up to 7 days. T cells at 104ywell
were then challenged with different doses of peptides presented
by 1 3 103ywell live HLA-matched DC in a standard 72-h
proliferative assay in a round-bottom 96-well microtiter plate.

Establishment of TCR Transfectant. To reconstitute the TCR ex-
pressed by T cell clone 37, we used the surface TCR2/2 murine
T cell hybridoma 58a2b2, which expresses intracellularly all of
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the CD3 subunits but not the TCRA and TCRB chains (14). A
potential problem of reconstituting a human TCR into a murine
T cell might arise from an altered interaction of the human TCR
chains with the mouse CD3 subunits, causing a failure in TCR
signaling. To overcome this problem, cDNA chimeras composed
by the human DNA encoding the extracellular portion of the
TCR and the murine DNA encoding the intracellular portion of
the TCR were made. TCRA and TCRB of T cell clone 37 were
amplified by Anchored-PCR (8). In the obtained sequence, the
sense AV15S1-specific primer introduced EcoRI restriction site
3 bp upstream of the initiation codon for the AV construct,
whereas the sense BV1S1-specific primer introduced EcoRI and
MluI restriction sites 9 bp upstream of the initiation codon. The
antisense primer for the TCRAV introduced SspI restriction site
after the JC junction, without altering the amino acid sequence.
The antisense primer for TCRB introduced a XhoI restriction
site close to the JC junction, without altering the amino acid
sequence. The murine TCRAC and TCRBC were amplified by
using sense primers that introduced a SspI site (59-CCAATAT-
TCAGAACCCAGAACCTGCT-39) and a XhoI site (59-
CCCTCGAGATCTGAGAAATGT-39), respectively. The anti-
sense primers, located on the 39 untranslated regions, introduced
a NotI restriction site for TCRAC (59-GGAGCGGCCGCGT-
GAGGAGGACGGAAC-39) and XbaI restriction site for
TCRBC (59-TTTGGATCCATCTATGGCCAGGG-39). Hu-
man TCRAV-J was ligated with murine TCRAC in pBluescript
II (Stratagene) opened with EcoRI and NotI. Human TCRB-D-J
was ligated with murine TCRBC in pGEM-3Z (Promega)
opened with EcoRI and XbaI. Chimeric TCRA construct was
sequenced and excised from pBS II by EcoRI and NotI and
ligated in the mammalian expression vector pFRCM that confers
resistance to methotrexate. Chimeric TCRB construct was se-
quenced and excised from pGEM-3Z by MluI and XbaI and
ligated in the mammalian expression vector pCMV4 that confers
resistance to G418 (Neo). The murine T cell hybridoma 58a2b2

was previously transfected with the expression vector RSV5T4
containing the human CD4 cDNA and conferring resistance to
mycophenolic acid and called 54a2b2 (15) (gift of O. Acuto,
Institut Pasteur, Paris, France). A total of 1 3 107 cellsyml in PBS
were transfected with about 30 mg of each plasmid DNA in Gene
Pulse cuvettes and electroporated at 250V, 250 mF. After
transfection, TCR expression was assessed by the reappearance
of mouse CD3 (KT3 MoAb; Serotec) on the cell surface.
TCR37.33 was a stable subclone with the high expression of CD3.

T Cell Proliferation Assay. The reactivity of the TPO-specific
human T cells clones was assessed by coculturing 1 3 104 T cells
from each T cell clone with either 3 3 104 glutaraldehyde-fixed
autologous EBV-transformed PBMC or 1 3 103ywell live HLA-
matched human DC as APC. APC were incubated with or
without antigens for 1 h at 37°C before the incubation with the
T cells.

Human purified TPO antigen (gift from B. Rapoport, Cedars-
Sinai Medical Center, Los Angeles, CA) was used in the assay at
0.2 mgyml. Peptides of the human TPO molecule P3 (TPO536-
547 DPLIRGLLARPA), and P4 (TPO537-548 PLIRGLLAR-
PAK, gifts from D. Wraith, University of Bristol, U.K.) were
used at serial dilutions, as described in the Figs. The promiscuous
myelin basic protein (MBP) peptide 13-32 has been used as
irrelevant peptide. All T cell clones were tested at least twice,
and all of the experiments showed similar profile of responsive-
ness. All of the proliferative assays were performed in triplicate
for 72 h in a round-bottom 96-well microtiter plate, and the cells
were pulsed with [3H]thymidine [1 mCi (1 Ci 5 37 GBq)] during
the last 8 h of culture.

Fluorescence-Activated Cell Sorter Staining. Human T cells and
TCR transfectants were collected in ice-cold PBS (supplement-

ed with 1% FCS and 0.05% azide) and stained by using a mAb
against human TCRBV1 (BL37.2-IgG1 rat, donated by F. Ro-
magne, Immunotech, Marseille, France). The counterstain was
a biotinylated goat-anti-rat serum (Southern Biotechnology As-
sociates), followed by f luorescein-labeled PE-conjugated
streptavidin (Southern Biotechnology Associates). Cells were
double stained with f luorescein isothiocyanate-conjugated
mouse anti human CD4 (IgG1; Sigma). Cells were than analyzed
on a fluorescence-activated cell sorter (FACStar Plus; Becton
Dickinson). TCRBV1 specificity of the BL37.2 mAb was con-
firmed by a rat anti human isotype control staining.

To calculate the extent of TCR down-regulation upon peptide
stimulation, transfectant TCR37.33 was coincubated with an
equal number of autologous EBV-transformed human B cells in
presence of increasing concentrations of peptides, for 4 and 24 h.
Cells were then washed, stained for expression of human
TCRBV1, and fixed in 1% formaldehyde. TCR37.33 cells were
tightly gated on forward scatteryside scatter to exclude the B cell
subset.

Results
The Self-Antigen TPO Processed by Competent DCs Does Not Stimulate
T Cell Clone 37. The immunodominant and cryptic epitope of the
TPO antigen P3 (536–547) is recognized by the human T cell
clone 37 and is presented upon endogenous processing by
thyroid epithelial cells, but not by autologous monocytes exog-
enously loaded with the TPO antigen (8). To test whether more
powerful APC, such as DCs, could stimulate these T cells better,
we isolated HLA-matched DCs to present the TPO antigen to T
cell clone 37. Despite the high levels of HLA and costimulatory
molecules expressed by these DCs (data not shown), T cell clone
37 failed to proliferate in response to DCs loaded with the
exogenous TPO (Fig.1A). Although the DCs did not present the
immunogenic peptide recognized by clone 37, they induced
vigorous proliferation in T cell clone NP-7, specific for peptide
P4 (TPO 537–548). Thus, peptide P4, but not P3, is presented by
DCs upon processing of the TPO antigen.

Unlike exogenous TPO, peptide P3 even at concentrations as
low as 0.01 mM induced T cell clone 37 to proliferate, proving
that the T cells were capable of proliferating in response to
antigens. Peptide P4, when presented by DCs, induced (in
contrast) a modest proliferation in clone 37, and only at ex-
tremely high concentrations (100 mM). There is nothing peculiar
about this peptide (P4), which led to a vigorous proliferation of
clone NP-7 at 0.5 mM concentration (data not shown). When
peptide P3 was presented to clone 37 by an autologous EBV-
transformed B cell line, T cell proliferation was only induced at
peptide concentrations two logs higher (1 mM) than that needed
when DCs were used (Fig. 1C), proving the strong APC power
of the DCs we prepared. This is of significance as it has been
shown that DCs with inhibitory functions can be generated and
they have a much-reduced ability to stimulate T cells (16–19).
Although both peptides P3 and P4 are presented to T cell clones
37 and NP-7 in the context of DQB1*0602yDQA1*0102 (8), they
bind to the HLA groove in a different register and display a
different antigen conformation to the TCR (9). The TCR can
interact with a spectrum of peptides as part of its ligand. The
basis of this broad specificity for ligands was previously inves-
tigated by using synthetic peptides with amino acid substitutions
in TCR binding residues, and it was shown that one TCR has the
ability to interact productively with multiple different ligands
(20). The analogs of an immunogenic peptide are the so-called
‘‘altered peptide ligands,’’ which are able to induce partial TCR
activation, as shown in elegant studies performed on single
peptide-specific T cell clones (21–23). In this view, peptide P4
appeared to be recognized by the TCR of clone 37 as a natural
APL, able to engage with the TCR, and induce some prolifer-
ation only at high doses, regardless of the APC used.
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Establishment of a TCR Transfectant with the Functional Characteris-
tics of Clone 37. We next tried to isolate the MHC:peptide
complex and dissect how its engagement with the TCR was
taking place. For this purpose, we have transfected the human
TCR of clone 37 and human CD4 in the TCR-deficient mouse
hybridoma 58a2b2 (14) (Fig. 2A Left). The resulting cell line
would therefore be murine, except for the expression of the
human TCR and human CD4, and express neither the murine
nor the human CD28. Because human autologous EBV-
transformed B cell line or human HLA-matched DCs were used
as APC, the only engagements occurring between the two cell
types would be through the MHC:peptide complex (on APC)

and the TCRyCD4 (on T cell). This transfectant is therefore an
excellent tool to assess how the MHC:peptide complexes trig-
gered the TCR. Among many transfectants produced, 37.33
expressed stable levels of human CD4 and TCRBV1 (Fig. 2 A
Middle). Although the transfected molecules were always ex-
pressed at lower intensity than the parental human T cell clone
37 (Fig. 2 A Right), TCR37.33 still retained the original peptide
specificity (Fig. 2B).

A Nonstimulatory Concentration of Peptide P4 Induces a Transient TCR
Down-Regulation. T cell responses following TCR interaction with
APL have highlighted the complexity of the signaling system.
The indications are that the TCR responds to minor changes in
ligand with gradations in T cell activation and effector functions
(24) and with specific changes in the upstream TCR signaling
pathway (25). When challenged with increasing concentrations
of peptides P3 and P4 presented by the autologous EBV-
transformed B cell line, IL-2 release by TCR37.33 was observed
only upon stimulation with P3 but not with P4 complexes (Fig.
3A). Surprisingly, a similar level of TCR down-regulation was
achieved at 4 h upon challenge with the two peptides at 10 mM
concentration (Fig. 3B). Marginal discrepancies in TCR down-
regulation induced by the two peptides are sometimes detected,
but no consistent pattern was observed, excluding that such
differences may be the cause of the variation in the release of
IL-2. The TCR down-regulation was however transient and at
24 h cells expressed normal levels of TCR (Fig. 3B). Thus, the
two peptides are both capable of engaging the TCR, but whereas
one MHC:peptide conformation (P3) induced a productive
signal mirrored by the release of IL-2, the other (P4) induced a
different or defective TCR signal.

Peptide P4 Induces T Cell Anergy. We therefore addressed the
question as to whether the impaired TCR signal observed upon
challenge with P4 could induce T cell anergy in the parental
human T cell clone 37. T cells were exposed to the two peptides
in the absence of APC for 24 h, relying on the well-known effect
of T:T presentation (7, 26–28) and to medium alone as control.
The following day, T cells were washed and rested, and, at this
stage, similar levels of TCR expression were detected in all
groups of T cells (data not shown). T cells were then rechal-
lenged with peptides presented by live DCs. T cells pretreated
with medium proliferated vigorously in response to increasing
concentrations of P3 (Fig. 4). Proliferation was also observed in
response to P4, but only at the high concentration of 100 mM. T

Fig. 1. Proliferation of human TPO-specific T cell clones in response to antigen and peptides. (A) Live DCs pulsed with 0.2 mgyml purified human TPO antigen
(gift from B. Rapoport, Cedars-Sinai Medical Center) do not induce proliferation in T cell clone 37, but induce a marked proliferation in T cell clone NP-7. Lower
concentrations of TPO antigens were tested, producing comparable results. A challenge with 0.2 mgyml of TPO, however, always resulted in a strong proliferation
in clone NP-7. (B) In the same experiment, proliferation in T cell clone 37 is achieved with different concentrations of peptides P3 and P4 (gifts from D. Wraith,
University of Bristol) presented by HLA-matched DCs and (C) autologous EBV-transformed B cell line. All results shown are representative of three different
experiments.

Fig. 2. Reconstitution of the TCR expressed by clone 37 into a murine T cell
hybridoma. The TCR-transfected clone 37.33 expressing the chimeric humany
mouse TCR was stained by the anti human TCRBV1 (BL37.2 mAb) and anti
human CD4 (Middle). The untransfected mouse cell line 58a2b2 served as
negative control (Left). (Right) The expressions of TCR and CD4 in the parental
human T cell clone 37. (B) Peptide-specific responsiveness of clone 37.33 was
measured by using graded doses of peptide P3 (black bars) and monitoring IL-2
release and subsequent CTLL-2 cell proliferation. The irrelevant MBP peptide
13-32 (white bars) induced no IL-2 release. The TCR-transfected clone 37.33
remained stable in culture for over 2 yr without losing peptide specificity. All
results are representative of three different experiments.
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cells pretreated with 10 mM of the immunodominant peptide P3
were, on the contrary, completely anergized and unable to
respond to a further challenge with P3. Only modest prolifera-
tion (,10% of controls) was observed upon rechallenge with P4
at 100 mM. Most surprising, pretreatment with 10 mM of P4, a
dose that never induced proliferation in clone 37, led to complete
anergy upon rechallenge with either peptide P3 or P4 presented
by DCs. In all cases, the T cells were viable, as indicated by
proliferation to exogenous human IL-2. In some experiments, T
cells were rested for up to 7 days, producing overlapping results
(data not shown).

DCs Present a Tolerogenic Peptide upon Processing of the TPO
Self-Antigen. To approach more closely the in vivo situation, we
next asked what the outcome is after engagement of clone 37
with DCs presenting peptide P4 or the naturally processed TPO
antigen. Peptide P3 was excluded from this experiment, as it is
an agonist epitope and its presentation by DC induced a

powerful proliferation in clone 37 as shown in Fig. 1. The agonist
peptide P3, however, can induce anergy in T cell clone 37 if used
in T:T presentation (in absence of professional APC), as de-
scribed in Fig. 4. The results in Fig. 5 (Middle) show that live DCs
pulsed with 10 mM of the synthetic peptide P4 induced anergy
in T cell clone 37. Most important, upon processing of the TPO
molecule, live DCs presented peptides that were able to induce
a significant anergy in T cell clone 37 (Fig. 5 Right). Indeed, after
the initial challenge with DCs pulsed with TPO, which as in Fig.
1A produced no proliferation, T cells were only marginally
(,10% of controls) able to proliferate to high concentrations of
the immunodominant ligand P3. Proliferation to high concen-
tration of P4 was also significantly reduced (,40% of controls).
Because the initial pretreatment was made with a low concen-
tration of peptide P4 (or naturally processed TPO antigen) that
never induced proliferation of T cell clone 37, we excluded that
the anergy obtained was simply because of temporary refracto-
riness of the proliferating T cells. In some cases, we also used DC
treated with tumor necrosis factor or bacterial lipopolysaccha-
ride during tolerance induction, or rested the anergized T cells
for longer (up to 7 days), obtaining overlapping results.

Discussion
Dendritic cells are the most specialized APC, inducing T cell
activation after antigen capture and migration in the regional
lymph nodes (4, 29). DCs are thus the initiators of immune
responses to foreign antigens (2, 30). They are also considered
to be key players in the induction and maintenance of autoim-
mune reactions (31). In humans, the study of these cells has been
facilitated by the use of monocyte-derived DCs as large and
homogeneous population of cells can be prepared (11). Studies
on these human monocytes-derived DCs as well as murine
derived DCs have helped in understanding their origin and
function (3, 32). It has become apparent that the term DCs
defines a heterogeneous population of cells with characteristics
ranging from extremely powerful to quite poor T cell activators.
The latter have intrinsic down-modulatory activity, thus playing
an important function in the homeostatic control of the immune
system (16, 18, 19). Immunologically competent DCs, however,
are always considered to be extremely powerful APC, as they
express all of the required costimulatory molecules and release
the appropriate cytokines necessary to initiate an immune
response (3, 4, 32). In this context, it has to be reminded that the
engagement of the TCR with a MHC:peptide complex delivers
the main signal that leads to T cell activation (5). This primary

Fig. 3. Engagement with the MHC:peptide complex down-regulates the
TCR. TCR37.33 were incubated for 24 h with equal numbers of APC prepulsed
with or without increasing concentration of peptides. (A) At each peptide
concentration, the supernatants were collected after 24 h and the released
IL-2 assessed by ELISA. Challenge with peptide P3 is represented by the open
symbols, whereas peptide P4 is represented by the filled symbols. APC with the
irrelevant MBP peptide at 10 mM did not induce any IL-2 release (broken line).
(B) After 4 and 24 h, cells were stained for expression of human TCRBV1 and
fixed in 1% formaldehyde. TCR37.33 cells were tightly gated on forward
scatteryside scatter to exclude the APC. TCR expression was tested in TCR37.33
incubated with APC and the irrelevant MBP peptide 13–32 (solid line, mean
fluorescence intensity 97.8), peptide P3 (dotted line, mean fluorescence in-
tensity 8.76) or peptide P4 (dashed line, mean fluorescence intensity 12.19).
Peptides were used at 10 mM. The gray line represents TCR37.33 stained with
a rat anti human isotype control (mean fluorescence intensity 5.8). The data
are representative of at least four different experiments.

Fig. 4. Anergy induction in the absence of costimulation. Human T cell clone 37 was incubated in the absence of APC with 10 mM of peptide P3, 10 mM of peptide
P4, and medium alone. After 24 h, T cells were washed, rested, and challenged with DCs prepulsed with increasing concentrations of peptides P3 and P4. T cells
preincubated with medium proliferated in response to peptide P3 and a high dose (100 mM) of peptide P4. Similar results were obtained if T cells were
preincubated with the irrelevant MBP peptide or rested for up to 7 days (data not shown). T cells pretreated with peptides P3 or P4 in the absence of APC did
not respond to a further peptide stimulation (Middle and Right). T cell proliferation to exogenous IL-2 confirmed that T cells were still viable. All results are
representative of five different experiments.
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signal is controlled by a delicate and flexible interaction between
the TCR and MHC:peptide complex, and, indeed, several stud-
ies have shown that minor changes in the peptide recognized by
the TCR can dramatically modify the pattern of T cell respon-
siveness (21, 33). These modified peptides, the so called ‘‘altered
peptide ligands’’ proved also to be useful tools to probe the
interactions between the TCR and the MHC:peptide complexes
involved in the process of thymic education. Indeed, it has been
shown that in the thymus, those peptides with the ability to
induce positive selection are variants of the antigenic peptide
and are identified as APL (34, 35). Our results, therefore, suggest
how the self-reactive T cell clone 37 could have escaped thymic
deletion. Indeed, positive selection might have occurred if
peptide P4, a naturally occurring APL of TPO produced by
professional antigen presenting cells, is presented in the thymus.
‘‘Naturally’’ occurring epitope variants, with APL characteris-
tics, may have an important role in immune recognition and
pathology has been demonstrated in viral infections (36, 37). In
these latter situations, however, the virus mutates changing
amino acids in critical TCR contact sites and thus leading to the
generation of ‘‘naturally induced’’ APL.

In this study, we report that fully competent DCs that process
the self-antigen TPO generate epitopes with altered peptide
ligand characteristics for the dominant T cell clones infiltrating
the thyroid of Graves’ patients (8). Here we report that DCs can
generate ‘‘tolerogenic’’ epitopes with APL characteristics upon
processing of self-antigens. Our findings are not in contrast with
the notion that DCs are potent inducers of adaptive immunity,
but they highlight that presentation of a self-antigen by immu-
nologically competent DCs does not always lead to ‘‘danger’’ but
may lead to ‘‘safety’’ for the organism. In this case, the ‘‘danger’’
(activation) or the ‘‘safety’’ (anergy) are caused by the differ-
ential ‘‘editing’’ of the TPO antigen upon ‘‘exogenous’’ vs.

‘‘endogenous’’ processing (8). This is a novel concept, and
represents the so-called ‘‘exception to the rule,’’ that could play
an important role in pathological conditions. It has indeed to be
stressed that the tolerogenic DCs described so far either con-
stitute a separate differentiation pathway (38) or they have been
exposed to cytokines that blocked the DCs maturative steps (12,
16). More recently, DCs that uptake apoptotic cells were de-
scribed to induce peripheral tolerance to self (18, 39). In all cases,
these tolerogenic DCs are either not fully matured or intrinsi-
cally incompetent in their APC function. In this paper we show
that immunologically efficient DCs can generate epitopes such
as P4, with characteristics of ALP, as we have evidence that P4
induces a different pattern of cytokine release compared with
the cryptic epitope P3 in clone 37 (data not shown). The
consequence of the presentation of APL by DCs is that these
powerful antigen presenting cells are able to induce and main-
tain self-reactive T cells in an anergic status, thus defining a novel
way to induce peripheral tolerance of self-reactive T cells
recognizing cryptic self-epitope (8). It has to be remembered
that because cryptic epitopes have been considered to have a key
role in driving autoimmune diseases (40), our study has a specific
relevance to autoimmune diseases. In conclusion, these results
suggest an alternative role for fully capable DCs not simply as
powerful ‘‘initiators’’ of immune responses, but also as effective
creators of immune tolerance for self-reactive T cells.
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