












panels). Based on the measured ionic current intensity, the
amount of the TNFR-(302–310) peptide extracted from 108

H-2b spleen cells was ;120 fmol. Given the yield of the extrac -
tion procedure (10–15%), the amount of TNFR-(302–310) de-
tected on the cell surface was estimated at 1 pmol/108 cells,
which represents an approximate number of 7200
molecules/cell.

DISCUSSION

Structural similarity (molecular mimicry) between viral
epitopes and self-peptides can lead to the induction of MHC
class II-restricted autoaggressive CD41 T cells (4) as well as
MHC class I CD81 T cell responses (13, 14, 41, 42). Both
clinical and experimental evidence continues to accumulate
that infectious agents encoding proteins that cross-react with
host self-proteins can play a role in molecular mimicry (43, 44).

Data base search for peptides sharing structural homology
with a given antigen may be successfully employed to identify
potential cross-reactive endogenous ligands (1, 4, 42). Using
this strategy, we were able to identify at least five murine
self-peptides with predictable high H-2Db-binding affinity that
share with the LCMV NP-(396–404) antigen its main TCR
contact residue (Phe at P8). Among these five peptides, three
also shared one of the two auxiliary TCR contact residues,
either Phe at P1 (protein kinase C-(351–359) and TNFR-(302–
310)) or Gln at P4 (lysosomal acid phosphatase-(177–185)). In
addition, the TNFR-(302–310) peptide had a third residue in
common with LCMV NP-(396–404) (Pro at P3), resulting in a
marked functional homology between the viral epitope and the
self-peptide (three out of three MHC-binding residues and two
out of three TCR contact residues). Yet, we failed to find a
murine self-peptide that bore the three TCR contacts of the
viral antigen. One may consider that the number of peptides
identified by our method was unexpectedly small. However, the
small set of self-peptides we found (,10) resembled that of
other Db-restricted (7) or Kb-bound (8) peptides implicated in T
cell-positive selection and identified using different ap-
proaches. Also, a search for mimicry peptides able to interact
with MHC class II-restricted autoreactive T cell clones specific
for the myelin basic protein produced a similarly small group
(4). These previous results validate our approach, which is
further strengthened by the identification of one of these pep-
tides (TNFR-(302–310)) in the material eluted from the sur-
faces of H-2b cells.

By which molecular mechanism(s) can the naturally occur-
ring TNFR-(302–310) peptide and the other self-peptides main-

tain potentially autoreactive CTLs in a functional state? With
respect to the NP-specific TCR, TNFR-(302–310) and the other
self-peptides identified here behaved as typical altered peptide
ligands (45), with implications at both functional and struc-
tural levels. At the functional level, despite the presence in
their sequences of the main TCR contact and (for some of them)
of an additional auxiliary TCR contact, none of the mimicry
self-peptides identified here were able to stimulate antiviral
CTLs in agonist assays. Nevertheless, they behaved as antag-
onists, indicating that they still interacted with the TCR and
suggesting that their affinity for the NP-specific TCR was
relatively low (7). Low affinity recognition of self-MHC pro-
motes thymocyte survival, and in this way, the self-peptides act
as low affinity molecular mimics (46). The TCR antagonism we
observed may result from impaired TCR triggering. To dissect
these TCR-triggering mechanisms further would require explo-
ration of the self-peptides’ ability to induce, or not, events such
as TCR internalization, TCR dimerization, and phosphoryla-
tion of the kinases involved in signal transduction (47). At the
structural level, our results support previous studies showing
that degenerate recognition of the TCR is not limited to singly
substituted variants of a given antigen, but also applies to
peptides of originally unrelated sequences (3, 7, 8, 48, 49).
Molecular modeling (Fig. 4) revealed that the backbones of
LCMV NP-(396–404) and the self-peptide bound to H-2Db

could adopt superimposable conformations. The side chain of
Phe at P8 was oriented similarly in the different peptides, a
structural feature essential for preserving the function of this
residue as the main TCR contact. In contrast, substitution of
the viral residue Gly (with no side chain) at P6 for a bulkier
self-residue whose side chain points out of the MHC groove
clearly created a structural alteration of the peptide-MHC com-
plex surface susceptible to modify (inhibit) the local interac-
tions between the TCR and the MHC a chains. Indeed, alter-
ations of the peptide structure not directly affecting TCR
contacts may influence, locally or at distance, the determinants
and/or the antigenic surface of the peptide-MHC complex in-
teracting with the TCR (50–53). Furthermore, the presence of
peptide side chains that sterically hinder the TCR interaction
with the MHC helices results in lowered TCR affinity (54).

What pathophysiological role can a self-peptide like TNFR-
(302–310) play? The identification of TNFR-(302–310) as a
self-peptide naturally presented by MHC class I molecules
lends support for its biological relevance. The TNFR-(302–310)
peptide originates from the TNFR-I protein, a cell-surface re-
ceptor for tumor necrosis factor-a (55). TNFR-I is highly ex-
pressed in the thymus, spleen, and liver (56). In accord, we
found that TNFR-(302–310) was naturally present on the sur-
faces of H-2b spleen cells at 1 pmol/108 cells, a level comparable
to that of other self-peptides on the surfaces of thymic epithe-
lial cells and implicated in positive selection of CTLs (7). Evi-
dence that TNFR-(302–310) has a role in vivo in shaping the
peripheral T cell repertoire, as its natural presence on spleens
cells might suggest, would require further experimentation.

In conclusion, the work presented here addresses some fun-
damental issues regarding the relationship between self- and
foreign antigenic peptides in the immune response. In partic-
ular, the central point made is that self-peptides such as
TNFR-(302–310) and others identified in this study can allow
antiviral, potentially autoreactive T cells to keep their cytolytic
function in the absence of viral antigen over a period of months.
Dissecting the mechanisms by which potentially autoreactive
CD81 T cells are functionally maintained or become activated
should provide not only a better fundamental knowledge of
pathological autoimmunity, but also new therapeutic concepts
for combating it (57). In this study, we focused on MHC class I

FIG. 4. Side view of the superimposed structures of LCMV
NP-(396–404) and TNFR-(302–310) in the H-2Db-binding groove.
The a1- and a2-MHC domains are shown as gray ribbons. The peptides
are shown as blue (LCMV NP-(396–404), FQPQNGQFI) or green
(TNFR-(302–310), FGPSNWHFM) sticks. The model shows the perfect
superimposition of the two peptide backbones and of the side chains of
the shared residues Phe1, Pro3, Asn5, and Phe8. The model also illus-
trates the steric hindrance of the bulky side chain of Trp6 of TNFR-
(302–310), which points out of H2-Db and likely results in altered
TCR/peptide/MHC interactions.
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self-peptides and hypothesized on their possible role in these
mechanisms. Because of the potential importance of these self-
peptides in clinical disease, the findings presented here may
have important consequences, particularly in terms of thera-
peutic application, by helping to design peptidic or (better)
non-peptidic molecular mimics to target and/or inhibit poten-
tially autoreactive T cells.
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