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Commentaries

The saga of MHC-bound peptides:
a renaissance for antigen presentation?

Luc Teyton

Department of Immunology, The Scripps Research Institute, La Jolla, California, USA.

In this issue of the JCI, two separate studies on MHC-bound peptides
reopen the debate on the utility of peptides for the purposes of vaccination
and treatment of autoimmune diseases. In the first study, by Wahlstrém et
al., peptides bound to HLA-DR17 from bronchoalveolar lavage cells of sar-
coidosis patients were analyzed in order to identify target antigens of the
autoimmune response (see the related article beginning on page 3576). In
the second study, by Le Gall et al., the modulation of epitope immunodomi-
nance and the processing and presentation of HIV peptides for MHC class I
recognition were shown to be dependent on flanking residues that were N
terminal to the natural epitopes (see the related article beginning on page
3563). Both studies highlight the tremendous therapeutic potential of MHC-
bound peptides. They also emphasize that technical issues are still plaguing
this field and hindering our understanding of MHC presentation in vivo.

The mid-1980s were the best of days for
antigen presentation. In 1987, the determi-
nation of the structure of the human MHC
class I molecule HLA-A2 struck the imagi-
nation of all immunologists (1). It provided
the structural basis for the fact that T cells
recognize peptides derived from antigens
bound to MHC molecules and not anti-
gens themselves (2). The conclusions that
one could draw from this paradigm were to
drive research for the next 20 years.

MHC class I peptides derive from cyto-
plasmic degradation by the proteasome of
abortive translation products, viral proteins,
and normal cytoplasmic proteins. Com-
posed of 8 or 9 amino acids, these peptides
are translocated into the ER by the trans-
porter associated with antigen processing
(TAP) and loaded onto nascent MHC class I
polypeptides to allow their proper folding.

Peptides that appear in the groove of
MHC class II molecules have a similar bind-
ing core (8-9 amino acid residues) but are
extended at both ends, protruding outside
the peptide-binding groove of the MHC
class II molecule by 1-5 residues that are
sometimes essential for either MHC bind-
ing and stability and/or T cell recogni-
tion. The production of MHC class II-
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binding peptides is almost exclusively limit-
ed to endosomal compartments and as such
involves polypeptides that have reached this
location through endocytosis, e.g., soluble
proteins, receptor-bound molecules, viral
particles, and opsonized bacteria. The simple
fact that T cell recognition could be achieved
simply via the detection of these short pep-
tides was seen as the answer to vaccine design
and antigen-specific immunomodulation.
Countless ventures were initiated with these
very aims, but none have brought to market
a successful peptide-based immunotherapy.
Why has this approach not worked?

Moving peptides into the

therapeutic arena

At first sight, peptides are seductive
— they are exquisitely specific for MHC
binding and T cell recognition, easy and
inexpensive to manufacture in large, good
manufacturing practice-grade quanti-
ties, water soluble, and stable in solu-
tion. On their dark side, one would argue
that their pharmacological properties are
poor — they possess a short half-life due
to proteolytic cleavage, show poor tissue
distribution, and show poor subcellular
targeting. However, peptides still appear
to be the only practical vehicle to target T
cell specificity and, although we all know
about dramatic practical failures of their
use, we still dream of using a peptide to
modulate our favorite autoimmune dis-
ease and suppress the effects of aggressive
T cells. Toward this goal, the search for
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antigens that are targets of self-reactive T
cells is still very active.

A new approach in the search for the
sarcoidosis antigen

In the current issue of the JCI, Wahlstrom
et al. (3) describe a new technique for the
analysis of HLA peptides in patients with
the autoimmune disease sarcoidosis, an
inflammatory condition characterized by
formation of granulomas, most often in
the lungs or lymph nodes, with the hope
of identifying the specific antigen or anti-
gens that trigger the excessive proliferative
response of CD4* T cells in patient lungs.
Linkages between particular subtypes of the
MHC class II cell surface receptor HLA-DR
(e.g., HLA-DRB1%*0301, investigated in the
current study) and patient subgroups of
this granulomatous lung disease have been
identified (4). Sarcoidosis patients with the
DRB1*0301 genotype have been shown to
possess a distinct local immune response,
which includes expansion of a limited set of
CD4* T cells expressing a particular TCR a
chain variable gene segment (AV2S3) in their
lungs (5). This observation strongly suggested
that a limited number of peptides might be
responsible for the selection and expansion
of these particular T cells. Here comes the
tricky part: how does one analyze the peptide
repertoire responsible for this phenomenon?
The lung offers a unique opportunity for
study, given the possibility of recovering lung
cells via bronchoalveolar lavage (BAL). How-
ever, BALs recover only a limited number of
cells, and in the current study by Wahlstrom
etal,, BAL fluid cells from 16 patients had to
be pooled in order to perform a single experi-
ment, and no control group could be pro-
vided. Indeed, the analysis of MHC-bound
peptides described in their report follows a
long, multistep procedure that requires a
minimum of 10° MHC-expressing cells. This
large number of cells indicates how ineffi-
cient this technology still is. The most waste-
ful step in the process is the purification of
MHC molecules. Affinity chromatography
with anti-MHC antibodies is the only way to
proceed and does not recover more than 50%
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of the target molecules. In addition, some
peptides will be lost during the procedure
because they have low or medium affinity for
MHC or they have hydrophobic sequences
that favor exchange in the presence of deter-
gents. The final step, comprising capillary
liquid chromatography followed by mass
spectrometry (6), also leads to some attri-
tion because some peptides will be lost or
poorly separated by the chromatography or
not ionized properly in the mass spectrom-
eter chamber. Even though the theoretical
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Figure 1

Role of flanking amino acid residues in MHC
class | and class Il peptide biology. For MHC
class Il molecules (A), N and C terminal flank-
ing residues protrude outside the MHC class
Il groove and are sometimes involved in MHC
binding and/or TCR recognition. For MHC class
| residues (B), amino acids N and C terminal of
the 8- to 9-mer core peptide have multiple func-
tions: (i) binding and processing by the protea-
some and cytoplasmic aminopeptidases (AP);
(ii) binding and transport into the ER by the TAP
heterodimer and further digestion by ER amino-
peptidases; and (iii) T cell recognition when a
longer peptide is tethered by its extremities and
bulging outside of the MHC class | groove. The
observation made by Le Gall et al. (7) in this
issue of the JCI is likely to be linked to steps i
and ii, in which the N terminal sequence of the
peptide will control the accessibility of amino-
peptidases and the overall abundance of the
final MHC class | peptide.

and sometimes practical limits of detection
of mass spectrometry have reached the fem-
tomolar range, in instances like the present
one, in which the starting material is highly
heterogeneous and unambiguous sequence
information is desired, much higher concen-
trations are required to allow sample reruns
and definitive identifications. That series
of limitations can only be compensated for
by increasing the amount of starting mate-
rial, which Wahlstréom et al. have done. The
application of such an approach would be
difficult to envisage in the case of examina-
tion of pancreatic tissue from patients with
immune-mediated diabetes or of skin in indi-
viduals with psoriasis but could be carried
out in individuals with rheumatoid arthritis
using pannus cells isolated from patients
undergoing surgery. Despite these chal-
lenges, in their current report, Wahlstrom
et al. utilized this technique to identify some
well-known autoantigens in the BAL fluid of
sarcoidosis patients, such as vimentin, lysyl-
tRNA synthase, and f actin, but the results
did not reveal new potential candidates that
could be the specific target of the autoim-
mune response in sarcoidosis. Prediction
algorithms for MHC binding can be used to
provide an indication that peptides identified
by MHC purification/mass spectrometric
techniques actually bind the HLA of interest,
but a final confirmation can only come from
direct binding studies with purified MHC
molecules. Ultimately, the series of peptides
purified from BAL fluid will have to be tested
for their ability to stimulate the AV2S3-posi-
tive T cells present in the lung of patients
with sarcoidosis. These studies could very
well reveal that one of the peptides identified
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in the present study drives the autoimmune
response in sarcoidosis and as such may be a
target for immune intervention.

Flanking sequences alter HIV epitope
processing
The report by Le Gall et al. (7), also in this
issue of the JCI, which investigates the pro-
cessing and presentation of HIV peptides
for MHC class I recognition, did not present
the technical difficulties of the Wahlstrom
et al. (3) study. MHC class I epitopes have
been classified as immunodominant or sub-
dominant, depending on the magnitude of
the immune response they generate. In HIV
research, the factors governing epitope pro-
cessing, presentation, and immunodomi-
nance have garnered great interest as these
factors likely have an impact on recognition
of HIV-infected cells by the immune system
and also affect the immunogenicity of candi-
date HIV vaccines. A small number of immu-
nodominant epitopes have been observed in
HIV infection (8, 9); however, the existence of
arelationship between epitope immunodom-
inance and antigen processing has remained
unclear. In their study, Le Gall and colleagues
used synthetic peptides to study the presenta-
tion and processing to CD8* T lymphocytes
of epitopes originating from the HIV-1 Gag
protein. Using a combination of synthesis, in
vitro processing using cytoplasmic extracts,
and antigen presentation, the authors estab-
lished that N terminal-flanking residues
were important for the efficient production
of immunodominant epitopes whereas sub-
dominant epitopes were often destroyed by
the proteasome and that the artificial modifi-
cation of flanking residues could transform a
subdominant epitope into a dominant one.
The role of flanking residues in MHC
class II-restricted antigen presentation
has been long recognized and the focus
of many studies (Figure 1A). Because the
groove of MHC class I molecules is open at
both ends, flanking sequences are free and
exposed and can interact with either the
MHC molecule and/or the TCR. Because
the groove of MHC class I is self limiting,
with closed ends, and acts as a caliper for
8- or 9-mer peptides, one would assume
that flanking residues are unimportant
for MHC class I epitopes. Wrong! Wrong
for at least three reasons (Figure 1B). The
first reason is the one that is illustrated in
the study by Le Gall et al. (7). Both N and
C termini of the epitope are critical for pro-
cessing by the proteasome. C termini are
often important for the initial binding and
proteolytic cleavage by the proteasome, but
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the N terminus is also important to limit
proteolysis. After proteasomal digestion,
MHC class I peptides often have a defini-
tive C terminal residue but not a final N ter-
minus (10). The latter will be produced by
aminopeptidases present in the cytoplasm
and/or the ER, such as ERAP (11). The sec-
ond important function of the termini of
a peptide is for its translocation from the
cytoplasm to the ER and preferential bind-
ing to the TAP transporter. Indeed, the
three N terminal positions and the C termi-
nal residue of cytoplasmic peptides are criti-
cal in the selection of substrates by TAP and
their efficient transport (12). The final role
of the termini of a peptide is in the process
of its binding to MHC class I molecules. At
8,9, and even 10 residues in length, peptide
binding to MHC class I can be optimal and
satisfy anchoring to pockets (13). Beyond
this length, MHC does not exclude binding
altogether, but binding becomes subopti-
mal by allowing only the extremities of the
peptide to be associated with the MHC mol-
ecule. The peptide-MHC class I complexes
that are produced by 12-, 13-, or even 14-
mer peptides (14) are structurally unique
with a central bulge that will be recognized
and flattened by the T cell receptor upon
binding (15). Thus, the flanking residues of
an MHC class I epitope can influence pro-
cessing, transport, MHC binding, and T cell
recognition. These considerations are criti-
cal for the design of peptide-based vaccines,

but their prediction is often difficult and
requires in vivo models to be confirmed.

Itis clear from the studies by Wahlstrom
et al. (3) and Le Gall et al. (7) that appear
in this issue of the JCI that the lessons we
can learn from antigen presentation are
some of the most challenging to translate
into therapeutic approaches, but nobody
should be afraid of a challenge that might
bring huge returns.
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A nervous breakdown in the skin:
stress and the epidermal barrier

Andrzej Slominski
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In this issue of the JCI, Aberg and colleagues report that psychological stress
disrupts the skin’s antimicrobial barrier and increases the severity of cutane-
ous infections (see the related article beginning on page 3339). This effect
is mediated by endogenous glucocorticoids produced secondarily to stress-
related activation of the hypothalamic-pituitary-adrenal axis. Thus, this study
provides what I believe to be the first mechanistic link between psychological
stress and increased susceptibility to microbial infection.

Nonstandard abbreviations used: CRF, corticotro-
pin-releasing factor; CRF1, CRF receptor type 1; HPA,
hypothalamic-pituitary-adrenal; MSH, melanocyte-

stimulating hormone; POMC, proopiomelanocortin.
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Skin changes during systemic stress
The main function of the epidermis is to
regulate epidermal permeability and to act
as a physical, chemical, and antimicrobial
defense system via the actions of the outer-
most layer of the epidermis, the stratum cor-
neum (1). The natural antimicrobial defenses
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of the skin also involve elements of the innate
immune response such as the production of
antimicrobial peptides, lipids, Toll-like recep-
tors, proinflammatory cytokines, and che-
mokines (1). During periods of psychological
stress the cutaneous homeostatic permeabil-
ity barrier is disturbed, as is the integrity and
protective function of the stratum corneum
(1). Furthermore, a large number of skin dis-
eases, including atopic dermatitis and psoria-
sis, appear to be precipitated or exacerbated
by psychological stress (2). Nevertheless, the
underlying mechanism of a specific patho-
genic role for psychological stress in skin
pathology has remained unclear.
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