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Identifying T cell responses

against innate chemokines

Etiological factors that facilitate the
development of autoimmune diseases
are poorly characterized. In this issue of
the JCI, Falta et al. provide evidence that
occupational exposure to the rare alkaline
earth metal beryllium represents a risk for
development of chronic beryllium disease
(CBD) of the lung (1). People that carry dis-
tinct HLA-DP2 alleles are especially at risk
of developing CBD (2). Both innate and
adaptive immune cells, particularly beryl-
lium-reactive CD4" T cells, are involved
in the course of disease and ultimately
cause granulomatous lung inflammation.
So far, knowledge on leading target anti-
gens in CBD has been limited to plexin A
and beryllium itself (3, 4). In this issue of
the JCI, Falta et al. identify a CBD-associ-
ated complementarity-determining region
3B (CDR3p) motif within bronchoalveolar
lavage (BAL) CD4* T cells, which displayed

Recognition of self-peptides in association with distinct HLA class Il alleles
by autoreactive CD4* T cells is central for loss of immunological tolerance
leading to autoimmune disease. However, identifying immunodominant
self-peptides and characterizing autoreactive T cells is challenging. In this
issue of the JC/, Falta et al. identify a disease-associated complementarity-
determining region 3 motif specific for beryllium-modified C-C motif
ligand 4 (CCL4) and CCL3 self-peptides in patients with chronic beryllium
disease (CBD), a granulomatous lung disorder with a known HLA class

Il allelic association. Detection of these antigen-specific CD4* T cells by
beryllium-pulsed HLA-DP2 tetramers presenting CCL4/CCL3 confirms these
autoantigens in humans and mice and enables monitoring in the progress
of disease. Detection of autoreactive CD4* T cells by peptide-MHC class I
multimers allows for the detailed characterization of disease-promoting

T cells. This knowledge has profound implications for the monitoring and
development of targeted therapies in human autoimmune disorders.

beryllium-specific reactivity (1). Further,
by scanning peptide libraries, positional-
ly modifying targeted amino acids, and
using sophisticated ranking approaches,
the authors recognized C-C motif ligand
4 (CCL4)and CCL3 as major antigenic
targets of CD4" T cells in CBD (1). Finally,
to confirm the presence of CCL4/CCL3-
reactive CD4" T cells, Falta et al. made
use of beryllium-pulsed HLA-DP2-CCL4/
CCL3 tetramers in CBD patients and dif-
ferent humanized mouse models (1). Thus,
they described a so far unknown adaptive
immune response of autoreactive T cells
against components of the innate immune
system fueling inflammation.

Algorithm for detection of
autoreactive CD4* T cells

The specific interaction of T cell recep-
tors (TCRs) with self-peptide MHC is
fundamental to initiating autoimmune
diseases. Autoreactive CD4" T cells have
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the capacity not only to produce proin-
flammatory cytokines, but also to help B
cells in maturation and production of high-
affinity autoantibodies. Knowledge of the
disease-associated HLA class [T alleles and
the respective disease-specific autoanti-
gens provides the basis for detecting and
monitoring disease-relevant autoreactive
T cells. These factors have paved the way
for the development of peptide-MHC class
II (pMHC) multimers, which have been
successfully applied in various autoim-
mune diseases, i.e., multiple sclerosis, type
1diabetes, Graves’ disease, vasculitis, celi-
ac disease, rheumatoid arthritis, and pem-
phigus vulgaris (PV), as shown in Figure
1A and refs. 5-11. Similarly to the efforts
by Falta et al., previous work has assessed
HLA restriction and peptide immunoge-
nicity as well as TCR clonality in PV (12).
PV is a chronic autoimmune bullous dis-
ease of mucous membranes and the skin
in which IgG autoantibodies interfere
with desmosomal cell-cell adhesion of
epidermal keratinocytes (12). The immu-
nogenetic restriction of the autoimmune
response in PV is well understood, as the
HLA class II alleles HLA-DRB1*0402
and/or HLA-DQ1*0503 are prevalent in
PV. Both alleles shape the CD4* T cellu-
lar immune response against a restricted
set of immunodominant epitopes of the
major autoantigen desmoglein 3 (Dsg3)
(12). Dsg3-reactive T cells are required
to induce and perpetuate, via B cell help,
pathogenic IgG antibodies, which even-
tually leads to the loss of epidermal cell-
cell adhesion and the clinical outcome of
blisters and erosions of the mucous mem-
branes and the skin. This intimate T cell-B
cell interaction is critical, as indicated by
therapeutic B cell depletion experiments
in which the anti-CD20 monoclonal anti-
body rituximab eliminates both peripher-
al B cells and Dsg3-specific T cells. This
elimination is probably due to the fact that
these T cells require B cells as antigen-
presenting cells (13). Moreover, immuniza-
tion of HLA-DRB1*04:02 humanized mice
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Figure 1. pMHC multimer technology can reveal HLA class ll-restricted, autoreactive CD4* T cells

in human autoimmune disorders. (A) Autoimmune diseases with known HLA association and iden-
tified immunogenic self-peptides enable the study of autoreactive CD4* T cells by pMHC multimers.
(B) Available multimeric pMHC complexes can detect autoreactive CD4* T cells in CBD and PV. In CBD
(left), CCL4/CCL3-reactive effector T cells promote inflammation. In PV (right), Dsg3-reactive T cells

:

help B cells with autoantibody production.

with T cell epitopes of human Dsg3 induc-
es pathogenic anti-Dsg3 IgG antibodies
via the generation of Dsg3-specific T cells
(14). This IgG response to Dsg3 is abrogat-
ed by anti-CD40L monoclonal antibodies,
which interfere with T cell-B cell interac-
tion (14). Using a similar approach, Falta
et al. showed that exposure of HLA-DP2
transgenic mice to beryllium leads to the
induction of CCL4/CCL3-reactive BAL
CD4* T cells, as seen in human CBD (1).

Tetramer/dextramer
technology

The advent of MHC class II-peptide tech-
nology has facilitated a better under-
standing of the immune pathogenesis of
several HLA class II-linked autoimmune

disorders. Since autoreactive CD4" T cells
are critical inducers and drivers of these
disorders, their detection and monitoring
have now become possible by multimeric
PMHC complexes (Figure 1B). Technical-
ly, distinct synthetic HLA class II alleles
are loaded (open multimers) or covalently
linked (closed multimers) with/to immu-
nodominant autoantigenic peptides. Mul-
timerization is achieved via biotinylation to
fluorochrome-conjugated streptavidin or
via binding to a fluorochrome-conjugated
dextran backbone. While this multimeriza-
tion results in increased avidity by cross-
linking various TCRs and increased fluo-
rescence intensity due to numerous bound
fluorochromes, pMHC monomers also
imply some limitations and pitfalls. First,
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the number and frequency of autoreactive
CD4* T cells in peripheral blood are low, as
demonstrated in various studies (6, 8, 15,
16). However, as shown in other reports,
including Falta et al., autoreactive T cells
may have a higher frequency in targeted
organs (1, 10). Alternatively, autoreactive T
cells can be expanded ex vivo prior to label-
ing with pMHC multimers (10, 17). Second,
the TCR of autoreactive T cells must initial-
ly display a low affinity to escape negative
selection in the thymus, which may result
in poor pMHC multimer binding.

As discussed above, CD4" T cell rec-
ognition of autoantigenic peptides is
mainly regulated by peptide binding to
distinct motifs of the variable f§ chains of
the disease-associated HLA-DR, -DP or
-DQ alleles. In PV, the B, chain of HLA-
DRB1*04:02 exhibits a negative charge in
the P4 pocket, which is critical for binding
of self-peptides carrying a positive charge
at their P4 anchor motifs (12, 18). Similar-
ly, Falta et al. identified both the complete
binding motif within HLA-DP2 and the epi-
topes of the autoantigenic targets (1). Here,
beryllium exposure modifies the identified
self-peptides of CCL4/CCL3 and there-
by possibly enhances the binding affin-
ity to HLA class II (1), as already shown
for citrullinated peptides in rheumatoid
arthritis (10). Moreover, the formation of
neoantigens may lead to a break of toler-
ance upon recognition of T cells with high-
affinity TCR. In another study, the pep-
tide sequence was mutated at the anchor-
ing position to stabilize HLA binding for
tetramer analysis in multiple sclerosis (5).

Several studies have utilized pMHC
multimers in flow cytometric analyses and
identified an antigen-experienced memo-
ry phenotype of autoreactive CD4" T cells
in vasculitis, celiac disease, and rheuma-
toid arthritis (8-10, 17). Despite advanc-
es in the detection of autoreactive T cells
by pMHC multimer technology, a rather
polyclonal T cell response, which is quite
common in many of these diseases, may
limit identifying monoclonal or oligoclo-
nal autoreactive T cell responses. Further-
more, possible promiscuity between dif-
ferent HLA class II haplotypes and TCRs
of'autoreactive T cells, as described for the
PV-associated HLA class II alleles HLA-
DRP1*0402 and HLA-DQ1*0503, rep-
resents a remaining uncertainty in detect-
ing autoreactive CD4" T cells (19).
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Clinical implications and
conclusions

Understanding the immune pathogenesis
of distinct autoimmune diseases, including
CBD and PV, has profound implications for
the development of treatment options for
affected patients. Falta et al. exemplify the
detection of pathogenic autoreactive T cells
via pMHC multimers and provide a basis
to further characterize and identify thera-
peutic targets in T cell-driven autoimmune
disorders. This study not only identifies
antigenic targets in CBD, but also presents
a structured approach for identifying anti-
genic targets in other autoimmune diseases
in the future (1). Using pMHC multimers,
it is possible to monitor disease-relevant
T cells ex vivo, as they may reflect highly
relevant parameters of disease activity and
severity. For a deeper understanding, mul-
tiomics approaches will reveal more details
about the role of autoreactive T cells in
autoimmune diseases, such as CBD and
PV, thereby contributing to the discovery
of targets for future therapies. Further-
more, profiling of T cell responses by using
different fluorochrome-labeled pMHC
multimers may promote the development
of targeted therapies (17).
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