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The promise of donor-
unrestricted T cells
Donor-unrestricted T cells (DURTSs) com-
prise mucosa-associated invariant T cells
(MAITs), invariant NK T cells (iNKTs),
and germline-encoded mycolyl lipid-
reactive T cells (GEMs) (1). Generally
speaking, these specialized T cell subsets
are characterized by the expression of
(semi)invariant T cell receptors (TCRs)
and restricted by monomorphic antigen-
presenting molecules that bind and dis-
play nonpeptide antigens such as micro-
bial metabolites and lipids (1, 2). Similar-
ly, 8 T cells express a limited number of
somatically rearranged TCRs and are acti-
vated through nonclassical antigen pre-
sentation pathways including a recently
characterized inside-out presentation
mechanism for phosphoantigens involv-
ing butyrophilin 3A1 (2, 3).
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Unconventional T cell subsets, including donor-unrestricted T cells (DURTS)
and yo T cells, are promising new players in the treatment and prevention
of infectious diseases. In this issue of the /C/, Ogongo et al. used T cell
receptor (TCR) sequencing to characterize unconventional T cell subsets

in surgical lung resections and blood from Mycobacterium tuberculosis-
infected (Mtb-infected) individuals with and without HIV coinfection.

The study revealed highly localized expansions of yo T cell clonotypes not
previously associated with the immune response to Mtb and demonstrates
the power of high-throughput analysis of the TCR repertoire directly

from infected tissue. The findings contribute to our understanding of
tuberculosis control and have implications for the development of both
therapeutic and vaccination strategies.

Given their limited TCRa chain usage,
DURT TCRs are more comparable to the
pattern recognition receptors of the innate
immune system than the highly diverse
TCRrepertoire that recognizes extensively
processed peptide antigens in the context
of classical, polymorphic MHC class Iand I
molecules (2, 4, 5). The chemical nature of
the DURT and v3 T cell nonproteinaceous
antigens further renders antigen presenta-
tion to these cells less susceptible to many
pathogen immune evasion strategies spe-
cifically developed to subvert the classical
peptide antigen-processing machinery.
In addition, DURTs differ from classical
peptide-specific T cells by their unusually
high frequency in both the blood and
mucosal tissues and their poised, mem-
ory-like phenotype (2). Together, these
characteristics make DURTSs and 8 T cells
attractive targets for both therapeutic and
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vaccination strategies (2, 5, 6). However,
to effectively leverage these unique assets,
a better understanding of their function in
infectious disease settings is required.

The power of TCR sequencing

One hallmark of the adaptive immune
response is the specific proliferation of T
cells that express a pathogen-reactive TCR
(7). Thus, tracking T cell subset frequency
over the course of an immune response or
comparing T cell clone frequency in the
affected tissue with its frequency among
the total circulating T cells provides a mea-
sure of T cell activation. Enrichment of a
particular T cell clone or subset in the tis-
sue relative to the blood indicates clonal
expansion. If this expansionis antigen driv-
en, it reflects the ability of those T cells to
recognize and mount an immune response
against a particular pathogen. In this sce-
nario, exposure to cognate antigen in the
lymph node activates pathogen-specific T
cells, which then recirculate and migrate
into the infected tissue. There, they may
continue to expand locally due to activa-
tion-induced proliferation. As a result, a
small number of highly antigen-reactive
clones dominate the TCR repertoire at the
site of infection (Figure 1A). Since the pool
of specifically expanded T cell clones can
be a source of long-lived memory T cells,
this skewing of the TCR repertoire is an
important factor when evaluating poten-
tial vaccine targets (7). Alternatively, a sto-
chastic process driven by the limited num-
ber of tissue-resident T cell clones already
present at the site of infection could
explain increased clonality in infected tis-
sue (4, 8-10). This stochastic activation
may be particularly relevant in the context
of DURTs and v3 T cells, which preferen-
tially reside in nonlymphoid tissues (2, 4).
Upon infection, a proportion of these tis-
sue-resident T cells may expand either in
response to cognate antigen or through a
variety of TCR-independent mechanisms
(bystander activation; ref. 11). In the case
of stochastic activation of tissue-resident
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Figure 1. Models of local enrichment of T cell clones. (A) Antigen-specific T cell clones undergo
antigen-driven clonal expansion and are specifically recruited to the infected tissue. (B) A subset
of the circulating T cell repertoire stochastically seeds to the tissue and locally present T cell clones
expand in response to infection in an antigen-driven or nonspecific manner. LN, lymph node.

T cells, enrichment of a given T cell sub-
set or clone would not necessarily indicate
pathogen reactivity (Figure 1B).

Previous studies have shown that both
MAITs and iNKTs are reduced in individ-
uals with active Mycobacterium tubercu-
losis (Mtb) infection, which has led to the
hypothesis that these cells may get recruit-
ed to the lung upon infection (12-16). Alter-
natively, these patients may have fewer cir-
culating DURTS to start with, which could
predispose them to infection (15). Howev-
er, these studies have mostly analyzed T
cells in the peripheral blood rather than at
the site of infection using flow cytometry

(14-16). As pointed out by Ogongo et al. in
this issue, these types of experiments are
confounded by the dynamic expression
of cell-surface markers, which are widely
used for the identification of T cell subsets
but can be downregulated upon activation
and thus affect the analysis (17-19). In
the present study, the authors addressed
both these limitations by analyzing T cells
directly from diseased lungs using TCR
sequencing (19, 20). This approach offers
a unique opportunity to assess the DURT
and yd T cell immune response to Mtb,
as the somatically rearranged genomic
sequence encoding the TCRis not affected
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by the activation status of the cell. Access
to lung resections further enabled the
authors to analyze the TCR repertoire
within the affected tissue and compare
it with both matched blood samples and
blood from healthy controls.

Two unexpected results

When Ogongo et al. analyzed the total TCR
repertoire, they found increased clonal-
ity in the diseased lung tissue compared
with healthy blood (19). This indicates
enrichment of certain T cell clones at the
site of infection and could be mediated by
specific recruitment of antigen-specific
cells or expansion of stochastically seeded
tissue-resident clones (Figure 1). Next,
the authors specifically focused on differ-
ent unconventional T cell subsets. They
found no enrichment of iNKT or GEM
TCR sequences in the lungs of patients
with tuberculosis compared with matched
blood samples (19). Surprisingly, although
the new data confirmed the loss of MAITs
from the circulation, there was no concur-
rent enrichment of the MAIT TCR in the
lung relative to the blood (19). This finding
argues against a specific recruitment of cir-
culating MAITs to the site of infection and
instead points to a potential correlation
between circulating MAITs and disease
susceptibility. Interestingly, deconvoluting
the analysis by disease state revealed a spe-
cific enrichment of MAITs in the lungs of
HIV* individuals previously infected with
Mtb, indicating that MAITs are not depleted
from the tissue upon HIV infection despite
their loss in the peripheral blood (15, 17, 19,
21). Of note, a similar study has recently
shown that MAIT-consistent TCRo chains
are enriched in the bronchoalveolar (BAL)
fluid compared with blood in patients with
active tuberculosis (22). While the TCR
repertoire in BAL fluid may differ from that
in the lung, it should be noted that clini-
cal indications necessitating surgical lung
resections suggest a severely diseased host.
Thus, Mtb-infected lung samples from sur-
gical resections may not represent a model
of Mtb control. Furthermore, antigen-driv-
en, selective expansions of MAIT clones
expressing specific TCRP chains have been
reported in the context of infection (23,
24), and hence determining paired TCR
sequences by single-cell TCR sequencing
may reveal clonal expansions not detect-
able by the analysis of TCRa chains only.
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Ogongo et al. subsequently analyzed
the y8 T cell compartment and showed
that certain TCRS clonotypes were highly
expanded in Mtb-infected lungs and thus
may play a role in the immune response
to this pathogen. Although V&1 v8 T cells
are known to dominate in the tissue (2,
6), perhaps the most surprising finding
of this study was a skewing of the pulmo-
nary y3 TCR repertoire toward T cells that
did not express Vy9Vs2. Vy9Ve2 vd T cells
are known to recognize mycobacterial
phosphoantigens in a butyrophilin 3A1-
dependent manner (2, 3, 6) but were
found to be depleted in the infected lungs
(19). Instead, there was significant het-
erogeneity among the predominant v§
TCRs even within the same lung, suggest-
ing that the clonal expansions were highly
localized. Similarly, Hunter et al. recently
reported that distinct V32y3 clonotypes
are overrepresented in the liver, further
supporting the notion that tissue-resident
vd TCR repertoires differ from their circu-
lating counterparts (10).

Strikingly, Ogongo et al. identified
a number of TCR$ clonotypes that were
highly expanded in the lungs of multiple
individuals, albeit at lower frequencies
than the previously characterized bona
fide invariant TCRs expressed by MAITs
or GEMs (19). Since enrichment for V§1*
vd T cells was also seen in the absence of
infection, one explanation for this unex-
pected result may be the stochastic, local
expansion of tissue-resident clones by vir-
tue of their relative abundance (Figure 1B).
Whereas the proinflammatory microenvi-
ronment may cause unspecific bystander
activation of these cells, it is tempting to
speculate that novel mycobacterial anti-
gens could drive this local expansion.
These antigens may have remained undis-
covered because of the dominance of
phosphoantigen-responsive Vyovs2 cells
in the blood. To distinguish between these
two scenarios, defining the antigen speci-
ficity of this unique T cell subset will be of
pivotal importance.

Concluding remarks
Here, Ogongo and colleagues describe a
previously unappreciated population of
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unconventional T cells in Mtb-infected
human lungs (19). Future studies should
further characterize these pulmonary
V382 y3 T cells and include them in the
development of novel therapeutic and
vaccination strategies. Moreover, the
robust detection of DURTSs in the lungs
of Mtb-infected individuals encourages
further research into how we can harness
these specialized T cell subsets in the
fight against tuberculosis.
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