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Regulatory T cells (Tregs), which are 
characterized by the expression of the 
transcription factor FOXP3, are essential 
regulators of immune responses to for-
eign, self and tumor-associated antigens. 
In several human cancers, the density of 
Tregs negatively correlates with disease 
outcome,1 suggesting that Tregs may play 
a functional role in modulating tumor 
progression. Moreover, Treg-depleting 
agents have been shown to enhance the 
efficacy of various immunotherapeutic 
regimens aimed at inducing antitumor 
immune responses, sparking considerable 
interest in the manipulation of Tregs in 
cancer patients.2 However, efforts to selec-
tively target tumor-associated Tregs have 
been hampered by a limited understand-
ing of the basic biology of these cells. In 
particular, it is largely unknown whether 
the Tregs enriched within tumor lesions 
are pre-existing, thymic-derived Tregs 
(tTregs) specific for self antigens, induced 
Tregs (iTregs) generated de novo within 
the tumor environment, or a mixture of 
both. It has been hypothesized that the 
tumor environment can drive the differ-
entiation of conventional CD4+ T (Tconv) 
cells reactive to tumor-associated antigens 
into iTregs,3 thereby promoting disease 
progression.
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In a recent study aimed at addressing 
these issues, we identified a monospecific 
Treg population, which we termed “MJ23” 
Tregs, that was recurrently enriched in 
oncogene-driven murine prostate tumors.4 
When seeded at low clonal frequency, 
MJ23 Tregs developed in the thymus, 
prior to exposure to the tumor environ-
ment, implying a thymic origin of these 
cells. Furthermore, MJ23 Tregs reacted to 
a prostate-associated antigen that was pres-
ent in both tumor-bearing and tumor-free 
male mice. Thus, the antigen recognized 
by MJ23 Tregs is not a unique “tumor-
specific” antigen generated by cancer-
associated mutations or post-translational 
modifications. These findings are con-
sistent with a model in which developing 
neoplasms do not drive the de novo conver-
sion of Tconv cells into iTregs in the tumor 
microenvironment, but instead recruit 
pre-existing tTregs specific for self antigens 
associated with the organs from which the 
neoplastic lesions originated (Fig. 1).

Unexpectedly, despite their reactiv-
ity against a prostate-associated antigen, 
MJ23 Tregs developed in the thymus 
of both male and female mice.4 Why 
would female mice generate Tregs spe-
cific for a prostate-associated antigen? To 
understand the mechanisms driving this 

process, we hypothesized that the devel-
opment of MJ23 Tregs would depend on 
autoimmune regulator (AIRE). AIRE is 
a transcriptional regulator that has been 
shown to induce the ectopic expression 
of peripheral tissue antigens by epithelial 
cells in the thymic medulla.5 Extensive 
evidence demonstrates that the AIRE-
driven display of peripheral tissue anti-
gens within the thymus promotes the 
deletion of thymocytes reacting to these 
antigens, thereby enforcing immune tol-
erance.5 However, a role for AIRE in the 
development of Tregs has not been pre-
viously established. The study of Treg 
development in Aire+/+ and Aire−/− mice 
demonstrated that AIRE is critical for the 
generation of both MJ23 Tregs and a sec-
ond specificity of tumor-associated Tregs 
analyzed in our study. These results pro-
vide direct evidence that AIRE is required 
for the thymic development of some tTreg 
populations. Thus, AIRE appears to serve 
a dual role in immune tolerance, driving 
the deletion of autoreactive thymocytes 
and promoting the development of some 
Treg specificities.

In the same study, we surveyed the 
T-cell receptor (TCR) repertoire expressed 
by polyclonal tumor-infiltrating Tregs 
and Tconv cells, obtaining 2 interesting 

Little is known about the relative contributions of self-specific regulatory T cells (Tregs) of thymic origin and induced 
Tregs generated extrathymically to the pool of tumor-infiltrating Tregs. We have recently demonstrated that thymic-
derived Tregs reactive to a prostate-associated self antigen are highly and recurrently enriched within oncogene-driven 
murine prostate cancers.
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Tconv cells and Tregs, suggesting that the 
generation of iTregs is negligible within 
the tumors examined.

The results of our study suggest that 
tTregs reactive to organ-specific self anti-
gens are preferentially enriched in murine 
prostate tumors. However, these findings 
do not exclude a potential role for iTregs 
within neoplastic lesions (Fig. 1). Recent 
work has demonstrated that iTregs play 
a critical function at mucosal sites that 
interface with the external environment, 
such as the lung and the colon.8 For can-
cers originating at these sites, the inflam-
matory environment may be permissive 
for the generation of iTregs specific for 
tumor-associated antigens as well as for 
the local recruitment of pre-existing 

interaction of Tconv cells and Tregs with 
distinct antigen-presenting cell types. 
In addition, the finding that the TCRs 
expressed by Tregs and Tconv cells within 
the tumor microenvironment are distinct 
has implications for our understanding 
of the developmental origin of tumor-
infiltrating Tregs. Indeed, if Tconv cell 
clones specific for tumor-associated anti-
gens differentiate into iTregs within the 
tumor microenvironment, then it is likely 
that these TCRs would be found in both 
Tconv and Treg subsets, reflecting a pre-
cursor-product relationship between these 
cell types. However, the TCR repertoire 
data from the studies discussed above4,6,7 
reveal a minimal overlap between the 
TCR repertoires of tumor-infiltrating 

results.4 First, several TCRs expressed by 
tumor-infiltrating Tregs were reproduc-
ibly observed in many neoplastic lesions, 
demonstrating that prostate tumors drive 
the recurrent enrichment of Tregs of 
selected specificities. Second, within a 
given prostate tumor, the TCRs expressed 
by Tregs were largely distinct from those 
expressed by Tconv cells. Similar findings 
have also been reported in mouse models 
of transplantable and carcinogen-induced 
tumors.6,7 These data suggest that the 
antigens recognized by Tregs within 
prostate tumors are different from those 
recognized by Tconv cells. It is currently 
unknown whether this reflects the recog-
nition of different antigens presented by 
the same antigen-presenting cells or the 

Figure 1. Origin of tumor-associated regulatory T cells. The relative contribution of thymic-derived regulatory T cells (tTregs) and induced Tregs 
(iTregs) of extrathymic origin to the immune infiltrate of neoplastic lesions is unknown. Here, a conceptual model is presented in which the contribu-
tion of tTregs and iTregs is strongly influenced by the organ of cancer origin. (A) In tumors originating within organs that lack an extensive mucosal 
interface with the external environment (such as prostate and breast carcinomas), tTregs reactive to (organ-specific or less restricted) self antigens may 
predominate. (B) In tumors developing within organs with extensive mucosal surfaces that are constitutively exposed to microbes or non-microbial 
foreign substances (such as colon and lung carcinomas), iTregs may play a more prevalent role. At these sites, the tumor microenvironment may 
promote the expansion of pre-existing iTregs specific for commensal or environmental antigens, or may be permissive for the differentiation of tumor-
specific conventional T (Tconv) cells into iTregs.
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iTregs reactive to antigens derived from 
commensal microorganisms.9 Further 
work is required to determine the relative 

contribution of tTregs and iTregs to the 
microenvironment of cancers originating 
at internal and mucosal sites (Fig. 1).
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