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Breaking through the central tolerance ceiling
to unleash anticancer immune responses
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Central thymic tolerance mechanisms create a formidable barrier against the generation of self-reactive T cells. While
preventing autoimmunity, this barrier also limits an effective antitumor immunological response. We recently reported
that anti-RANKL blocking antibody breaches this central tolerance barrier, thus increasing the repertoire of melanoma
reactive T cells. Thus, central tolerance blockade may be an effective therapeutic strategy to enhance anticancer
immunity.

Cancer immunotherapeutic strategies
have, so far, largely targeted peripheral
(i.e., extrathymic) immune tolerance
mechanisms to augment T-cell immune
activation. A prime example is ipilimumab,
an IgG1 blocking antibody that targets the
immune checkpoint protein cytotoxic T
lymphocyte associated protein 4
(CTLA-4) on peripheral T cells. Although
ipilimumab is approved for use in
advanced melanoma patients, only a small
fraction of patients derive therapeutic ben-
efit.1 Thus, there is an urgent clinical need
to understand the mechanisms limiting the
effects of ipilimumab. One possible factor
that could account for the restricted effects
of ipilimumab may be the small pool of
available melanoma-reactive T cells in the
setting of intact central (i.e., thymic)
tolerance.

Central tolerance mechanisms are an
important safeguard in preventing T cell-
mediated autoimmunity and include the
negative selection of self-reactive effector
T cells within the thymus (reviewed in2).
Medullary thymic epithelial cells
(mTECs) play a critical role in thymic
negative selection by upregulating the
ectopic expression of a wide array of
tissue-specific self-antigens (TSAs), such
that developing T cells that recognize
these TSAs with high affinity undergo
clonal deletion. Within mature mTECs,
the transcription factor Autoimmune

Regulator (Aire) promotes ectopic expres-
sion of a subset of TSAs. The crucial role
of Aire in preventing autoimmunity is
clearly illustrated by the development of
spontaneous multi-organ autoimmunity
in Aire-deficient mice and humans. Aire-
expressing mTECs, are thus essential to
maintain immune tolerance toward self-
antigens.

In the course of preventing autoimmu-
nity, mTECs also simultaneously limit the
T-cell response against tumor antigens.
Many TSA’s expressed by mTECs are also
tumor antigens targeted by T cells during
an antitumor immune response. In the
human thymus, MAGE-A1, MAGE-A2,
MAGE–A3, NY-ESO, MART-1, tyrosi-
nase, and other tumor-associated antigens
are expressed by mTECs.3 We and others
have shown that ectopic expression of
melanoma antigens, including TRP-1 and
tyrosinase, by mTECs is under the control
of Aire,4,5 and Aire-regulated expression
of melanoma antigens promotes clonal
deletion of melanoma-reactive T cells in
the thymus (Fig. 1A).4 In Aire deficient
mice, decreased melanoma antigen expres-
sion rescues melanoma-reactive T cells
from clonal deletion and enhances mela-
noma immunity.4 Thus, Aire-mediated
expression of TSAs in mTECs, while criti-
cal in preventing autoimmunity, also
simultaneously limits the generation of T
cells important in the immune rejection of

cancer. These findings suggest that thera-
peutic strategies that break central toler-
ance may be key in enhancing antitumor
immunity.

mTEC cellularity is dependent upon
the signaling pathway of the tumor necro-
sis factor (TNF) family members RANK
and RANKL.6 Mice lacking RANKL have
decreased numbers of Aire-expressing
mTECs in the thymus, and forced expres-
sion of RANKL restores mTEC cellular-
ity.6 We recently reported that
administration of anti-RANKL antibody
transiently depletes >90% of Aire-
expressing mTECs in adult mice.7 In con-
trast, anti-RANKL antibody administra-
tion only modestly decreased cortical
thymic epithelial cells (cTECs) and imma-
ture mTECs, which suggests selective
depletion of mature Aire-expressing
mTECs. The lack of Aire-expressing
mTECs in anti-RANKL antibody-treated
mice is associated with reduced Aire-
dependent expression of melanoma anti-
gens and other TSAs in the thymus.7 As a
result, clonal deletion of T cells specific
for these TSAs is defective in anti-RANKL
antibody treated mice (Fig. 1B). In partic-
ular, anti-RANKL antibody administra-
tion results in decreased ectopic
expression of TRP-1 in mTECs and
defective negative selection of TRP-1 spe-
cific CD4C T cells,7 which have previ-
ously been shown to be sufficient for
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eradicating B16 melanoma tumors.8 As a
result, anti-RANKL antibody administra-
tion increases the pool of melanoma-
reactive T cells capable of mounting an
effective anti-melanoma immune response
and improves survival in mice challenged
with B16 melanoma. Anti-RANKL anti-
body therefore represents a therapeutic
means of breaking through the central tol-
erance barrier that limits an effective anti-
cancer immune response.

Because RANK and (or) RANKL are
expressed by multiple cancer cell types,
the decreased melanoma growth in anti-
RANKL antibody treated mice could
potentially be due to direct effects of anti-
RANKL antibody on melanoma cells
rather than through its effects on the
immune system. To exclude this possibil-
ity, we treated donor mice with anti-
RANKL antibody prior to transfer of
donor splenocytes into immunodeficient
recipients. In so doing, the effects of

antibody treatment are confined to the
transferred immune cells without affecting
melanoma cells implanted in the recipi-
ents. Anti-RANKL antibody treatment of
donor mice increased recipient survival in
response to melanoma challenge, consis-
tent with an important role for anti-
RANKL antibody in modulating the
melanoma targeting immune response.

In sum, our findings point to central
tolerance blockade with anti-RANKL
antibody as an efficacious immunothera-
peutic strategy in the treatment of mela-
noma. A number of questions remain to
be addressed regarding the effects of anti-
RANKL antibody. First, it is well recog-
nized that the thymus involutes with age;
thus whether anti-RANKL antibody will
be equally effective in older animals
remains to be determined. Furthermore,
the antigen specificity of T cells generated
by the thymus is age-dependent.9 There-
fore, whether melanoma-reactive T cells

continue to be generated in older mice
requires clarification. Second, whether
anti-RANKL antibody treatment will
result in autoimmune side effects is not
known. Transplantation of RANK-
deficient thymic stroma into athymic
nude mice resulted in autoimmune liver
disease, weight loss, and diarrhea.10

Although overt autoimmunity was not
seen in anti-RANKL antibody treated
mice in our studies, mice were followed
for a relatively short duration following
treatment. Thus following mice treated
with anti-RANKL antibody for a longer
time course is warranted. Third, the
potential efficacy of anti-RANKL anti-
body in other tumor types remains to be
explored. Fourth, the mechanism by
which anti-RANKL antibody results in
decreased mTEC cellularity is not clear.
Previous work has suggested that RANK-
RANKL signaling is required for mature
mTEC proliferation, which suggests that
anti-RANKL antibody may function to
block cell division.6 An alternative possi-
bility is that RANK-RANKL provides a
necessary survival signal in adult mice,
and anti-RANKL antibody administration
results in mTEC apoptosis. Fifth, anti-
RANKL antibody (denosumab) is cur-
rently approved by the FDA for use in
osteoporosis and other bone-related dis-
eases in humans. Whether denosumab has
similar effects on mTECs in humans
remains to be explored. Finally, the com-
binatorial effects of central tolerance
blockade with currently available agents
that block peripheral tolerance (e.g., ipili-
mumab) remains to be determined.
The potential synergism between anti-
RANKL antibody and ipilimumab is
an exciting possibility that necessitates
further investigation. These studies will
provide a framework for the potential
use of central tolerance blockade for
cancer immunotherapy.
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