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Our laboratory investigates the immune tolerance mechanisms promoted by acute myeloid leukemia (AML). In a murine
AML model, we have observed that leukemia antigen-specific T cells are specifically deleted from the host, presumably
following interactions with immature host antigen-presenting cells (APCs). Ongoing work focuses on identifying APC
subsets that induce T-cell tolerance in AML as well as the precise mechanisms that underlie this phenomenon.

Although T cells can recognize tumor-
derived peptide antigens, the immune
system is rarely able to control the growth
of established malignancies, in part
because the tumor environment employs
a number of immune evasion mecha-
nisms which prevent either the generation
or execution of a productive antitumor
immune response. A growing number of
pathways whereby neoplastic cells escape
the immune system have been uncovered,
largely in the setting of solid tumors,
and include (1) loss of MHC expression
on malignant cells, (2) lack of T-cell co-
stimulation by cancer cells, promoting
T-cell anergy, (3) expression of inhibitory
receptors on tumor-infiltrating lympho-
cytes, (4) expansion of regulatory T cells
(Tregs) and myeloid-derived suppressor
cells (MDSCs) within the tumor envi-
ronment, and (5) tumor-mediated pro-
duction of immunosuppressive cytokines
and enzymes.'” While such immunosup-
pressive pathways have been well-char-
acterized in the context of solid tumors,
the mechanisms that modulate immune
responses against hemarological malig-
nancies, such as acute myeloid leukemia
(AML), have been less well explored and
are a primary focus of investigation in our
laboratory.

To characterize leukemia antigen-spe-
cific CD8* T-cell responses in hosts with

AML, our laboratory utilizes a trans-
plantable AML cell line (C1498 cells)
which has been engineered to express
the model SIY peptide antigen (C1498.
SIY cells). Several years ago, a straight-
forward experiment in which C1498.
SIY cells were inoculated either intrave-
nously (iv.) or subcutaneously (s.c.) into
syngeneic C57BL/6 mice led to a critical
observation.’ Vigorous SIY-specific CD8*
T-cell responses were generated in mice
following the inoculation of C1498.SIY
cells s.c. However, intravenous C1498.
SIY-cell inoculation resulted in very poor
CD8* T-cell activation. To determine
whether diminished T-cell responses fol-
lowing a systemic AML cell challenge
resulted from passive immunological
ignorance or active peripheral tolerance,
CD8* T-cell responses against the SIY
antigen were analyzed in mice receiving
an intravenous C1498.SIY cell challenge,
followed several days later by the inocu-
lation of C1498.SIY cells s.c. (referred to
as IV/SC challenge). If immunological
ignorance were occurring, the inocula-
tion of AML cells iv. should not impair
the generation of a functional T-cell
response against a subsequent subcutane-
ous challenge in the same animal. In fact,
significantly reduced SIY-specific T-cell
responses were observed in IV/SC AML
cell-challenged animals, indicating that
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the systemic inoculation of AML cells
induces T-cell tolerance.

T-cell tolerance in animals subjected to
an intravenous C1498.SIY cell challenge
was antigen-specific and did not depend
on Tregs or MDSCs’ T-cell receptor
transgenic CD8* T cells specific for the
SIY antigen (2C T cells) adoptively trans-
ferred into mice harboring C1498.STY cells
iv. failed to accumulate and demonstrated
defects in cytokine secretion, suggesting
that they were undergoing deletion. To
formally investigate T-cell deletion as a
peripheral tolerance mechanism in AML,
2C T cells were engineered to overexpress
the anti-apoptotic protein Bcl-X,® which
restored their ability to accumulate and
to produce effector cytokines in AML-
bearing hosts. These results confirmed
that T-cell deletion is a critical mechanism
of T-cell tolerance in this AML model.

Antigen presentation by immature
antigen-presenting cells (APC) can lead to
T-cell tolerance.” To investigate whether
host APCs were regulating T-cell dysfunc-
tion in mice bearing AML, we adminis-
tered an agonistic anti-CD40 antibody
to systemically active APCs in vivo.
This maneuver significantly enhanced
T-cell
mice with systemic AML and, more

leukemia-specific responses  in

impressively, prolonged the survival of
animals with established disease. These
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Figure 1. Model of peripheral T-cell tolerance induction in hosts with acute myeloid leukemia. (A) Acute myeloid leukemia (AML) cells introduced locally
into the host release danger signals as they die, resulting in the maturation of local antigen-presenting cells (APCs). Mature APCs can then cross-present

leukemia-derived antigens to T cells along with the proper co-stimulatory ligands necessary for complete T-cell activation. (B) However, when AML cells
are inoculated systemically, the relative degree of leukemia cell death at a given site is reduced. In this setting, APCs do not receive appropriate matura-

tion signals and though they are able to cross-present leukemia antigens, they do so in a context that results in T-cell deletion and/or anergy.

results indicated that not only were host
APCs mediating T-cell tolerance but also
their activation could restore functional
immune responses in AML-bearing hosts.

Initial evidence suggesting that hema-
tological cancers induce T-cell tolerance
came from experiments in the A20 lym-
phoma model.® Following the systemic
inoculation of A20 cells, antigen-specific
CD4* T cells failed to expand and pro-
duced low levels of effector cytokines
upon re-stimulation, consistent with an
anergic phenotype. The anergy of CD4*
T cells in this system was mediated by host
hematopoietic cells that presumably cross-
presented tumor-associated antigens. To
model T-cell responses against a leuke-
mia-associated antigen also expressed by
normal peripheral tissues, the Greenberg
lab utilized a transplantable AML cell line
(FBL cells) that expresses an immuno-
genic peptide derived from the retroviral
Gag protein.’ In this setting, Gag-specific
CDS8* T cells were found to be tolerized
in AML-bearing hosts in which the Gag
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antigen was also conditionally expressed
in the liver. CD8* T-cell

responses elicited by a leukemia-specific

However,

antigen have not previously been explored.
In the C1498 model, deletional tolerance
appeared to be a dominant mechanism
of immune evasion, which has not been
observed in other hematological cancer
models.

The death of malignant cells can cause
local inflammation and deliver “danger
signals” that promote APC maturation.
Mature APCs can then cross-present
tumor-associated antigens to initiate the
productive priming of tumor-specific
T cells.® However, it is interesting to
speculate that immunogenic cell death
may not occur to a similar degree in dis-
seminated leukemias as compared with
solid tumors, in which nutrients and oxy-
gen may be more limited. Also, because of
its natural growth pattern, danger signals
produced by dying AML cells may be less
concentrated. Therefore, dying AML cells
may not facilitate the maturation of APCs
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and hence prevent the proper priming of
adaptive immune responses (Fig. 1).

In conclusion, we have uncovered a
distinct mechanism through which AML
induces T-cell tolerance by promoting the
deletion of leukemia-specific CD8* T cells.
This phenomenon appears to be mediated
by APCs that cross-present tumor-associ-
ated antigens in a context that is unfavor-
able for T-cell activation. Ongoing research
in our laboratory is focused on identifying
the APC population(s) that actually medi-
ate immune tolerance to leukemia. We
speculate that either a particular type of
APC:s or the overall activation state of APC
in general may govern this phenomenon.
Further advances in our understanding of
how AML negatively regulates immune
responses may ultimately identify targets
for the development of efficient immuno-
therapies for leukemia patients.
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