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Abstract

A dilemma in cancer immunology is that, although patients often develop active anti-tumor
immune responses, the tumor still outgrows. It has become clear that under the pressure of the
host’s immune system, cancer cells have adapted elaborate tactics to reduce their immunogenicity
(also known as immunoselection) and/or to actively suppress immune cells and promote immune
tolerance (also known as immunosubversion). In this issue of the European Journal of
Immunology, Dolen and Esendagli [Eur. J. Immunol. 2013. 43: 747-757] show that acute myeloid
leukemia (AML) cells develop an adaptive immune phenotype switching mechanism: In response
to attack by activated T cells, the leukemia cells quickly downregulate the T-cell costimulatory
ligand B7-H2 and reciprocally upregulate the coinhibitory ligands B7-H1 and B7-DC in order to
shut down T-cell activation via the PD-1 pathway. These novel findings and their relevance for
cancer immunotherapy, especially potential applications in PD-1 check-point blockade therapy are
discussed in this Commentary.

In order to avoid host immune detection and to suppress the host immune response, cancer
cells use immunoselection and immunosubversion tactics (reviewed in [1, 2]), often
downmodulating MHC and costimulatory molecules, while upregulating co-inhibitory
ligands (reviewed in [2]). B7-1 (CD80) and B7-2 (CD86) are the primary costimulatory
ligands that promote naive T-cell priming by engaging CD28 on the surface of T cells [3].
CTLA-4, a CD28 homolog expressed on activated T cells, attenuates T-cell responses upon
ligation of B7-1 and/or B7-2 which bind to CTLA-4 with higher affinity than to CD28 [4,
5]. B7-H2 (ICOSL), a B7-1/B7-2 homolog, expressed on antigen-presenting cells as well as
on peripheral tissues including vascular endothelial cells [6], also provides a strong
costimulatory signal through ICOS, which is expressed on activated T cells and follicular T
helper (T¢p,) cells [7-10]. Human, but not murine, B7-H2 was recently found to also bind
CD28 and CTLA-4 and to stimulate proliferation of human T cells through both the CD28
and ICOS pathways [11]. Interestingly, expression of the strongly-activating, costimulatory
molecules B7-2 and B7-H2 has been observed on acute myeloid leukemia (AML) cells [12—
14], which was not completely unexpected since myeloid cells naturally express these
ligands. It was surprising, however, that the expression of B7-2 and/or B7-H2 on AML cells
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was associated with poor prognosis by several independent studies [12, 13, 15]. How does a
tumor cell utilize and turn these immune stimulatory ligands to its favor and create a
suppressive environment? The study by Dolen and Esendagli [16] in this issue of the
European Journal of Immunology sheds some lights on the potential scheme deployed by
AML cells to trick and suppress the host immune system.

Dolen and Esendagli [16] adopted a conditioned myeloid leukemia cell line, HL-60, as an in
vitro model system resembling AML, with the cell line displaying B7-2 and B7-H2 surface
expression. PMA-treated HL-60 cells were able to act as costimulators driving CD4* T-cell
proliferation and production of cytokines associated with Thl and Th17 cells, in the
presence of a suboptimal amount of a CD3 antibody mimicking the TCR signal. The
costimulation was largely contributed by the B7-2* HL-60 cells. The expression of
costimulatory molecules on leukemia cells thus appears to induce a strong initial T-cell
activation and might bring the cancer cells’ own demise. However, continuing the co-culture
with activated T cells, the leukemia cell line quickly changed its immune phenotype: it
upregulated B7-H1 and B7-DC, downregulated B7-H2, while maintained its B7-2 level. B7-
H1 (PD-L1) and B7-DC (PD-L2) are important inhibitory molecules that control the T-cell
response by engaging with PD-1 expressed on activated T cells [17-19]. PD-1 is not only
expressed on activated T cells but also on activated B and myeloid cells and thus regulates
both adaptive and innate immunity [20-22]. The negative regulatory function of the B7-H1/
PD-1 pathway has been exploited by tumors as evidenced by the overexpression of B7-H1
on many tumor types, including AML [23-25]. Importantly, the expression of B7-H1 has
been correlated with poor prognosis of numerous human malignancies e.g. renal cancer [26].
In addition, the B7-H1/PD-1 pathway has recently been identified to contribute to T-cell
exhaustion, a hypo-reactive T-cell condition observed in both cancer and chronic viral
infections [27]. Given that B7-H1 is known to be quickly induced in a variety of tissues and
cell types upon stimulation by proinflammatory cytokines secreted by activated T cells,
including interferons, the upregulation of B7-H1 on the AML cell line is thus likely a result
of cytokine stimulation, especially by IFN-y.

With the observed upregulation of the immune suppressive molecules B7-H1 and B7-DC,
and the reciprocal down-modulation of the immune costimulator B7-H2 on the cultured
leukemia cell line, Dolen and Esendagli [16] went on further to address whether these
adaptive changes by AML cells, upon exposure to activated T cells, provide an immune
evasion mechanism for leukemia cells. Indeed, when naive CD4* T cells were co-cultured
with the conditioned leukemia cells, subsequent T-cell activation and cytokine production
were dampened. Many of the resulting T cells after incubation with leukemia cells showed a
CD25* CD127~/1oW Tregcell phenotype. Expression of the PD-1 ligands (i.e. B7-H1 and B7-
DC) on the leukemia cells was critical for the cells’ inhibitory activity since inclusion of a
PD-1-Ig fusion protein largely abolished the suppression.

In their article, Dolen and Esendagli [16] describe a very intriguing observation revealing an
adaptive resistance mechanism employed by AML cells. Expression of costimulatory
ligands such as B7-2 and B7-H2, on AML cells supports initial tumorspecific T-cell
expansion and cytokine production (Fig. 1). In response to the proinflammatory cytokines
secreted by the activated T cells, AML cells quickly upregulate B7-H1 and B7-DC, and
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downregulate B7-H2 to shut down subsequent T-cell activation. A recent study in melanoma
patients has established a strong association of tumor infiltrating lymphocytes (TILs) with
local B7-H1 expression on the tumor [28], indicating that the cancer cell upregulates B7-H1
in response to IFN-y released by TILs as an adaptive immune-resistance mechanism to
suppress local effector T-cell function. PD-1 blockade immunotherapy could thus be
especially effective in cases where the B7-H1/PD-1 inhibitory pathway is extensively
exploited by the tumor, such as AML cells described by Dolen and Esendagli [16]. A recent
exciting anti-PD-1 clinical trial reported objective responses in approximately one third of
late-stage melanoma, non-small cell lung carcinoma and renal cell carcinoma patients with a
durable response, indicating the formation of long-lasting lymphocyte memory [29].
Expression of tumor-associated B7-H1 prior to treatment seemed to correlate with the
favorable clinical response to anti-PD-1 therapy in a small patient cohort [30], suggesting
the potential use of tumor B7-H1 expression as a biomarker.

Nevertheless, several important issues remain to be addressed in future studies. B7-H2 is
known to be upregulated on APCs and peripheral tissues upon stimulation by TLR ligands
or proinflammatory cytokines. As a result, the mechanism underlying B7-H2
downregulation on leukemia cells upon co-culture with activated T cells needs to be further
elucidated. It also remains to be validated whether similar adaptive immune phenotype
changes will occur in vivo in AML cells from different patients, as observed in leukemia
cell lines in vitro, or in only a percentage of the cancer patients. Most importantly, the
results of the clinical response and phenotypic changes noted in the current ongoing anti-
PD-1 trials in leukemia should provide invaluable information about the dynamic
interactions of a fluid tumor and host immune system, and help inform the strategy to be
used to overcome tumor adaptive evasion.
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Figure 1.
Adaptive immune resistance of acute myeloid leukemia (AML). (A) AML cells express

costimulatory ligands B7-2 and B7-H2 and support an initial tumor specific T cell activation
and expansion by engaging CD28 and ICOS on T cells. Activated T cells release an array of
proinflammatory cytokines upon activation, including IFN-y and TNF-a, which in turn
upregulate B7-H1 and B7-DC on AML cells. Inhibitory receptors PD-1 and CTLA-4 are
also induced upon T cell activation. (B) In response to the immune attack by activated T
cell, AML cells quickly switch to an immune suppressive phenotype by downmodulating
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B7-H2 expression and upregulating PD-1 ligands, B7-H1 and B7-DC. The adaptive
phenotypic change triggers T cell coinhibitory signal through PD-1 pathway to shut down T
cell response.
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