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The pancreatic cancer microenvironment:
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Recent studies of human pancreatic cancer challenge the mouse model-derived notion that the pancreas is a site of
immune privilege. A heavy infiltration of CD8™ T cells expressing programmed cell death 1 (PD-1) and smaller numbers
of myeloid cells and regulatory T cells provides rationale for the clinical evaluation of immune checkpoint inhibition as a
pancreatic cancer therapeutic strategy.

Introduction

Pancreatic ductal adenocarcinoma
(PDA) is widely recognized as one of the
deadliest of human malignancies. Inflam-
mation appears to play a role in the patho-
genesis of PDA, and the evolving immune
response in the context of chronic inflam-
mation may facilitate subsequent invasion
and metastasis. Successful immunothera-
peutic approaches to the treatment of
PDA remain elusive. Therefore, develop-
ing a greater understanding of the immu-
nobiology of the disease is of critical
importance.

The most widely accepted paradigm
shaping immunotherapeutic approaches
for PDA suggests that pancreatic adeno-
carcinoma cells exist in an immune privi-
this
hypothesis is based upon data gleaned
from genetically engineered mouse mod-
els."”? Murine tumors have been found to

leged environment. Importantly,

recruit immunosuppressive myeloid cells
that inhibit T-cell infiltration and func-
tion, thus therapies that ultimately allow
effector T cells to infiltrate these tumors
lead to tumor regression. Depletion of
myeloid cells has therefore become a focus
of preclinical research and therapeutic
development.
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Is human PDA a site of immune
privilege?

Mouse models have dramatically
enhanced our understanding of the molec-
ular biology and stromal-epithelial inter-
actions in PDA;
publications have demonstrated that the

however, several
immune response in mice does not pre-
cisely parallel that of the human disease.
De Monte et al. previously used immuno-
histochemistry to analyze the expression
of the helper T cell-associated transcrip-
tion factors GATA-3, expressed by T
helper type 2 (Th2), and T-bet, preferen-
tially expressed by T helper type 1 (Thl),
to show that T cells heavily infiltrated
PDA tumors and that higher Th2:Thl
ratios were associated with worse survival.?
Furthermore, Ino et al. demonstrated that
PDA tumors are infiltrated by a combina-
tion of T cells and myeloid cells, and also
showed that determining the predominant
subtypes of each could provide prognostic
information.* Our recent in-depth charac-
immune infiltrate in
human PDA has demonstrated that it has
a robust T cell-predominant immune infil-
tration that appears to be attenuated by
several immunosuppressive mechanisms.’

terization of the

Using immunohistochemistry, we
found that T cells were distributed
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throughout the tumor microenvironment
and were often in contact with epithelial
Although CD11b"
myeloid cells were also found within the
tumors, their presence did not inhibit T-
cell infiltration. Since there were large
numbers of CD8" T cells, we used mul-

tiparameter flow cytometry of freshly dis-

carcinoma cells.’

aggregated tumors to gain insight into
the functional capacity of these cells. We
demonstrated that most CD8" tumor-
infiltrating T cells have a memory pheno-
type, based upon their expression of
CD45RO, and retain the capacity to pro-
duce interferon y (IFNw).” In fact, intra-
tumoral CD8" T cells were more likely
than peripheral blood CD8" T cells to
be positive for CD45RO or IFNYy. These
data from primary human PDA tumors
can reasonably be interpreted as a dem-
onstration that the pancreatic tumor
microenvironment is far from immune

privileged.

Pancreatic cancer follows the rules:
immune activation triggers
immunosuppressive mechanisms

FOXP3™ putative regulatory T cells
(Tregs) have previously been shown to
infiltrate PDA tumors,® and we confirmed
the presence of CD4TFOXP37CD25"
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CD127" Treg in our samples with flow
cytometry. The presence of Tregs in the
tumor microenvironment provided one
potential mechanism through which effec-
tor T cell function might be attenuated,
especially since FOXP3™ cells were signifi-
prevalent in

cantly more poorly

differentiated tumors that are known to
be associated with worse survival. Interest-
ingly, we found that a majority of the
intratumoral CD8" T cells expressed
high levels of the immune checkpoint
molecule  programmed death-1

(PDCD1, better PD-1),

cell
known as

providing an additional mechanism
through which T-cell activation may be
regulated by tumor cells or immuno-
suppressive myeloid cells. Since PD-1
expression has recently been shown to
identify antigen-specific, tumor reactive

CD8" T cells,” our findings suggest
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Figure 1. Human pancreatic cancer contains a complex immune infiltrate with both effector and regulatory elements. Based upon our findings, we
hypothesize that carcinoma-specific effector CD8" T cells present throughout the tumor produce interferon vy (IFNy) that drives immunosuppressive
counter-regulatory mechanisms by regulatory T cells (Tregs), myeloid cells, and carcinoma cells. Potential mechanisms of immunosuppression that may
serve as therapeutic targets include: 1) inhibition of T-cell activation by stimulation of the negative checkpoint regulatory molecule programmed cell
death 1 (PD-1) via binding to PD-1 ligands (PD-L1, PD-L2) expressed on cancer cells or myeloid cells; 2) malignant cell and myeloid cell production of the
enzyme indoleamine 2,3-dioxygenase (IDO), which catalyzes the breakdown of tryptophan (Trp) to kynurenine (Kyn); 3) chemokine-mediated recruit-
ment of regulatory T cells; 4) binding of additional T cell co-inhibitory receptors, such as T cell immunoglobulin mucin-3 (TIM-3), lymphocyte activation
gene-3 (LAG-3) to ligands displayed by carcinoma cells; 5) production of IL-10 and transforming growth factor B (TGFB) by Tregs.
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that PDA may be the target of a con-
certed immune response. Furthermore,
the production of IFNy by CD8"
T cells infiltrating pancreatic tumors
may drive adaptive immune resistance
mechanisms, as has been shown in mel-
. . 8’9
anoma immune escape (Fig. 1).

Neoadjuvant therapy selectively
ablates immunosuppressive cells

We hypothesized that successful multi-
modal neoadjuvant therapy would be
accompanied by alterations in the local
immune response that might serve to tip
the balance in favor of antitumor immu-
nity. Concordant with this hypothesis, we
found that tumors from patients undergo-
ing aggressive multidrug chemotherapy
followed by chemoradiotherapy prior to
surgical resection have dramatically lower
numbers of Tregs than do tumors from
untreated patients.” Myeloid cells and
CD8" T cells

were somewhat less
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Conclusions

Human PDA is infiltrated by large
numbers of potentally tumor-reactive
effector T cells that show evidence of prior
activation. Most of these cells express the
co-inhibitory molecule PD-1, however,
blockade of its ligand, PD-L1, was unsuc-
cessful in a small number of patients with
advanced stage PDA.'® The lack of
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clinical efficacy of PD-L1 blockade in
pancreatic cancer patients suggests that it
may be necessary to address the immuno-
suppressive effects of other PD-1 ligands
or block additional co-inhibitory path-
ways such as lymphocyte activation gene-3
(LAG-3) or T cell immunoglobulin
mucin-3 (TIM-3). Furthermore, tumor-
immune interactions in PDA liver metas-
tases may differ from those in primary
tumors. Our ongoing studies of human
tumors will address these questions, possi-
bly strengthening the rationale for
immune checkpoint blockade in combina-
tion with other measures to unleash local

immune responses against pancreatic

cancer.
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