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SYNERGISM OF PDL/PD1 AND IL33/ST2 AXIS
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ABSTRACT

When it comes to tumor immunology, understanding of
molecular pathways is rather important. During oncogenesis,
many molecules should be taken in consideration altogether
in context of a single malignancy. It is of a great significance to
determine whether these molecules act synergistically or con-
trary, whether to understand a malignant disease more thor-
oughly, or even more important, to reveal new approaches of
therapy. In this review, we discuss whether and how IL-33/ST2
and PD-1/PDL axis involve in antitumor immunity.
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INTRODUCTION

In terms of tumor immunology (oncology), there are
myriad of molecules that participate in process of malig-
nant transformation of a cell. Many of these intertwine to
breed or to restrain oncogenesis. In order to find better
and new treatment of a malignant disease, it is important
to understand how cancers grow, metastasize and triumph
over immune response. During this process, many mol-
ecules should be taken in consideration altogether in con-
text of a single malignancy. It is of a great significance to
determine whether these molecules act synergistically or
contrary — especially when it comes to new approaches of
therapy. In this review, we will try to summarize current
data on two molecules that are well known in tumor im-
munology - IL-33 and PD-1.
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SAZETAK

U tumorskoj imunologiji, molekularni signalni putevi
mogu biti veoma vazni. U toku nastajanja tumora, treba
razmatrati veliki broj molekula u okviru jedne maligne bo-
lesti. Od velike je vaznosti utvrditi da li ti molekuli deluju
sinergisticki ili ne, bilo da se radi o boljem poznavanju bi-
ologije odredenog tumora, ili, jos vaznije, otkrivanju novih
terapisjkih pristupa. U ovom preglednom clanku, mi raz-
matramo da li i kako IL-33/ST2 i PD-1/PDL signalni putevi
uti¢u na antitumorsku imunost.

Kljucne reci: IL-33, PD- 1, tumor, antitumorska imunost

INTERLEUKIN-33

Interleukin-33 (IL-33) is a member of the IL-1 family of
cytokines, which includes many cytokines, such as IL-1a
and f, IL-18, IL-36a, B, y, IL-37, IL-38. They share simi-
lar signaling molecules, like MyD88 adaptor, IL-1 receptor
(IL-1R1) and IL-1 receptor accessory protein (IL-1RAcP)
(1,2). However, in contrast to other IL-1 family cytokines,
IL-33 may function as a cytokine, as alarmin, or as a nucle-
ar factor which modulates expression of many genes, espe-
cially NF-«xB (3, 4). Expression of IL-33 has been found in
a variety of tissues, including stomach, lung and prostate;
however, in contrast to other family members that are ex-
pressed predominantly in immune cells, IL-33 can be ex-
pressed in endothelial cells, epithelial cells and fibroblasts
(5, 6). IL-33 plays an important role in tissue repair, allergy,
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autoimmune disease, infectious disease, and cancer. These
roles are carried out through its receptor, Suppressor of
Tumorigenicity 2 (ST2), which is broadly expressed on
immune cells, such as regulatory T cells (Treg), group 2
innate lymphoid cells (ILC2s), myeloid cells, cytotoxic NK
cells, Th2 cells, Th1 cells, and CD8* T cells (7).

ROLE OF INTERLEUKIN 33 IN BIOLOGY
OF TUMOR AND ANTITUMOR IMMUNITY

Having in mind these multiple functions and its versa-
tility of expression, the role of IL-33 has been investigated
in many areas of immune response, particularly in tumor
immunology. IL-33 can either stimulate or inhibit antitu-
mor immune response, depending on the type of tumor, or
tumor microenviroment (summarized in table 1).

It has been shown that exogenous IL-33 enhanced the
infiltration of CD4*, CD8* T cells and tumor antigen- spe-
cific CD8* T cells in established melanoma. Moreover, there
is significantly increased IFN-y production and KLRG1
expression in tumor-infiltrating CD8" T cells after applying
exogenous IL-33 (8-10). Main outcome of these changes
is enhancement of antitumor immune response. Also, in
a study conducted by Yang et al, it is shown that IL-33 ex-
pression is significantly lower in tumor tissue than adjacent
healthy pulmonary tissue. The expression was verified by
immunohistochemistry and PCR. IL-33 and its receptor,
ST2, are significantly down-regulated in pulmonary ad-
enocarcinoma compared to adjacent healthy lung tissues.
In addition, the level of IL.-33 protein in adenocarcinoma
inversely correlates with tumor grade and size. Moreover,
higher expression of IL-33 mRNA in tumor tissue corre-
lates with longer overall survival of patients suffering from
adenocarcinoma (11). In pulmonary adenocarcinoma, IL
-33 restores dendritic cells activation and maturation by
interacting with ST2 receptor on dendritic cells, induces
co-stimulatory molecule expression and in that way trig-
gers the type I antitumor immune responses by having a
direct effect on CD8* T cells and NK cells (12).

Other studies suggest protumorigenic role of IL-33. In
amouse model of 4T1 mammary carcinoma, in ST2” mice
decreased metastasis was observed. In our study, we have

Table 1. IL-33/ST2 axis in antitumor immunity

shown that in ST2” mice, tumor appearance is delayed and
the growth of primary tumor is slower. Moreover, ST2 de-
letion significantly decreased number of pulmonary me-
tastasis in ST27" mice compared to WT mice. Molecular
mechanisms underlying these differences are attributable
to higher numbers and efficacy of effector cells. Firstly,
ST?2 deletion increased total numbers of CD4* and CD8* T
cells. Secondly, cytotoxicity of both NK and CD8" T cells is
constitutively higher in ST-/- compared to WT mice (13).

In a mouse model of metastatic colorectal carcinoma,
similar results were obtained. When IL-33 was given along
with MC38 tumor cell line, higher incidence of liver metas-
tasis was detected, compared to MC38 tumors only. How-
ever, there were no differences concerning matrix metal-
loproteinases (MMPs) or lysil-oxidases (LOX), enzymes
that are important for tumor metastasis. As no morpho-
logical differences were observed, authors concluded that
increased metastatic potential is not attributed to cancers
cells only and its changed properties and it is rather a result
of other processes like enhanced angiogenesis. Also, there
are increased numbers of CD11b*F4/80* macrophages and
CD11b*Grl* MDSCs (14). In presence of signaling of IL-
33/ST2 axis, number of immunosuppressive cells in tumor
stroma increases (15, 16).

IL-33 promotes tumor growth through recruiting im-
munosuppressive cells, such as myeloid-derived suppres-
sor cells (MDSC) or Tregs. Also, IL-33 can stimulate type 2
of innate lymphoid cells, mast cells or alternatively activat-
ed macrophages (M2), favoring in that way type 2 immune
response, which is inefficient in tumor elimination (17, 18).
Some authors speculate that it is possible that the nuclear
localization of full-length IL-33 also have important role in
tumor genesis (19).

IL-33, as mentioned, can have both, antitumorigenic or
protumorigenic role. Dual and opponent role in genesis of
malignancies of a single molecule is yet to be clarified. It
has been speculated that downregulation of IL-33 in epi-
thelial cells can lead to development of a malignancy. In
the same way, upregulation of IL-33 in the tumor stroma
and serum can lead to inefficient tumor immune response.
IL-33 expression on tumor cell promotes type I antitumor
immune response through CD8* T cells and NK cells, and
thus makes tumor more immunogenic. On contrary, IL-

Cells Markers Study
1 CD8* T cell 11 IFN-y Jovanovic et al (2011)
11 IFN-y
Effects of blocking IL33/ST2 1 NK cells 11 CD11b Jovanovic et al (2011)
signaling 11 CD27
Tumor Ceus LIVEGE Milosavljevic et al (2015)
(mammary carcinoma)
MDSCs l Accumulathn in tumor micro- Xiao et al (2015)
enviroment
. . TIL-13 ,
Effects of IL33/ST2 signaling ILC2 +Th? response Liet al (2014)
11IL-10 ‘
Tregs 'TGEB Siede et al (2016)
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33 expression in tumor stroma facilitates immune sup-
pression via Tregs and MDSCs, so the tumor is less im-
munogenic and more prone to faster growth and higher
incidence of metastasis (20).

PROGRAMMED DEATH 1 MOLECULE

PD-1 (CD279) molecule was first discovered in 1992,
when it was thought to play important role in the process
of programmed death (hence the name - programmed
death 1, PD I). It was thought that all immune cells that
enter apoptosis synthesize de novo this protein, express it
on the outer membrane and undergo apoptosis (21). Since
then, blocking of PD-1 was studied regarding all aspects of
immune response, maybe most thoroughly in tumor im-
munology.

PD-1 molecule, along with CTLA-4, LAG-3, TIGIT,
TIM-3, inhibits activation of immune cells. These mole-
cules are referred to as checkpoint inhibitors (22). Many
cells express PD-1, such as CD4* T cells, CD8* T cells, B
cells, natural killer T cells, activated monocytes, dendrit-
ic cells, macrophages. In physiological circumstances, it
works as molecule that limits immune response and there-
fore prevents excessive tissue damage and protects from
autoimmunity (23-25). Also, PD-1 is highly expressed on
T cells that are exposed to antigens for a long time, which
makes it a marker of exhausted T cells (26, 27). PD-1 mol-
ecule structurally belongs to immunoglobulin family. It
contains one extracellular immunoglobulin domain and
two intracellular tyrosine-based signaling motifs- ITSM
(Immunoreceptor tyrosine-based Switch Motif) and ITIM
(Immunoreceptor tyrosine-based Inhibitory Motif). Upon
activation, these motifs dephosphorylate and inhibit many
signaling molecules and adaptor proteins that are crucial
for activation of T cells (28).

Expression of PD-1 is mainly induced by signals from
antigenic receptors of T cells (TCR) or B cells (BCR) dur-
ing immune cell activation, but many cytokines also induce
PD-1 activation, especially IL-2, IL-7, IL-15 and interfer-
ons (29, 30).

There are two known ligands for PD1: PD-L1 and PD-
L2. Both of them contain immunoglobulin-like extracel-
lular domains, similarly like B7 family of costimulators.
Although they have same function, PD-L1 and PD-L2 dif-
fer to some extent. PD-L1 inhibits T-cell function in pe-
ripheral tissues, whereas PD-L2 suppresses immune T-cell
activation in lymphoid organs. PD-L2 has a higher affin-
ity for PD-1. Also, unlike PD-L2, PD-L1 can bind to a co-
stimulator molecule, B7-1 (31). PD-L1 is constitutively ex-
pressed on many cell types - dendritic cells, macrophages,
myeloid cells, T cells, B cells, and few non - hematopoietic
cells (vascular endothelial cells, fibroblasts, epithelial cells,
neurons and even on some cells at sites of immune privi-
lege). PD-L2 is expressed on dendritic cells, macrophages,
peritoneal B1 B, memory B cells (32, 33). In spite of these
differs in sites of expression, both can be induced by cyto-

kines, such as IL-2, IL-7, IL-15, TNF-« and interferons,
especially IFN-y (34, 35, 36).

ROLE OF PD1/PDL AXIS IN ANTITUMOR
IMMUNITY

PD1/PDL axis suppresses immune responses, by block-
ing mainly T cells in effector phase. In that way, this axis
inhibits T cell proliferation and promotes anergy and
apoptosis of activated T cells (37). When PD1/PDL axis is
activated, it stops the function of CD8* and NK cells that
can be crucial for immune responses to tumors. It also po-
larizes CD4* lymphocytes to forming regulatory T cells,
and therefore creates immunosuppressive environment
suitable for arising all kinds of diseases, especially malig-
nant. Upon activation, this axis increases activation of a in-
doleamine-2,3-dioxygenase (IDO), enzyme that degrades
tryptophan, amino acid essential for normal function of
immune cells. When deprived of tryptophan, T cells tend
to become regulatory cells or remain inactivated (38). Even
if PD-1 or PDL expression is high on non — hematopoietic
cells, it can create immunosuppressive conditions, whether
by forming Tregs or inactivating effector cells. It is worth
mentioning that Tregs constitutively express higher levels
of PD-1; hence, once created, they tend to maintain immu-
nosuppressive conditions. Data from a study by Chen et al
suggest that CD4* T cells without PD-1 molecule have sig-
nificantly lower predisposition to become regulatory cells,
thus showing that formation of immunosuppressive cells
specific for tumor antigens is one of the main mechanisms
of PD1/PDL axis (39). Tumor cells can be induced to ex-
press ligands for PD1, depending on tumor microenviron-
ment. If anti tumor immune response is strong and there
are a lot of cytokines involved, such as IFN-y, TNF-a, PDL
expression increases. In that way, tumors acquire immune
resistance (40, 41).

ANTI PD-1/PD-L THERAPY

Having in mind all of the above mentioned conse-
quences of activation PD1/PDL axis, it is no wonder that
blocking of PD-1 or PDL is currently being considered
as a new, promising treatment for autoimmune diseases
and malignancies (42). Up to this day, there are five FDA
approved monoclonal antibodies that block PD1 or PDL
- nivolumab, pembrolizumab, atezolizumab, duvalumab,
avelumab. These are used for treatment of some malignan-
cies (renal cell carcinoma, urothelial carcinoma, Hodg-
kin lymphoma, hepatocellular carcinoma, head and neck
carcinoma, mismatch-repair colorectal carcinoma) since
2013 and are currently being investigated in many more
types of tumors (43).

Anti PD-1 or anti PD-L therapy improves anti tumor
immune response by enhancing life span and performance
of effector CD 8+ cells, NK cells, NKT cells and even den-
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Figure 1. Effect of anti-PD1 therapy. By blocking PDL/PD1 axis, effec-
tor cells (cytotoxic T cells, helper T cells, macrophages, etc) become more
efficient, have longer half life. Also, immunosuppressive cells are less gen-
erated. Overall result of these effects is enhanced antitumor response.

dritic cells (Figure 1). Result of these actions is instantly
restored adequate tumor immune response and its overall
augmentation (44). One of the good sides of anti PDL/PD1
therapy is certainly its possibility to be combined with oth-
er therapeutic drugs, especially other checkpoint inhibi-
tors, or even radiotherapy and surgery. These modalities of
treatment of a malignancy, when combined with anti PDL/
PD1 therapy show beneficial outcomes. (45-48).

COMBINED BLOCKADE OF IL33/ST2
AND PDL/PD1

Emphasis in treating malignancies is nowadays, with-
out doubt, immunotherapy. To define new or redefine
old protocols for treating a malignant disease, it would be
convenient to discover potential molecular pathways that
could act simultaneously in order to advance anti tumor
immune response or suppress tumor invasiveness. Data on
combining blockade of IL33/ST2 and PDL/PD1 are very
modest. Until now, there is only one study that examines
combined effect of these signaling pathways. In a mouse
model of acute myeloid leukemia, an immunogenic hema-
tological malignancy, application of exogenous IL-33 itself
delayed the onset of leukemia. IL-33 treatment increases
production of IFN-y and IFN-y producing CD8* T cells re-
sulting with more efficient immune response against leu-
kemia. Also, in these conditions, there are greater numbers
of active antigen-specific CD8* T cells. Unfortunately, with
higher production of IFN-y, it is possible and expected to
have higher expression of PDL1 or even PDI. So, even if
IL-33 overcomes peripheral tolerance to malignancy, it
also can form ideal circumstances for blocking immune re-
sponse through PDL/PD1 axis. When a checkpoint inhibi-
tor is added to this therapy, peripheral tolerance is more
thoroughly deprived. As expected, survival of mice that
received combined therapy was significantly higher (49).
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But what about non — immunogenic tumors? As
mentioned before, IL.-33 has diverce roles in develop-
ment of these tumors. Some authors agree that every
tumor can be immunogenic, i.e. there is always immune
response to tumors; but, in non-immunogenic tumors it
is rather impaired (50). Overcoming tolerance to tumors
by blocking PDL/PD1 axis on the other hand and mini-
mizing immunosuppressive circumstances via blocking
IL33/ST2 axis could potentially reveal new, individual-
ized and smarter approach to non — immunogenic ma-
lignant diseases.
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