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Abstract
Impact Statement

This review will be helpful in understanding the
importance of the interleukin (IL)-33/Stimulation-2
(ST2) signaling pathway in immunotherapy and its
role in a wide range of diseases. Understanding the
relationship between IL-33/ST2 signaling and the
tumor microenvironment and Treg immunotherapy
is important, as it is undoubtedly a potential target
for immunotherapy and clinical diseases.

Interleukin (IL)-33 is a tissue-derived nuclear cytokine belonging to the IL-1 family.
Stimulation-2 (ST2) is the only known IL-33 receptor. ST2 signals mostly on
immune cells found within tissues, such as regulatory T cells (Treg cells), CD8+
T cells, and natural killer (NK) cells. Therefore, the IL-33/ST2 signaling pathway
is important in the immune system. IL-33 deficiency impairs Treg cell function.
ST2 signaling is also increased in active Treg cells, providing a new approach for
Treg-related immunotherapy. The IL-33/ST2 signaling pathway regulates multiple
immune-related cells by activating various intracellular kinases and factors in the
tumor microenvironment (TME). Here, we review the latest studies on the role of the
IL-33/ST2 signaling pathway in TME and Treg immunotherapy.
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Introduction

Regulatory T cells (Treg cells) are a T cell subset with immu-
nosuppressive functions. These cells are found in almost all
tissues and regulate several cell types involved in innate and
adaptive immunity. They inhibit the immune response in the
body, maintain immune balance, and prevent autoimmune
diseases. Treg cells are generated in the thymus and migrate
to peripheral tissues and organs. Treg cells have been shown
to inhibit the activation and proliferation of potential auto-
reactive T cells in normal environments, which influence
immunoregulation capability. Treg cells are characterized
by expression of forkhead box protein P3 (FOXP3). Since
their discovery in early 1995, Treg cells are marked by CD4*
CD25* FOXP3* status.!2 Treg cells can be divided into natu-
ral regulatory T cells (nTregs) and peripherally induced T
cells (pTregs). Expression of helios is a marker of nTregs that
distinguishes these cells from pTregs.?

Treg cells function through a variety of mechanisms:
direct inhibition or lysis of target cells; inhibition of antigen-
presenting cell maturation; secretion of anti-inflammatory
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cytokines, such as tumor growth factor (TGF)-p and interleu-
kin (IL)-10; and negative regulation of cell-surface receptors,
such as cytotoxic T lymphocyte antigen 4 (CTLA-4), CD39,
and CD73. Thus, they participate in the regulation of inflam-
mation and various immune diseases.* Treg cells form a
heterogeneous population, exhibiting different migratory
and immunomodulatory properties. They have shown
promise as therapeutic targets in the fields of inflammation,
tumor escape mechanisms, and immunotherapy.>¢ Immune
escape is one of the important causes of tumor development.
Treg cell numbers and functions are upregulated in tumors
and in the microenvironment, which further reinforce their
immunosuppressive effect in promoting tumor develop-
ment.® The use of immune checkpoint therapies has brought
new possibilities for tumor therapy, as these agents regulate
Treg cells in various ways to deplete or block Treg cells.”

As a member of the interleukin (IL)-1 family, IL-33 is
strongly expressed in endothelial cells, epithelial cells,
and fibroblasts, activating immune cells expressing the
Stimulation-2 (ST2) receptor, such as Treg cells, NK cells, and
CD8* T cells.8 IL-33 exerts its activity through a heterodimeric
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receptor consisting of its primary receptor ST2 and an acces-
sory receptor, the IL-1 receptor (IL1IRAP). IL-33 amplifies
Treg cells by inhibiting effector T cells, but also by inhibiting
the production of interferon (IFN)-y by CD8" T cells.” As a
proinflammatory factor, IL-33 mediates antitumor immune
activity through Th1l and NK cells and participates in a tumor
immune escape mechanisms through T helper (Th)2 and Treg
cells. IL-33 also promotes the activation of myeloid suppres-
sor cells (MDSCs), innate lymphoid cells (ILC)-2, CD8* T
cells, and dendritic cells (DCs).?12

ST2 is expressed more frequently in Treg cells than in
non-immune cells.’® There are three main subtypes of ST2:
ST2L (transmembrane type), sST2 (soluble type), and ST2V
(suppression of tumorigenicity 2-variant).!#!5 ST2L binds
to the alarmin IL-33 to trigger downstream signaling. sST2
negatively regulates the IL-33/ST2 signaling pathway by
acting as a decoy receptor to prevent IL-33/ST2L binding.!6”

In this review, we summarize the findings of recent
studies on the role of the IL-33/ST2 signaling pathway
in tumor microenvironment (TME) and Treg cell-related
immunotherapy.

The role of IL-33/ST2 signaling in the
tumor microenvironment

Effect of IL-33/ST2 signaling on Treg cells

As a proinflammatory factor, IL-33 expresses an antitumor
immune response through Th1 cells and NK cells, and plays
a role in the tumor immune escape mechanism through Th2
cells and Treg cells, promoting the activation of MDSCs,
intervening in ILC-2 cells, CD8* T cells, and DCs.!819 IL-33
is involved in maintaining FOXP3* Treg cell homeostasis
at mucosal sites and directly induces the proliferation of
FOXP3* Treg cells and enhances their immunosuppressive
capacity.?0?! At a steady state, ST2* Treg cells represent the
majority of ST2-expressing CD4" T cells. IL-33 is dispensable
for the production, maintenance, and tissue accumulation of
ST2+ Treg cells. Conventional mouse CD11c* DCs are stimu-
lated by IL-33. These cells then secrete IL-2, leading to selec-
tive amplification of ST2*-inhibitory CD4" FOXP3"* Treg.’
ST2* Treg cells inhibit CD4* T cell proliferation in vitro, inde-
pendently of IL-33, and this inhibitory capacity is mediated
partly by the enhanced production and activation of the anti-
inflammatory cytokines IL-10 and TGF-B.22 Moreover, IL-33/
ST2 signaling enhances the activity of GATA-3 and STATS,
and recruits GATA-3 and RNA polymerase II to the FOXP3
promoter and IL1RL1 sites. Thus, IL-33 not only indirectly
promotes FOXP3 production but also enhances the expres-
sion of its receptors.

IFN-y is secreted by CD4 Th1 and CD8 cytotoxic T cells,
which have a direct antiviral replication effect and are
important activators of macrophages. IFN-y expression is
downregulated in the TME. As a factor that affects Treg cell
function, IFN-y affects Treg cell function by making these
cells fragile, leading to the weakening of Treg function and
thus alleviating immune suppression and immune cell
function in the TME.? As early as 2008, IL-33 was found to
enhance antigen-dependent and antigen-independent T-cell
responses, including IL-5, IL-13, and IFN-y production. IL-33

Leietal. Role of IL-33/ST2 signal in TME and Treg

is a pleiotropic cytokine that acts similar to IL-18 under cer-
tain conditions, promoting IFN-y production and type 1
immunity.24%

According to the literature, in colonic Treg cells, IL-33/
ST2 signaling can promote the expression of FOXP3* and
promote the function of Treg cells by promoting TGF-p1-
mediated differentiation.?® At present, it remains unclear
whether FOXP3*+ promotes antitumor immune function
and combination therapy. A more in-depth understanding
of Treg cells is necessary.?”?8

A major hallmark of T-cell exhaustion is the enhanced
expression of multiple immune checkpoint proteins, includ-
ing programmed cell death protein 1 (PD-1), CTLA-4, lym-
phocyte activation gene-3 (LAG-3), T cell immunoglobulin
and ITIM domain (TIGIT), and T cell immunoglobulin-3
(TIM-3).% In the tumor-infiltrating environment, T cells
play a tumor-killing role, and a large number of Treg cells
infiltrate tumor tissues where they exert an immunosup-
pressive function. Tumor-infiltrating Treg cells are mostly
activated and rapidly reproduce. These cells express high
levels of cell surface molecules associated with T-cell acti-
vation, such as CD25, CTLA-4, PD-1, LAG3, TIGIT, ICOS,
and TNF receptor superfamily members, including 4-1BB,
0OX-40, and GITR (GRAPH]1).* Increasing evidence suggests
that the removal of Treg cells can induce and enhance antitu-
mor immune responses. However, the unselective removal
of large numbers of Treg cells may simultaneously trigger
harmful autoimmunity.3!

Effector Treg cells are the major cell type in tumor tis-
sues. These effector Treg cells specifically express various
cell surface molecules, including chemokine receptors, such
as CCR4. Blocking of candidate molecules on effector Treg
cells by using specific monoclonal antibodies is a potential
approach to ameliorate tumor progression. Furthermore,
CTLA-4 is strongly expressed on effector Treg cells, causing
active proliferation and apoptosis, and is used to control
their function specifically. Immune checkpoint therapy is a
rising research direction in cancer immunotherapy recently.
Targeting PD-1 and CTLA-4, which are expressed on Treg
cells, has resulted in a better outcome in cancer patients.
CTLA-4, which is expressed on tumor-infiltrating Treg cells,
downregulates the expression of antigen-presenting cells
and CD80/CD86 co-stimulatory molecules on DCs, thereby
preventing the activation of conventional T cells. Blocking
immune checkpoints, including CTLA-4 and PD-1, in vivo
has been shown to promote antitumor immunity by inhibit-
ing Treg cells and enhancing effector T-cell function. In the
TME, PD-1 is expressed on Treg cells and binds to PD-L1
expressed by tumor cells. This suppresses T-cell function,
aggravating immunosuppression and promoting cancer
development (Figure 1).3?

Effect of IL-33/ST2 signaling on angiogenesis in
the tumor microenvironment

Blood vessels are essential for tumor survival and develop-
ment. During the occurrence and development of tumors,
blood vessels supply large amounts of nutrients to the
tumors and ensure the continuous existence of the TME.3?
The TME consists of tumor cells, surrounding cells, and
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Figure 1. The figure shows the influence of IL-33/ST2 axis on Treg cells and surface molecules under normal physiological state and TME. In physiological state,
IL-33/ST2 mainly maintains the balance of ST2* Treg cells and maintains autoimmunity. In the TME, Treg cells surface molecular activity increased, such as CTLA-4
and PD-1. IL-33/ST2 may increase this risk and further enhance the number of Treg cells to inhibit T cell proliferation and activity (left). Inhibition of IL-33/ST2 axis and
surface molecules could restore the number and activity of some T cells (right). (A color version of this figure is available in the online journal.)

secreted factors. Different TMEs have different backgrounds;
therefore, 1L-33/ST2 signaling may play various roles in
tumor angiogenesis. IL-33 is a potent endothelial activator
in blood vessels that promotes angiogenesis and vascular
permeability. IL-33 regulates angiogenesis by promoting
endothelial cell proliferation, differentiation, and morpho-
logical changes. These effects are inhibited by ST2 deficiency
in vivo. In addition, IL-33/ST2 signaling increases endothe-
lial permeability, downregulates occludin and VE-cadherin
expression at mRNA level, and increases ICAM-1 expres-
sion. IL-33/ST2 signaling specifically disrupts the stability
of the endothelial barrier, affects angiogenesis, and plays an
important role in the TME.33-3¢

Effect of IL-33/ST2 signaling on natural killer cells
in the tumor microenvironment

CD8" T and natural killer (NK) cells are effective tumor-
killing cells. In the TME, the number of these cells is reduced
and their functions are inhibited, leading to aggressive
tumor proliferation and progression.®” IL-33/ST2 signaling
can activate and recruit NK cells into the TME to clear tumor
cells effectively and to reconstruct the microenvironment
further.3® IL-33/ST2 signaling is closely associated with NK
cells and can induce NK cells to produce IFN-y and release
perforin and granzymes to kill tumor cells. IL-33 /ST2 signal-
ing can also enhance the function of CD8* T cells and other
immune-related cells, such as eosinophils and polarized
T cells, induce the microenvironment, and support tumor
regression.?%-43 In IL-33-deficient mice, the number of NK
cells is increased, indicating that disrupting the interaction

between the IL-33/ST2 signaling pathway and Treg cells
can significantly increase infiltration by NK cells.* Different
amounts of IL-33 in the microenvironment have differ-
ent effects. Low levels of IL-33 lead to immune tolerance,
whereas high levels of IL-33 can enhance CD8" T-cell func-
tions. It can also be used as an immune adjuvant to enhance
responses to vaccination.345

Treg cells in immunotherapy

Treg cells are considered important in tumor immune
escape. These cells accumulate in large numbers in the TME.
Different tumor types have different immunosuppressive
microenvironments.34¢ Tregs are necessary for maintain-
ing immune homeostasis and preventing autoimmune dis-
eases in humans. Different subsets of Treg cells are involved
in different responses and are necessary to understand the
molecular pathways through which Treg cells operate in
order to use these different pathways and responses to pro-
mote cancer immunotherapy.—8

Immunotherapeutic effect of IL-10 on Treg cells

Treg cells alter the status of antitumor immune cells and
affect tumor immune cell infiltration in the TME, which is
a condition for tumor growth.* Many factors can affect the
differentiation of Treg cells.*$% IL-10 is a multifunctional
factor that regulates the growth and differentiation of B, T,
NK, and Treg cells.?! Treg cells deficient in IL-10 receptors
cannot maintain FOXP3 expression and have significantly
downregulated expression of FOXP3-related factors, such



as IFN-y and other proinflammatory factors. These results
indicate that IL-10 may act directly on Treg cells to promote
their accumulation in the TME.5? IL-10 is an important medi-
ator of Treg cell-related immunity and regulates antitumor
immune functions via IL-35. The loss of these two cytokines
is restricted by Treg cells and has different effects on the
TME. IL-10 is more important in limiting effector functions
and proliferation, whereas IL-35 appears to limit memory
T-cell differentiation. B lymphocyte-induced maturation pro-
tein 1 (BLIMP1) is a regulator of the terminal differentiation
of T and B cells. IL-10 regulates BLIMP1 directly to affect the
immune capacity of Treg cells.® In addition, IL-10 can regu-
late the effects of other targets of Treg immunotherapy, such
as Th17 differentiation and STAT3 signaling.5+5%

Therefore, IL-10 is a promising therapeutic target for Treg-
based immunotherapy.

Effect of immune blockers on Treg cell
immunotherapy

CTLA-4 plays a key role in T-cell-mediated immune tol-
erance. Blockade of CTLA-4 delays autoimmune diseases
or downregulates the immunosuppressive effects of Treg
cells.56-%8 Traditionally, it has been thought that CTLA-4 and
B7 interact to restrict the activation of naive T cells in lym-
phatic organs, leading to the failure of effector T cells in the
TME.» However, this finding conflicts with recent studies
claiming that binding of B7 to CTLA-4 may not be help-
ful in tumor immunotherapy.®’ As a co-inhibitory molecule,
CTLA-4 negatively regulates T-cell activation. Blocking
CTLA-4 can enhance activated T-cell signaling to achieve
tumor immunotherapy.®%2 It seems that no single immune
blocker can currently address the requirements for immu-
notherapy. At present, combined therapy is commonly used
to control the development of cancer, such as the combi-
nation of PD-1 and CTLA-4 blockers, and the blockade of
CTLA-4 and the IL15/IL15Ra complex can kill tumor cells
by enhancing the activity of NK cells.®> Combination ther-
apy increases toxicity, including diarrhea, colitis, hepatitis,
and endocrine diseases, and also improves therapeutic out-
comes.®% In addition, Treg cells can develop resistance to
immune checkpoint inhibitors, which may be due to changes
in the TME that reduce the efficacy of immune checkpoint
inhibitors. For example, some tumors produce more anti-
gens that enhance Treg cell function and mediate immune
escape.%%” Thus, further improvement of potential combina-
tion therapies is needed.

Effect of Th17 cells on Treg cell inmunotherapy

The balance between Th17 and Treg cells is an important fac-
tor in immune homeostasis. Th17 cells not only participate
in the host defense against pathogens, but are also involved
in autoimmune diseases and cancer.®®% Th17 cells differen-
tiate from naive CD4* T cells and secrete IL-17. Th17 cells
play multiple roles in inflammation, infection, and immune
balance.” Both Treg and Th17 cells differentiate from naive
CD4* T cells, but have opposite functions. Th17 cells are
involved in inflammation, autoimmunity, and cancer,
whereas Treg cells inhibit immune responses. Previous stud-
ies have shown that TGF-f, IL-6, and IL-1p are important
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factors associated with Th17 cell differentiation.”® Treg cells
can express IL-10, TGF-f, and other factors.”? The immuno-
suppressive ability of Tregs is regulated by promoting or
inhibiting the differentiation of Th17 cells, which play an
important role in autoimmune diseases, cancer immuno-
therapy, and immune homeostasis.®®” Recent studies have
shown that regulating the balance between Th17 cells and
Treg cells can lead to effective treatments, such as using
bone marrow mesenchymal stem cells (BMSCs) to balance
Th17 and Treg cells through the FOXP3/RORyt pathway
in chronic regenerative anemia.”* An increasing number of
clinical studies have focused on the effects of the Th17/Treg
axis on inflammation, autoimmunity, and cancer therapy,
and its role in conditions such as systemic lupus erythemato-
sus disease.” The results of those studies indicated that Th17
cells are important factors in Treg immunotherapy.

Immune-associated role of IL-33/ST2 in the TME
and Treg cells

Increasing evidence suggests that the IL-33/ST2 axis in Treg
cells is one of the key pathways responsible for preferential
accumulation of Treg cells in the TME. Proliferation-related,
immunosuppression-related, and cytokine/chemokine
receptor genes are upregulated in tumor-infiltrating Treg
cells, suggesting that the IL-33/ST2 axis may be a potential
therapeutic target for cancer immunotherapy.”® As a nega-
tive regulator, soluble ST2 suppresses tumor growth and
metastasis by inhibiting IL-33-induced angiogenesis, Th1l
and Th2 immunoreactivity, macrophage infiltration, and
M2 polarization. IL-33-deficient Treg cells exhibit attenuated
inhibitory abilities in vivo and promote tumor regression in
an ST2-independent manner.® In a murine pancreatic cancer
model, cancer cell-derived sST2 enhanced tumor growth
by upregulating CXCL3 via IL-33/ST2L signaling in the
microenvironment of pancreatic cancer. These results sug-
gest that sST2 and CXCL3/CXCR2 could be considered as
therapeutic targets.”” Studies on IL-33 in a murine breast can-
cer model showed that loss of ST2 in BALB/c mice decreases
tumor growth and metastasis, accompanied by increased
serum levels of cytokines such as IFN-y, TNF-B, IL-17, and
IL-4.787° The 1L-33/ST2 signaling pathway controls com-
plex cytokine-related pathways in the TME, with direct or
indirect effects on Treg cells, such as enhancing blocking of
ST2* Treg cell proliferation by IFN-y and IL-33. ST2 is con-
stitutively expressed in Treg cells, depending on the tissue
and disease type. IL-33/ST2 recruits Treg cells to the TME
and activates their immunosuppressive function, support-
ing tumor immune escape and favoring tumor growth.8
The interaction of other chemokine receptors on Treg cells
with chemokines in tumors, such as CCR4 and CCL12, CCR4
and CCL17, CCR10 and CCL28, and CXCR4 and CXCL1,
has been reported to be involved in the recruitment of Treg
cells to tumors.?’ In esophageal squamous cell carcinoma,
IL-33 stimulates CCL2 production by involving TGF-$ for
recruitment by Treg cells.8! For antibody-mediated killing
of tumor-infiltrating Treg cells, surface molecules that are
specifically expressed on tumor Treg cells or are expressed at
much higher levels in tumor Treg cells than on other T cells
are good targets. These markers include the aforementioned



1814 Experimental Biology and Medicine

T helper cell molecules, such as CD25, CTLA-4, GITR, 4-1BB,
OX-40, LAGS3, TIGIT, CCR4, and CCRS.

In short, there are similarities between targeting the
IL-33/ST2 axis or Treg cells. Differential molecular expres-
sion and phenotypes play a unique role in cancer immuno-
therapy. Immunotherapy using targeted molecules should
be further investigated.

Colorectal cancer

Epigenetic reprogramming of IL-33/ST2 in the TME is an
important factor in maintaining the TME. Genetic defects in
IL33 have shown benefits to immune efficacy.®

Colorectal cancer (CRC) is a life-threatening condition.
FOXP3* Treg cells have been shown to play a limited and
complex role in CRC through heterogeneity in both func-
tional and genetic phenotypes.®? In addition, the expression
of IL-33/ST2 increases the activation of FOXP3* Treg cells
in CRC. Tumor-infiltrating Treg cells preferentially express
increased levels of ST2. The IL-33/ST2 signaling pathway is
proportional to the number of tumors. Pathological analysis
has shown that the increase in ST2-positive cells is related
to the accumulation of Treg cells in the CRC microenvi-
ronment.!38384 Interestingly, IL-33/ST2 signaling not only
promotes the development of CRC but also inhibits its pro-
gression by inducing IFNG expression through NF-«B.8?
IL-33 has been shown to play dual roles in CRC; however,
its exact mechanism of action remains unknown.86

Acute myeloid leukemia

The IL-33/ST2 signaling pathway is also associated with
hematologic malignancies.®” The most common abnormality
in acute myeloid leukemia (AML) is the inversion of chro-
mosome 16, resulting in the fusion gene CBFB-MYH11.88%
Recent studies have shown that IL-33/ST2 is dynamically
increased in CBFB-MYH11" leukemia cells, promoting their
survival. IL1IRL1, a key transcription factor for ST2, may
be an important regulator of CBFB-MYH11* LSCs.* AML
exhibits a variety of immunosuppressive activities, such as
the upregulation of Treg cells and of PD-1. IL-33/ST2 signal-
ing promotes the effects of PD-1 blockers, further improving
immunotherapeutic efficacy.”!%>2 PD-L1 in the TME increases
FOXP3 expression and thus its immunosuppressive effects.”
The combination of PD-L1 blockade and targeting of the
IL-33/5T2 signaling pathway in the TME greatly reduces the
infiltration of Treg cells and constitutes a potential immuno-
therapeutic strategy.” Targeting the IL-33/ST2 pathway has
been explored in AML and has a robust rationale in related
fields.%

Gastric cancer

Gastric cancer (GC) is a serious disease with high morbidity
and mortality rates. The IL-33/ST2 signaling pathway also
plays an important role in gastric cancer progression.?®9”
Recent studies have shown that the levels of ST2, soluble ST2,
and the ST2V subtype are significantly reduced in cancer tis-
sues as compared to noncancerous tissues in GC patients. The
expression of ST2 in GC tissues was found to be significantly
lower than that in adjacent tissues, suggesting that reduced
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expression of ST2 is related to the occurrence and develop-
ment of GC. Thus, ST2 may be a potential molecular marker
of GC development.”® IL-33 stimulates mast cells in the GC
TME to produce IL-11, which is necessary for the growth and
development of GC. Inhibition of the IL-33/ST2 signaling
pathway restricts tumor growth and reduces the production
and release of the mast cell-dependent macrophage attract-
ants CSF-2, CCL-3, and IL-6. Tumor-derived IL-33 triggers
a mast cell-macrophage-dependent signaling cascade, sug-
gesting the potential value of IL-33 in GC treatment.” Treg
cells are also involved in the complex TME of GC. Recent
studies have shown that the number of CD4* FOXP3" Treg
cells is positively correlated with the expression of FOXM-1
and Ki-67, which are related to immunosuppression in GC.1%
The formation of a complex TME, including CD4+*/CD8" T
cells and FOXP3* Treg cells, ultimately affects the progres-
sion and survival of GC.1%! In summary, the IL-33/ST2 sign-
aling pathway triggers mast cells to produce IL-11, which
induces the occurrence and development of GC. Gastric mast
cells also produce PD-L1 to enhance the immunosuppressive
ability of Treg cells. Inhibition of the IL-33/ST2 pathway may
further enhance the clinical efficacy of immune checkpoint
therapy for GC.

Discussion

The components of the microenvironments of different
tumors are complex but closely related. The IL-33/ST2 path-
way not only promotes the occurrence and development of
tumors but also inhibits related activities. The regulatory
effects of Treg cells are context-dependent. Different con-
texts are related to different regulatory functions, such as
promotion of M2 macrophage differentiation, changed epi-
genetic reprogramming of IFN-y, and other factors that can
accelerate tumor growth. The IL-33/ST2 signaling pathway
regulates Treg cell function and thus plays a role in tumor
inhibition. Recent studies have shown that IL-33 induces
the transformation of tumor cells into polyploid giant cells
in the TME, directly or indirectly promoting tumor metasta-
sis and development. These data suggest that IL-33 is a key
driver of drug resistance in tumors.!% The IL-33 /ST2 signal-
ing pathway not only regulates a variety of immune cells
but also changes the diversity of Treg cells, which is one of
the important pathways causing Treg cell enrichment in the
TME. 56103104 In addition to immunosuppressive Treg cells,
IL-33/ST2 signaling can recruit other immune cells, such
as NK and CD8* T cells, to reconstruct the TME. This can
block tumor angiogenesis to prevent tumors from absorbing
nutrients.

Treg cells are important factors in maintaining the
immune balance and accumulate in large quantities in the
TME and relevant target tissues. The IL-33/ST2 signaling
pathway can promote TGF-B1-mediated Treg differentia-
tion, stimulate DCs to secrete IL-2, and selectively amplify
ST2* Treg cells.?¢ An increasing number of studies have
focused on the genes, functions, and phenotypes of Treg
cell per se.!% Previous studies have shown that ILC-2 also
regulate Treg cell activity through amphiregulin. IL-33 has
been reported to promote the tumor-promoting activity of
ILC-2.196107 The functional expression of Treg cells is affected



by various components of the TME, including IL-10 and
Th17 cells. IL-10 regulates the proliferation and differentia-
tion of immune-related cells and affects immune functions.
IL-10 can directly regulate BLIMP1 to affect the immune
function of Treg cells. The combination of IL-10 and IL-35
promotes tumor regression by affecting proliferation and
differentiation. IL-10 mediates the differentiation of Th17
cells, which are important factors in immune homeostasis
and are involved in immune regulation, cancer progression,
and inflammation. Th17 cells enhance immunity and achieve
therapeutic effects through the balance with Treg cell path-
ways. The functions of Th17 cells in autoimmune diseases,
immune disorders, and cancers have been widely studied.

Many studies have focused on the inseparable relation-
ship between the IL-33/ST2 signaling pathway and Treg
cells. IL-33/ST2 signaling regulates various immune cells
and inflammatory cytokines. It is associated with many
immune system diseases by suppressing or promoting
immune functions.

Blocking IL-33 and its pathway exerts antitumor effects.
IL-33/ST2 signaling is not only a downstream signal for
immunotherapy but also a target for tumor therapy.'® There
are many links between IL-33/ST2 signaling and Treg cells.
Studies have focused on indirect inhibition of the TME by
MDSCs or on protumor effects by increasing Treg cells by
promoting IL-2 secretion.®19110 [1-33/ST2 signaling pro-
motes FOXP3 expression and enhances Treg cell function in
some contexts. The IL-33/ST2 signaling pathway can also
regulate other genes to enhance or inhibit the expression of
related genes. In CRC, IL-33/ST2 signaling increases the acti-
vated phenotypes of FOXP3* Treg cells, increases Treg cell
accumulation in the TME, and impairs immune functions.
However, whether FOXP3 has antitumor effects requires
further investigation. In GC, tumor-derived IL-33/ST2
signaling triggers intracellular signaling cascades in mast
cells and macrophages. The IL-33/ST2 signaling pathway is
dynamically expressed in leukemia cells and promotes their
survival. Epigenetic reprogramming is a difficult aspect of
treatment that warrants further study.

The development of different treatment modalities accord-
ing to different tumor backgrounds, identification of common
cancer treatment targets against common backgrounds, and
investigation of signaling molecules or pathways associated
with key factors are still ongoing. In future studies, more
associations and roles of the IL-33/ST2 signaling pathway
and Treg cells in the TME are likely to be explored.
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