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ABSTRACT. Interleukin-33 (IL-33), a key member of the IL-1 family, plays a significant role in inflammation and 
cancer. Its classic receptors, ST2 and IL-1 receptor accessory protein (IL-1RAcP), are predominantly expressed in 
immune cells such as T helper 2 (Th2) cells and mast cells. Recent studies have highlighted the involvement of IL-33 
in breast cancer, demonstrating its ability to exert dual functional effects by modulating both innate and adaptive 
immune responses within the tumour microenvironment. However, the precise molecular mechanisms linking IL-33 
to breast cancer pathogenesis and its potential as a target for molecularly targeted therapies remain incompletely 
understood. This review aims to provide a comprehensive summary of the current understanding of IL-33 in breast 
cancer immunotherapy.
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B reast cancer (BC) is the most common malig-
nancy among women worldwide, significantly 
impacting both physical and mental health [1]. 

Between 2015 and 2019, the incidence of BC increased 
at a rapid rate of 0.6%-1% per year, garnering wide-
spread attention [1]. According to the 2024 Global 
Cancer Statistics, BC accounts for approximately 2.3 
million new cases annually, placing a substantial disease 
burden on the global population [2]. Current BC treat-
ment strategies have evolved into a multimodal approach 
encompassing surgery, chemotherapy, endocrine ther-
apy, and targeted therapy to optimize therapeutic out-
comes [3, 4]. However, despite these advancements, BC 
mortality remains high, with recurrence and metastasis 
being the main contributors to poor prognosis [5]. Due 
to the striking heterogeneity and complex immune 
microenvironment of BC, as well as the presence of 
innate and acquired drug resistance, researchers are 
increasingly focusing on identifying novel immune tar-
gets to enhance therapeutic efficacy [6, 7]. 
The IL-33 gene is located on human chromosome 
9p24.1 (mouse chromosome 19qC1 region), and its 
mRNA encodes a 270-amino acid polypeptide (266 
amino acids in mice), which exerts diverse biological 
functions [8]. Structurally, IL-33 possesses unique dual 
features, including an N-terminal region with a nuclear 
localization signal and DNA-binding domains, a 
C-terminal region with IL-1-like cytokine domains, and 
a distinct helix-turn-helix motif in the middle [9, 10]. 

The primary receptors for IL-33 are specific receptor 2 
(ST2) and IL-1 receptor accessory protein (IL-1RAcP), 
which are mainly expressed by immune cells such as T 
helper 2 (Th2) cells and mast cells [11]. Upon receptor 
binding, IL-33 functions both as an extracellular alarm 
cytokine and an intracellular nuclear factor, contribut-
ing to tumour progression and drug resistance [12]. 
Accumulating evidence suggests that IL-33 levels are 
significantly elevated in the serum of BC patients, par-
ticularly in those with stage IV disease [12-15]. 
Moreover, several studies have demonstrated that IL-33 
inhibition enhances tumour immune surveillance and 
attenuates BC progression [15-17]. However, conflicting 
reports suggest that IL-33 overexpression within 
tumours can inhibit tumour growth and remodel the 
tumour microenvironment [18, 19]. Notably, Viana et 
al. [19, 20] observed that ST2 deletion in male mice led 
to increased BC growth, a finding that was inconsistent 
with the effects of ST2 deletion in female mice. Overall, 
IL-33 is predominantly regarded as an oncogenic 
cytokine that promotes BC progression and immune 
evasion. However, its precise role in pathogenesis and 
its potential as a target remain to be fully elucidated. 
In this review, we provide an overview of the mecha-
nisms of IL-33 in BC and summarize its potential for 
therapeutic targeting. We particularly focus on preclin-
ical studies exploring IL-33-based therapeutic 
combinations. 
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THE MECHANISTIC ROLE OF IL-33 IN BC

Type 2 immune responses
The type 2 immune response is primarily mediated by 
type 2 innate lymphoid cells (ILC2s) and Th2 cells, 
which help maintain immune homeostasis by secreting 
cytokines such as IL-4, IL-5, and IL-13 [21]. ILC2 acti-
vation is primarily driven by IL-25, IL-33, and thymic 
stromal lymphopoietin (TSLP) [22]. A study by Ophir 
et al. [23] demonstrated that IL-33 derived from can-
cer-associated fibroblasts can stimulate a type 2 immune 
response within the tumour microenvironment (TME), 
leading to the recruitment of eosinophils, neutrophils, 
and inflammatory monocytes to the lungs, ultimately 
promoting lung metastasis. Conversely, Hollande et al. 
[24] reported that IL-33 is essential for eosinophil-me-
diated anti-tumour responses and that targeting this 
pathway may provide new insights into synergistic 
chemoimmunotherapy strategies [25]. However, in a 
mouse model of BC lung metastasis, IL-33 was found 
to enhance TNF-α production by macrophages, leading 
to an increased expression of IL-33/ST2 on natural 
killer (NK) cells. IL-33-induced NK cell activation has 
been shown to facilitate eosinophil and CD8+ T cell 
accumulation in the lungs and to trigger the release of 
CCL5, promoting NK cell recruitment to the tumour 
microenvironment. The administration of different 
doses of recombinant human (rh) IL-33 inhibited the 
progression of advanced pulmonary metastatic BC in 
one study [19]. These findings suggest that the thera-
peutic implications of IL-33 inhibition in advanced 
metastatic BC are complex and require further 
investigation.

Type 1 immune responses
The type 1 immune response is mediated by type 1 
innate lymphoid cells, NK cells, CD8+ cytotoxic T cells 
(CTLs), and type 1 CD4+ T helper (Th1) cells. These 
cells produce IFN-γ, which activates mononuclear 
phagocytes, thereby exerting immune functions [26]. 
Recent studies suggest that IL-33 supplementation can 
promote intratumoral eosinophil infiltration and CD8+ 
T cell activation, thereby enhancing the response to 
immune checkpoint blockade therapy. Interestingly, 
IL-33 has been identified as a key cytokine that drives 
CD4+ T cell activation through IL-5, leading to eosin-
ophil recruitment and CD8+ T cell activation [27]. 
Other studies have demonstrated that IL-33 enhances 
the proportion of CD8+ T cells and NK cells, as well 
as IFN-γ production within tumour tissues, creating a 
TME more favourable for tumour eradication [28]. 
IL-33 has also been shown to synergize with T-cell 
receptor (TCR) signalling or IL-12 to stimulate IFN-γ 
production and enhance effector functions in CD8+ T 
and Th1 cells [29]. Therefore, both type 1 and type 2 
immune responses contribute to the anti-tumour effects 
of IL-33 and may act synergistically to control tumour 
growth in certain contexts [24].

Myeloid-derived suppressor cells
Myeloid-derived suppressor cells (MDSCs) are a heter-
ogeneous population of bone marrow-derived cells that 

suppress immune responses by secreting arginase-1 
(Arg-1), nitric oxide synthase 2 (NOS2), and reactive 
oxygen species (ROS). Additionally, they promote reg-
ulatory T cell (Treg) proliferation, further dampening 
the immune response [30]. Tumour-infiltrating MDSCs 
exhibit greater immunosuppressive capacity than 
peripheral MDSCs. IL-33 has been identified as a crit-
ical factor in promoting the proliferation and survival 
of tumour-infiltrating MDSCs through GM-CSF sig-
nalling. This process activates NF-κB and MAPK path-
ways, thereby suppressing immune responses and 
facilitating tumour immune evasion [16]. In line with 
these findings, Jovanovic et al. [17] reported that IL-33 
administration led to an increased accumulation of 
immunosuppressive CD11b+ Gr-1+ MDSCs in both 
breast tumours and the spleen. Furthermore, IL-33 was 
found to induce CD4+ Foxp3+ IL-10+ Tregs, promot-
ing the differentiation of tolerogenic or immature den-
dritic cells, which in turn inhibited NK cell cytotoxicity 
and facilitated BC growth and metastasis.

Regulatory T cells
In the TME, Tregs, as a specialized subset of lympho-
cytes, can facilitate immune evasion by suppressing 
anti-tumour immunity through epigenetic reprogram-
ming and signal cascade regulation [31]. Tregs not only 
contribute to the growth of primary tumours but also 
accelerate the progression of metastatic tumours. In a 
preclinical study, ST2+ Tregs were identified as the pri-
mary target of IL-33-mediated production of amphireg-
ulin, a growth factor involved in tumour progression 
[32]. However, while this study suggested that amphireg-
ulin is primarily derived from ST2+ Tregs, it is also 
produced by mast cells, basophils, and ILC2s, indicat-
ing that further research is needed to fully elucidate the 
connection between IL-33, Tregs, and the type 2 
immune response [33, 34]. Additionally, a strong cor-
relation between IL-33 expression and FOXP3+ Tregs 
has been observed in TNBC [35]. Figure 1 provides a 
summary of the interactions between IL-33, immune 
cells, and cytokines.

Inherent and acquired resistance
Inherent and acquired resistance represent significant 
challenges in BC treatment. To better understand the 
mechanisms underlying drug resistance, extensive 
research has been conducted to develop strategies aimed 
at overcoming treatment resistance [36, 37]. Preclinical 
studies have revealed that IL-33 plays a crucial role in 
inducing endocrine resistance in BC. Specifically, IL-33 
overexpression in BC cells has been shown to confer 
stem cell-like properties, leading to resistance against 
tamoxifen-induced tumour growth inhibition [12].

Tumour promoter
Preclinical data indicate that IL-33-induced activation 
of the ST2-Cancer Osaka Thyroid (COT) interaction 
enhances epithelial cell transformation and breast tum-
origenesis through the MEK-ERK, JNK-cJun, and 
STAT3 signalling pathways [14]. Additionally, the 
IL-33/ST2/COT/JNK1/2 signalling axis has been found 
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to accelerate breast tumorigenesis by regulating LPIN1 
mRNA and protein expression [38]. Furthermore, acti-
vation of the IL-33/IL-33R pathway plays a crucial role 
in mammary tumour development by promoting the 
expression of pro-angiogenic VEGF and reducing 
necrosis in breast carcinoma [39]. Notably, Yes-
associated protein (YAP), a well-established cancer 
regulatory gene, has been linked to IL-33 expression. 
The YAP/IL-33 axis has been implicated in obesity-me-
diated tumorigenesis and regulatory T cell infiltration, 
further highlighting the potential role of IL-33 in BC 
progression [36, 40].

Potential therapeutic combinations with  
IL-33 in preclinical studies
While CTLA-4 and PD-1 monoclonal antibody (mAb)-
based immunotherapies have achieved significant suc-
cess for haematological malignancies, their efficacy for 
solid tumours remains limited [24]. Due to the complex-
ity of the immune microenvironment in solid tumours, 
which includes spontaneous T-cell responses, combina-
tion strategies incorporating IL-33 as an adjuvant may 
enhance therapeutic outcomes [29]. A preclinical study 
reported that combined inhibition of PD-L1/PD-1 and 
IL-33/ST2 increased the expression of miRNA-150 and 

miRNA-155, augmented NK cell cytotoxicity, and 
upregulated the NF-κB and STAT3 pathways, ulti-
mately leading to activation of the perforin/granzyme 
B-mediated apoptotic pathway [41]. Furthermore, sit-
agliptin, a dipeptidyl peptidase-4 (DPP4) inhibitor, 
demonstrated a synergistic effect when combined with 
PD-1 and CTLA-4 inhibition, which was mediated by 
IL-33 [24]. Neoadjuvant chemotherapy remains a stand-
ard treatment for BC [42]. A study found that BC 
patients who did not receive neoadjuvant chemotherapy 
exhibited higher IL-33 mRNA levels compared to those 
who underwent chemotherapy. This suggests that neo-
adjuvant chemotherapy may reduce IL-33 expression 
and activate IL-33-mediated anti-tumour immune 
responses [43]. Table 1 summarizes the therapeutic 
mechanisms of IL-33 that have been documented in 
preclinical studies.

DISCUSSION

Historically, IL-33 has been primarily recognized for 
its role in regulating type 2 immune responses, including 
interactions with ILC2 and Th2 cells, which contribute 
to immunity and immune evasion. Notably, type 1 and 
type 2 immune responses often exert opposing effects. 
While ILC2 is generally associated with tumour 
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Figure 1. 
The IL-33 immune network in the tumour microenvironment (TME). NK: natural killer cell; Treg: regulatory T cell; MDSC: 

myeloid-derived suppressor cell; CTL: cytotoxic T cell; Th1: T helper cell; ILC2: type 2 innate lymphoid cell; Th2: T helper cell; 
CAFs: cancer-associated fibroblasts; TNF-α: tumour necrosis factor-α; IFN-γ: interferon-γ; ST2: specific receptor 2; NOS2: nitric 

oxide synthase 2; Arg-1: Arginase-1; ROS: reactive oxygen species; TSLP: thymic stromal lymphopoietin; IL-1RAcP: IL-1 receptor 
accessory protein; EMT: epithelial-mesenchymal transition.
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progression by activating MDSCs, MDSCs themselves 
are known to negatively regulate anti-cancer immunity 
[44, 45]. The role of IL-33 in BC appears to be con-
text-dependent, with the cytokine capable of either pro-
moting or inhibiting tumour progression by influencing 
different immune cell populations. IL-33 exerts multi-
faceted effects within the tumour microenvironment, 
where its impact is shaped by factors such as tumour 
stage, pathology, the source of IL-33, tissue-resident 
immune cells, and specific characteristics of the tumour 
microenvironment. In early-stage BC, IL-33 secretion 
from tumour tissue may modulate the immune microen-
vironment by regulating ILC2 and Th2 cells, thereby 
facilitating tumour cell survival and metastasis [46, 47]. 
Consequently, IL-33 inhibition may be effective in pre-
venting tumour initiation. However, as the tumour 
progresses, the local immune microenvironment 
becomes increasingly unstable, leading to excessive 
IL-33 expression and dysregulation of ILC2 and other 
immune cells, which may explain the discrepancies 
observed in previous studies. A major challenge remains 
in distinguishing different immune microenvironment 
stages in individual patients and optimizing patient-spe-
cific responses to IL-33-targeted treatments. IL-33 inhi-
bition appears to be a viable candidate for combination 
strategies with immune checkpoint inhibitors or endo-
crine therapy to enhance therapeutic efficacy. Ongoing 
clinical trials are necessary to evaluate the potential of 
IL-33-targeted therapies as adjuvant immunotherapy 
approaches.
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