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Introduction

Inflammasomes are multi-protein complexes that play a central
role in the innate immune response by detecting pathogen-associated
molecular patterns (PAMPs) and damage-associated molecular
patterns (DAMPs). They are key regulators of inflammation, driving the
activation of caspase-1 and the release of pro-inflammatory cytokines
such as interleukin-1p (IL-1p) and interleukin-18 (IL-18). While these
immune responses are crucial for defending the body against infections
and injuries, dysregulation of inflammasome activity can lead to
chronic inflammation, a known contributor to the development and
progression of cancer. Recent research has increasingly highlighted
the complex interplay between inflammasomes and cancer, suggesting
that these inflammatory signaling pathways might offer valuable
therapeutic targets for immunotherapy. This article explores the role
of inflammasomes in cancer development, their contribution to tumor
progression, and the implications of targeting inflammasomes for
improving cancer immunotherapy [1].

Description

The role of inflammasomes in cancer development and
progression

Inflammasomes and cancer initiation: Chronic inflammation,
driven by dysregulated inflammasome activity, has long been associated
with cancer initiation. The most studied inflammasome in cancer is
the NLRP3 inflammasome, which is activated by a variety of cellular
stress signals, including DNA damage, oxidative stress, and metabolic
changes within the tumor microenvironment [2]. Once activated,
inflammasomes trigger the release of IL-1f and IL-18, which are potent
pro-inflammatory cytokines that not only drive local inflammation but
also promote the recruitment of immune cells to the tumor site. This
cascade of inflammatory signals can create an environment conducive
to tumor initiation by inducing DNA damage, supporting cellular
transformation, and fostering immune evasion.

Inflammasomes also play a significant role in the initiation of
inflammation-driven cancers such as colorectal cancer, liver cancer,
and pancreatic cancer. For instance, in colorectal cancer, the NLRP3
inflammasome has been shown to promote epithelial cell proliferation
and the survival of mutated cells, which can lead to the formation of
precancerous lesions. Furthermore, the activation of inflammasomes in
response to microbial products or diet-related factors may contribute
to tumorigenesis in these tissues [3].

Inflammasomes and tumor progression: Once cancer has
developed, inflammasomes continue to influence tumor progression.
In the established tumor microenvironment (TME), inflammasome
activation often contributes to the immune suppression and tumor
growth. Tumor-associated macrophages (TAMs), neutrophils,
and other immune cells infiltrating the TME are key players in this
process. For example, in many cancers, the NLRP3 inflammasome
induces the activation of IL-1p, which promotes a pro-tumorigenic
inflammatory microenvironment by encouraging the recruitment of

immunosuppressive cells, including regulatory T cells (Tregs) and
myeloid-derived suppressor cells (MDSCs). These cells inhibit the
body's ability to mount an effective anti-tumor immune response.

Furthermore, inflammasomes also promote angiogenesis, the
process by which new blood vessels are formed to supply growing
tumors with nutrients and oxygen. In cancers such as melanoma
and breast cancer, inflaimmasome-driven IL-1P release has been
shown to enhance the secretion of vascular endothelial growth factor
(VEGEF), a key regulator of angiogenesis, thereby supporting tumor
vascularization and metastasis [4].

The activation of inflammasomes can also directly influence the
metastatic potential of tumors. IL-1f, in particular, has been linked
to the epithelial-mesenchymal transition (EMT), a process by which
cancer cells acquire migratory and invasive characteristics, facilitating
their spread to distant organs. This highlights the dual role of
inflammasomes in both local tumor growth and the systemic spread
of cancer.

Inflammasomes as regulators of the tumor immune
microenvironment (TIME): The tumor immune microenvironment
plays a crucial role in dictating cancer progression and response to
therapy. Inflammasomes, particularly the NLRP3 inflammasome,
significantly alter the TIME by modulating the function and activity
of various immune cells. For instance, inflammasome activation in
tumor-associated macrophages (TAMs) can push these cells toward an
M2-like immunosuppressive phenotype, further enhancing immune
tolerance and enabling tumors to evade detection and destruction by
the host immune system [5]. Additionally, inflammasomes contribute
to the "immune checkpoint” landscape, influencing the balance of
inflammatory and anti-inflammatory signals that shape the tumor's
immune resistance.

The chronic inflammation induced by inflammasomes can also
lead to the production of reactive oxygen species (ROS) and reactive
nitrogen species (RNS), which not only cause direct DNA damage and
genomic instability but also create an immunosuppressive environment
that hinders the effectiveness of immune checkpoint inhibitors and
other immunotherapies [6].
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Implications for immunotherapy

Given the central role of inflammasomes in regulating tumor
growth, metastasis, and immune resistance, they represent a promising
target for cancer immunotherapy. Several strategies are currently being
explored to modulate inflammasome activity and enhance anti-tumor
immune responses.

Inflammasome inhibition: Inhibiting inflammasome activation
could be a valuable strategy to reduce the pro-inflammatory signals that
contribute to tumor progression and immune evasion. Small molecule
inhibitors targeting inflammasome components, such as NLRP3,
caspase-1, or IL-1p, are being developed and tested in preclinical and
clinical studies. These inhibitors aim to block the inflammatory cascade
at different points, potentially reducing tumor-associated inflammation
and improving the efficacy of existing therapies [7].

Combination therapies with immune checkpoint inhibitors:
since inflammasomes influence immune checkpoints and immune
cell recruitment, combining inflammasome inhibitors with immune
checkpoint inhibitors (e.g., anti-PD-1, anti-PD-L1, or anti-CTLA-4
therapies) may offer a synergistic approach to overcoming tumor
immune evasion. By reducing chronic inflammation and promoting
a more balanced immune response, inflammasome-targeted therapies
may improve the response to immune checkpoint blockade, a treatment
that has revolutionized cancer therapy.

Modulating the tumor microenvironment (TME): Another
promising approach is to modulate the tumor microenvironment by
targeting inflammasome-driven inflammatory mediators such as IL-
1P and IL-18. These cytokines are known to influence the function of
various immune cells within the TME [8]. Therapeutic agents that block
IL-1P signaling, such as anakinra (an IL-1 receptor antagonist), have
been shown to reduce inflammation and may improve the effectiveness
of immunotherapies by reversing immune suppression in the TME.

Gene editing and RNA-based approaches: New technologies,
including CRISPR/Cas9 gene editing and RNA interference (RNAi),
are being explored to specifically knock down inflammasome
components or cytokine production in tumor cells and immune cells
[9]. By directly modulating inflammasome activity in cancer cells and
immune infiltrates, these techniques hold the potential to selectively
regulate tumor-promoting inflammation and enhance the efficacy of
immunotherapy [10].

Conclusion

Inflammasomes, particularly the NLRP3 inflammasome, play a
pivotal role in cancer development, progression, and metastasis by
driving chronic inflammation and modulating the tumor immune

microenvironment. By releasing pro-inflammatory cytokines like IL-
1B and IL-18, inflammasomes promote a microenvironment conducive
to tumor growth, immune evasion, and metastasis. Given their central
role in cancer biology, inflammasomes represent an attractive target for
cancer immunotherapy. Strategies aimed at inhibiting inflammasome
activation or modulating the inflammatory response within the
tumor microenvironment hold the potential to enhance the efficacy
of current immunotherapies and offer new therapeutic avenues for
treating cancer. Continued research into the molecular mechanisms of
inflammasome function and the development of targeted therapies will
be crucial in improving outcomes for cancer patients.

Acknowledgement

None

Conflict of Interest
None

References

1. Lee J, Han S, Yun J, Kim J (2015) Quercetin 3-O-glucoside suppresses
epidermal growth factor-induced migration by inhibiting EGFR signaling in
pancreatic cancer cells. Tumor Biol 36: 9385-9393.

2. LuQi, ZhangL, Yee J, Go VL, Lee W (2015) Metabolic Consequences of LDHA
inhibition by epigallocatechin gallate and oxamate in MIA PaCa-2 pancreatic
cancer cells. Metabolomics 11: 71-80.

3. Bimonte S, Leongito M, Barbieri A, Vecchio V, Barbieri M, et al. (2015) Inhibitory
effect of (-)-epigallocatechin-3-gallate and bleomycin on human pancreatic
cancer Mia Paca-2 cell growth. Infect Agents Cancer 10: 22.

4. Kostin S, McDonald D, McFadden D (2012) Inhibitory effects of epigallocatechin-
3-gallate and pterostilbene on pancreatic cancer growth in vitro. J Surg Res 77:
255-262.

5. Rao V, Agarwal S (2000) Role of antioxidant lycopene in cancer and heart
disease. J Am Coll Nutrit 19: 563-569.

6. LiF, Awale S, Tezuka Y, Esumi H, Kadota S (2010) Study on the constituents of
mexican propolis and their cytotoxic activity against PANC-1 human pancreatic
cancer cells. J Nat Prod 73: 623-627.

7. Sawicka D, Car H, Borawska M, Niklinski J (2012) The anticancer activity of
propolis. Folia Histochem Cytobiol 50: 25-37.

8. Yin T, Shi P, Gou S, Shen Q, Wang C (2014) Dendritic cells loaded with
pancreatic cancer stem cells (CSCs) lysates induce antitumor immune killing
effect in vitro. Plos One 9: e114581.

9. Li Y, Wicha M, Schwartz S, Sun D (2011) Implications of cancer stem cell
theory for cancer chemoprevention by natural dietary compounds. J Nutr
Biochem 22: 799-806.

10. Suzuki R, Kang Y, Li X, Roife D, Zhang R, et al. (2014) Genistein potentiates
the antitumor effect of 5-fluorouracil by inducing apoptosis and autophagy in
human pancreatic cancer cells. Anticancer Res 34: 4685-4692.

Int J Inflam Cancer Integr Ther, an open access
journal

Volume 11 « Issue 6 » 1000319


https://link.springer.com/article/10.1007/s13277-015-3682-x
https://link.springer.com/article/10.1007/s13277-015-3682-x
https://link.springer.com/article/10.1007/s13277-015-3682-x
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26246802/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26246802/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26246802/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26225138/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26225138/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26225138/
https://linkinghub.elsevier.com/retrieve/pii/S0022-4804(12)00385-X
https://linkinghub.elsevier.com/retrieve/pii/S0022-4804(12)00385-X
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/35216071/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/35216071/
https://pubs.acs.org/doi/10.1021/np900772m
https://pubs.acs.org/doi/10.1021/np900772m
https://pubs.acs.org/doi/10.1021/np900772m
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/34444754/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/34444754/
https://www.researchgate.net/publication/269770215_Dendritic_Cells_Loaded_with_Pancreatic_Cancer_Stem_Cells_CSCs_Lysates_Induce_Antitumor_Immune_Killing_Effect_In_Vitro
https://www.researchgate.net/publication/269770215_Dendritic_Cells_Loaded_with_Pancreatic_Cancer_Stem_Cells_CSCs_Lysates_Induce_Antitumor_Immune_Killing_Effect_In_Vitro
https://www.researchgate.net/publication/269770215_Dendritic_Cells_Loaded_with_Pancreatic_Cancer_Stem_Cells_CSCs_Lysates_Induce_Antitumor_Immune_Killing_Effect_In_Vitro
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21295962/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21295962/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25202045/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25202045/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25202045/

