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Dual function of Gasdermin
E: pyroptosis-mediated pan-
cancer suppression versus HCC-
specific oncogenic activity
Gulijiamali Kahaer, Sirun Pan, Chengcheng Yang,
Wenchen Xie and Yan Lu*

Key Laboratory of Tropical Translational Medicine of Ministry of Education & Hainan Provincial Key
Laboratory of Carcinogenesis and Intervention, School of Basic Medicine and Life Sciences, Hainan
Medical University, Haikou, Hainan, China
Gasdermin E (GSDME), a key executor of pyroptosis, exerts a unique dual role in

tumorigenesis, acting as both a tumor suppressor and a tumor-promoting factor.

Due to promoter hypermethylation, GSDME is epigenetically silenced in most

solid tumors, including gastric, colorectal, and breast cancers. Its activation

triggers the release of inflammatory cytokines, such as IL-1b and IL-18,

enhances CD8+ T cell infiltration, and improves chemosensitivity, thereby

exerting potent tumor-suppressive effects. Hepatocellular carcinoma (HCC)

displays an aberrant GSDME overexpression pattern, which promotes immune

suppression and resistance to anti-PD-1 therapy through pyroptosis-

independent mechanisms. Notably, specific interventions can activate GSDME-

mediated pyroptosis in HCC, highlighting its functional plasticity in response to

microenvironmental signaling networks. Current studies face three major

challenges: elucidating the mechanisms underlying GSDME overexpression in

HCC, clarifying the molecular hubs of pyroptosis-independent pro-tumor

pathways, and developing precision strategies to control the functional switch

of GSDME. Future studies should integrate single-cell multi-omics and spatial

transcriptomics to establish a novel therapeutic paradigm based on “pyroptosis

immunomodulation”, advancing cancer treatment from single-target inhibition

toward multidimensional “microenvironment reprogramming”.
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1 Introduction

GSDME, an essential member of the Gasdermin family, plays a vital role in regulating

pyroptosis, a type of programmed cell death associated with inflammatory responses. It

does this by forming nanoscale membrane pores through two distinct pathways: one

involves specific cleavage by Caspase-3 or granzyme B, while the other results from

conformational changes induced by UVC irradiation, as shown in Figure 1 (1–4). The
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cleaved GSDME-N-terminal domain possesses a unique ability to

specifically recognize membrane phospholipids, leading to its

oligomerization, which results in the formation of transmembrane

pores that measure approximately 10–15 nm in diameter.

Alternatively, when activated by UVC, the full-length GSDME

exposes its N-terminal domain, which intrinsically possesses

pore-forming activity, and undergoes a process of disulfide bond-

dependent oxidative oligomerization to create prepores. These

prepores subsequently target and perforate the plasma membrane,

ultimately resulting in cell swelling and the induction of pyroptosis.

Both of these activation pathways culminate in the release of

inflammatory cytokines, such as IL-1b and IL-18, as depicted in

Figure 1 (2, 4).

Research has demonstrated that GSDME exists in two major

isoform forms: the full-length GSDME (GSDME-FL) and the exon

8-splicing variant (GSDME-Dexon8). Currently identified GSDME

genetic variants are all gain-of-function mutations, which induce

exon 8 skipping, leading to premature termination of the open

reading frame (ORF) and ultimately producing a truncated protein

with significant cytotoxicity (5). Comparative studies by van Laer’s

team demonstrated distinct subcellular localization patterns when

wild-type GSDME and exon 8-deleted variant plasmids were

transfected into COS-1 and HEK293T cells. The wild-type protein

primarily localized in the cytoplasm, the variant protein exhibited

dual cytoplasmic and plasma membrane distribution, accompanied

by characteristic morphological changes including cell rounding

and membrane blebbing (5). Further investigations revealed that

the exon 8 skipping-generated truncated GSDME retains

pyroptosis-inducing capability in mammalian cells, although with

markedly reduced protein stability and shorter duration of

biological effects compared to the classical GSDME-NT fragment

(2). The precise molecular mechanisms by which these splicing

variants regulate pyroptosis remain to be fully elucidated.

Notably, GSDME exhibits a fascinating and somewhat paradoxical

‘expression-function’ dichotomy across various malignancies: while it

demonstrates epigenetic silencing and tumor-suppressive roles in the

majority of solid tumors, including gastric, colorectal, and breast

cancers, it paradoxically shows aberrant overexpression and drives

malignant progression specifically in HCC (6). This tissue-specific

paradox suggests that the biological functions of GSDME essentially

reflect the dynamic interactions between the epigenetic landscapes and

the microenvironmental signaling networks, with its ‘death signal

hijacking’ mechanism providing novel perspectives for understanding

the complexities of tumor heterogeneity and the varied responses

observed in different cancer types (7).
2 Molecular mechanisms underlying
GSDME-mediated tumor suppression

2.1 Epigenetic inactivation and suppression
of tumorigenesis

The epigenetic inactivation of GSDME, which functions as a

crucial tumor suppressor gene, is commonly observed in various types
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of cancers. Genome-wide methylation analyses have indicated that the

hypermethylation of CpG islands located within the promoter region

of GSDME serves as the primary mechanism responsible for its

transcriptional silencing, a phenomenon that has been widely

observed in multiple types of cancer, as documented in various

studies (8–15). Furthermore, analyses of clinical samples have

uncovered significantly elevated frequencies of GSDME methylation

in cases of gastric cancer (52%, 46/89), colorectal cancer (65%, 65/

100), and breast cancer, particularly when compared to their

corresponding adjacent normal tissues (8–10). In addition, in vitro

functional validation experiments have confirmed that treatment with

the methyltransferase inhibitor 5-Aza-dC effectively reverses the

suppression of GSDME expression in colorectal cancer cell lines,

specifically in HCT116, HT29, and DLD-1 cell lines (11). Through the

establishment of gene-edited cell models, researchers have discovered

that the exogenous overexpression of GSDME significantly inhibits

the proliferation of tumor cells and enhances their sensitivity to

chemotherapeutic drugs, while conversely, the knockout of GSDME

promotes tumor cell clonogenic formation and increases their invasive

capabilities (11–13). Collectively, these lines of evidence elucidate the

critical role of GSDME as a tumor suppressor gene, as well as the

intricate epigenetic regulatory mechanisms that underlie its function.
2.2 Pyroptosis-mediated anti-tumor
immunity

The intricate mechanism by which GSDME remodels the tumor

immune microenvironment through the induction of pyroptosis has

been substantiated by a multitude of comprehensive studies, with its

core functions encompassing three pivotal aspects that are critical to

understanding its role in cancer biology. First and foremost, the

activation of GSDME significantly promotes the infiltration of

immune cells into the tumor microenvironment through the release

of inflammatory cytokines, such as IL-1b and IL-18. This release

markedly enhances the tumor infiltration of crucial immune

components, including CD8+ T cells and dendritic cells, thereby

facilitating the transformation of immunologically “cold” tumors into

“hot” microenvironments that are more conducive to immune attack

(7). This phenomenon is particularly evidenced in osteosarcoma, where

GSDME-mediated pyroptosis triggers a cascade of immune responses

characterized by the release of proinflammatory cytokines, an increase

in immune cell infiltration, and the activation of adaptive immune

responses, ultimately leading to the establishment of a highly

immunogenic tumor niche that can be targeted by the immune

system. Secondly, GSDME has been shown to enhance the response

to immunotherapy, as demonstrated by a pivotal study published in

Nature in 2020, which revealed that GSDME-dependent cooperation

between natural killer (NK) cells and CD8+ T cells significantly

suppresses tumor progression in various models of melanoma and

breast cancer (7). This underscores the potential of GSDME as a critical

player in augmenting the efficacy of immunotherapeutic strategies.

Lastly, GSDME improves chemosensitivity across a diverse range of

cancer types. For instance, in triple-negative breast cancer, it plays a vital

role in maintaining the cytotoxic function of CD8+ T cells, thereby
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enhancing the overall efficacy of treatment regimens (11, 12). Similarly,

in non-small cell lung cancer, GSDME boosts the response to cisplatin

by promoting the recruitment of T cells to the tumor site, which is

essential for effective chemotherapy (16). These findings provide a

robust theoretical foundation for the development of GSDME-

modulated combination immunotherapy strategies, highlighting its

potential as a transformative target in the fight against cancer.

Recent studies have also revealed the critical regulatory role of

GSDME in tumor immunotherapy. Clinical evidence demonstrates a

significant positive correlation between GSDME expression levels and

immunotherapy responsiveness. A retrospective cohort study of non-

small cell lung cancer (NSCLC) patients showed that patients with high

GSDME expression in tumor tissues exhibited better treatment

responses to PD-L1 inhibitor combined with chemotherapy, with

significantly improved objective response rate (ORR) and a median

progression-free survival (PFS) of 18.20 months, markedly longer than

that of the low GSDME expression group (6.70 months) (HR = 0.37,

95% CI: 0.14-0.97; P = 0.0371) (17). Mechanistic studies indicate that

GSDME-mediated pyroptosis can promote tumor antigen presentation

and enhance T cell infiltration by releasing inflammatory factors such as

IL-1b and IL-18, thereby improving the tumor immune

microenvironment. These findings have been further validated in

preclinical models of breast cancer and melanoma. GSDME

deficiency leads to reduced infiltration of CD8+ T cells, NK cells, and

tumor-associated macrophages in the tumor microenvironment,

significantly impairing antitumor immune responses (7). These results

suggest that GSDME not only participates in regulating the tumor

immunemicroenvironment but may also serve as a potential biomarker

for predicting the efficacy of immune checkpoint inhibitors.
3 The dual-edged sword function of
GSDME in HCC

3.1 Tissue-specific aberrant expression

Unlike most cancers where GSDME is epigenetically silenced,

HCC shows a strikingly different pattern with significant GSDME

overexpression. This intriguing phenomenon is substantiated by

comprehensive multi-omics analyses. For instance, transcriptomic
Frontiers in Immunology 03
data sourced from the TCGA and GEO databases clearly indicate

that GSDME mRNA expression is significantly elevated in HCC

when compared to normal liver tissue (Table 1) (18–23).

Immunohistochemical analysis reveals a strikingly high positivity

rate for GSDME in approximately 78% (289/371) of HCC

specimens, far exceeding the 12% (6/50) positivity rate in adjacent

non-tumor tissues (Table 1) (21, 22). These findings are reinforced

by Western blot analyses showing consistent GSDME

overexpression across multiple HCC cell lines, such as HepG2,

HCCLM3, MHCC97H, LM3, SMMC-7721, BEL-7402, and Huh7

(Table 1) (21). Clinically, this overexpression has important

implications research by De Schutter et al. links high GSDME

levels with higher Edmondson tumor grades and poorer overall

survival (OS) (HR=1.64, 95% CI:1.16-2.23; P=0.0051) (23). What

makes this particularly intriguing is that GSDME appears to

promote tumor growth in HCC, contrasting sharply with its

tumor-suppressing role in other cancers. Indicating that HCC

may have unique regulatory mechanisms.

The expression of GSDME is precisely regulated through multi-

layered molecular mechanisms, and its functional heterogeneity across

different tumor types may be associated with dynamic interactions

between epigenetic modifications and transcription factors. Studies have

demonstrated a significant negative correlation between

hypermethylation of CpG islands in the GSDME promoter region

and its mRNA expression levels in solid tumors such as gastric and

colorectal cancers, establishing the critical role of DNA methylation in

GSDME regulation (6). Epigenetic modifications also involve dynamic

histone modifications, with researchers identifying significant

enrichment of H3K4me3 histone marks at the GSDME promoter,

suggesting chromatin remodeling may participates in its expression

regulation. Research has found that ALKBH4 can transcriptionally

suppress GSDME activation by inhibiting H3K4me3 histone

modifications at its promoter region, thereby reducing tumor cell

sensitivity to 5-FU treatment (9), findings that highlight the

importance of histone modifications in GSDME regulation. At the

transcription factor level, research has demonstrated that p53 can

directly bind to conserved response elements situated 1–500 base

pairs downstream of the transcription start site in the GSDME

promoter, thereby activating its transcription (24). Concurrently, the

transcription factor Sp1 enhances GSDME gene expression by
TABLE 1 GSDME expression patterns and clinical significance in hepatocellular carcinoma.

Level Findings Clinical correlation Reference

Gene GSDME is upregulated in HCC (TCGA and
GEO database)

GSDME is associated with poor overall survival (OS)
(HR=1.64, 95% CI:1.16-2.23; P=0.0051)

(23)

The expression of GSDME in tumor tissue is higher than
that in normal tissue (TCGA and GEO database)

GSDME is associated with poor disease specific
survival (DSS)

(21)

GSDME is highly expressed in tumor tissue GSDME is related to Edmondson grade (6, 19)

Protein Strong GSDME expression was observed in 78% (289/371)
of HCC patients (THPA database; IHC)

(21)

Overexpression of GSDME in seven HCC cell lines
(HepG2, HuH7, HCCLM3, MHCC97H, LM3, SMMC-
7721, BEL-7402)

(6, 21)
HCC, hepatocellular carcinoma; IHC, immunohistochemistry; THPA, the human protein atlas; OS, overall survival; HR, hazard ratio; DSS, disease specific survival.
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specifically binding to the -36 to -28 region of its promoter (25). In

HCC, the observed overexpression of GSDME may arise from the

combined influence of epigenetic and transcriptional regulation.

Specifically, promoter hypomethylation and H3K4me3 enrichment

create a permissive environment for transcription, while mutant p53

and other transcription factors further amplify expression levels,

particularly under inflammatory or hypoxic microenvironments.

Moreover, chronic inflammation-driven STAT1 signaling and

metabolic disturbances may indirectly elevate GSDME expression by

modifying epigenetic patterns. However, the precise regulatory

mechanisms underlying these phenomenons remain to be fully

elucidated and warrant further investigation through comprehensive

methylation profiling and transcription factor binding assays.
3.2 Pyroptosis-independent oncogenic
mechanisms in HCC

While the precise mechanisms underlying GSDME’s tumor-

promoting function in HCC remain incompletely characterized,

accumulating evidence implicates two key pathways as central to

this oncogenic process. Firstly, there is the remodeling of the

immune microenvironment; single-cell sequencing studies have

revealed a specific overexpression of GSDME in tumor-associated

macrophages (TAMs) (26). This overexpression drives the

polarization of these macrophages towards the M2 phenotype

through the activation of the PI3K-AKT signaling pathway,

which, in turn, leads to the suppression of CD8+ T cell function,

as illustrated in Figure 1 (26). Secondly, GSDME directly promotes

tumorigenesis; in vivo studies confirm that GSDME knockout

markedly decreases tumor volume across multiple HCC models.

Nevertheless, the exact molecular mechanism underlying the tumor

growth suppression effect following GSDME knockout remains to

be fully elucidated (27, 28). Notably, GSDME exerts its oncogenic

role in HCC through pyroptosis-independent mechanisms,

representing a paradigm shift in our understanding of gasdermin

family proteins in cancer biology. While GSDME is traditionally

recognized for its pyroptosis-inducing capacity in response to

chemotherapeutic agents, in HCC, its tumor-promoting effects

manifest through alternative pathways that bypass characteristic

pyroptotic cell death markers such as cell swelling, pore formation,

and massive IL-1b release. This non-canonical activity likely

explains both GSDME’s upregulated expression during HCC

progression and the diminished anti-PD-1 therapy response in

patients with high GSDME levels (26). As for its specific tumor-

promoting mechanisms in hepatocellular carcinoma, substantial

experimental evidence remains to be established.
3.3 Pyroptosis-dependent tumor
suppression pathways in HCC

The emerging evidence confirms that GSDME still maintains its

tumor suppressor function in HCC under specific therapeutic

conditions. A prime example is oxaliplatin, a platinum-based
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chemotherapeutic agent that actively induces pyroptosis through

caspase-3/GSDME axis activation. Importantly, this mechanism

exerts anti-tumor effects through dual pathways, directly inducing

programmed cell death in tumor cells and promoting CD8+ T cell

infiltration into the tumor microenvironment by activating the p38/

MAPK signaling pathway (29). The two synergistically enhance anti-

tumor effects. The histone deacetylase inhibitor CXD101 exerts its

therapeutic effect through another mechanism. It promotes GSDME

dependent pyroptosis by activating STAT1 signaling and significantly

enhances the sensitivity of HCC cells to immunotherapy (30).

Meanwhile, studies have found that SIRT1 silencing can release

inhibition of GSDME-N, leading to typical cell pyroptosis

phenomena including significant membrane foaming and significant

lactate dehydrogenase (LDH) release (31). Collectively, these findings

demonstrate that modulation of key signaling pathways can restore

GSDME-dependent tumor suppression in HCC. This establishes a

mechanistic rationale for developing GSDME-targeted therapeutic

strategies in liver cancer.
4 Summary and outlook

GSDME demonstrates a context-dependent dual role in tumor

biology, exhibiting both tumor-suppressive and oncogenic activities

that highlight the functional plasticity of this molecule within complex

tumor microenvironment regulatory networks. In most solid tumors,

GSDME exerts tumor-suppressive effects. It mediates pyroptosis,

enhances the release of pro-inflammatory factors, remodels the

immune microenvironment, and enhances chemosensitivity (32–34).

In contrast, HCC demonstrates an inverse regulatory pattern. Aberrant

GSDME overexpression in HCC promotes immune suppression and

resistance to anti-PD-1 therapy through pyroptosis-independent

mechanisms (26). Interestingly, if drugs such as oxaliplatin are used

to activate the caspase-3/GSDME pathway, the pyroptosis process can

be restarted, promoting T cells to enter the tumor area and exert their

effects (23). So, if organ specific targeted regulation or programmable

spatiotemporal specific activation/inhibition of GSDME can be

achieved, it will provide a new breakthrough for tumor treatment.

In recent years, some progress has been made in the development

of innovative GSDME targeted delivery systems and small molecule

modulators. A research team led by Gui Jun at Renji Hospital,

Shanghai Jiao Tong University School of Medicine demonstrated

that intratumoral delivery of lipid nanoparticle-encapsulated Gsdme

mRNA significantly suppressed tumor progression in murine models

of melanoma and colorectal carcinoma. Mechanistic studies revealed

that Gsdme mRNA-triggered pyroptosis released creatine as a novel

metabolite-derived damage-associated molecular pattern (DAMP),

which activated the type I interferon signaling pathway in monocytes

to potentiate CD8+ T cell-mediated antitumor immunity (35). The

research group led by Shuai Xintao at Sun Yat-sen University

developed GM@LR nanoliposomes that achieved co-delivery of

gsdme encoding genetic material and manganese carbonyl (MnCO).

This combinatorial approach demonstrated marked therapeutic

efficacy in triple-negative breast cancer models through coordinated

activation of pyroptotic cell death and STING pathway signaling (36).
frontiersin.org

https://doi.org/10.3389/fimmu.2025.1626311
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Kahaer et al. 10.3389/fimmu.2025.1626311
Notable progress has also been made in small-molecule modulator

development. Researchers led by Li Ping and Chen Jun at China

Pharmaceutical University identified ponatinib and perifosine as

GSDME-N-terminal agonists through high-throughput screening.

These compounds not only directly triggered tumor cell pyroptosis

but also exhibited remarkable synergistic antitumor effects when

combined with PD-1 blockade inhibitors (37). On the other hand,

methylcobalamin exhibits distinct inhibitory effects on GSDME

activation. The conformational rearrangement of Methylcobalamin

exposes its central cobalt atom, which subsequently coordinates with

Cys180 in the GSDME N-terminal domain. This cobalt-thiolate

interaction sterically hinders caspase-3-mediated cleavage at Asp270,

effectively suppressing pyroptotic pore (38). The research team at

Xiamen University serendipitously discovered that mannose
Frontiers in Immunology 05
suppresses pyroptosis through a previously unrecognized metabolic-

immune crosstalk. Mannose elevates intracellular GlcNAc-6P levels,

which allosterically activates AMPK. AMPKmediated phosphorylation

of GSDME at Ser103 sterically impedes caspase-3 binding at the

cleavage site, effectively blocking GSDME processing and subsequent

pore formation (39). Although these strategies have performed well in

preclinical models such as colorectal cancer and breast cancer,

bottlenecks such as insufficient delivery efficiency of nanoparticles

and poor targeting of small molecule drug tissues still need to be solved.

Future research should focus on developing smart delivery systems and

exploring combination therapies integrating GSDME modulators with

immunotherapy and epigenetic drugs to accelerate clinical translation.

These advancements are expected to overcome current limitations and

provide new therapeutic opportunities.
FIGURE 1

The dual blade function of GSDME in tumors. The Tumor-suppressive role of GSDME. In most solid tumors, including gastric, colorectal, cervical,
and breast cancers, GSDME exerts tumor-suppressive effects through two distinct mechanisms of nanopore formation: Proteolytic Cleavage
Pathway: Caspase-3 or GZMB specifically cleaves GSDME, releasing its N-terminal domain. This domain selectively binds membrane phospholipids
and undergoes oligomerization to form transmembrane pores. Under UVC irradiation, full-length GSDME undergoes conformational changes,
exposing its intrinsically pore-forming N-terminal domain. Subsequently, this domain forms pre-pore oligomers via disulfide bond-dependent
oxidation, ultimately targeting and perforating the plasma membrane.Both pathways culminate in pyroptotic cell death, releasing inflammatory
cytokines (e.g., IL-1b and IL-18) to activate antitumor immunity. The tumor-promoting role of GSDME. In HCC, GSDME is specifically overexpressed
in TAMs, where it binds to PDPK1 to induce phosphorylation and subsequent activation of the PI3K-AKT pathway. This drives macrophage
polarization toward an M2-like phenotype, which suppresses CD8+ T cell function and confers resistance to anti-PD-1 therapy. Emerging evidence
suggests GSDME may also directly influence tumor growth, though the underlying mechanisms remain unclear. Collectively, GSDME exhibits dual
context-dependent roles in cancer-inhibiting tumor progression in some contexts while promoting oncogenesis in others, with its functional
outcome likely determined by tumor type and microenvironmental.
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Current research on GSDME function in HCC grapples with

several critical unresolved issues. A primary challenge lies in

delineating the precise mechanisms underlying aberrant GSDME

activation in HCC cells, particularly the role of epigenetic

modifications that are fundamental to understanding its

promotion of HCC. Equally pressing is the identification of key

molecular mediators facilitating GSDME mediated, pyroptosis

independent oncogenesis, with special emphasis on tumor cell

communication with immune populations like macrophages

through extracellular vesicle trafficking or cytokine signaling

interactions. Furthermore, developing technologies capable of

precisely modulating the functional duality of GSDME to balance

its tumor promoting versus tumor suppressing activities remains an

essential objective in the field.

Addressing these challenges will likely require integration of some

cutting edge methodologies. Spatial multi-omics platforms, for

instance, can simultaneously analyze gene expression patterns and

protein localization within the tumor microenvironment, enabling

systematic mapping of dynamic interrelationships between GSDME

and immune cell infiltration. Emerging spatial profiling technologies

like CITE-seq (high-plex protein and whole transcriptome co-

mapping), despite current limitations in multiplex protein detection

capacity, hold significant promise for elucidating GSDME-immune

interactions in HCC. As this methodology matures, its capacity to

simultaneously resolve both proteomic and transcriptomic landscapes

at single-cell resolution within intact tumor microenvironments will

enable precise mapping of spatial correlations between GSDME

expression and immune infiltration (40). The multimodal three

omics spatial mapping technique can integrate epigenetic,

transcriptomic, and proteomic data to systematically analyze the

functional transition status of GSDME in different tumor regions.

For example, tracking the molecular driving factors behind the

dependent switching between pro tumor and tumor suppressive

phenotypes of GSDME in different tumor regions (41). To

investigate GSDME’s upstream/downstream regulatory mechanisms,

Perturb-DBiT based spatially resolved panoramic in vivo CRISPR

screening allows high throughput genetic perturbation coupled with

spatial transcriptomic analysis in living models, facilitating genome

wide identification of key targets that cooperatively regulate pyroptosis

or immune evasion with GSDME (42, 43). These technologies will

elucidate the tissue-specific functional heterogeneity of GSDME while

providing a methodological framework for developing

microenvironment-responsive precision therapies. Importantly, by

deciphering these regulatory networks, this work may enable the

design of innovative HCC treatment strategies based on the
Frontiers in Immunology 06
“pyroptosis immunoediting” paradigm. Breakthroughs in this field

not only surpass the traditional research framework of “functional

loss” of tumor suppressor genes, but also have the potential to drive a

paradigm shift in cancer treatment from a single targeted model to

“multidimensional microenvironment reprogramming”.
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