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Identification of TMEM71 as a hub NLRP3-related gene suppressing 
malignant behavior in nasopharyngeal carcinoma via the NLRP3/ 
Caspase-1/GSDMD signaling pathway
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A B S T R A C T

Objective: NLRP3 plays a key role in cellular pyroptosis and tumor progression. However, research on NLRP3- 
Related Genes (NRGs) in Nasopharyngeal Carcinoma (NPC) is limited.
Methods: We analyzed the GSE53819 dataset to identify genes positively correlated with NLRP3 mRNA and 
downregulated in NPC tumors, termed NRGs. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Ge
nomes (KEGG) analyses were used to characterize their biological functions. Validation was performed using the 
GSE64634 and GSE102349 datasets. The GSE102349 dataset was used to evaluate the impact of NRGs on the 
Progression-Free Survival (PFS) and their association with immune cell infiltration. A cohort of 421 NPC patients 
from a local hospital underwent multivariate Cox regression to assess the prognostic significance of hub NRGs. 
Cellular experiments further investigated the role of hub NRGs in NPC.
Results: In the GSE53819 dataset, 26 NRGs were identified, correlated with NLRP3 expression, and down
regulated in tumor tissues. GO and KEGG analyses linked these 26 NRGs to the inflammasome complex. 
TMEM71, identified in the GSE64634 and GSE102349 datasets, was downregulated in tumor tissues and posi
tively correlated with NLRP3 expression. It was the only NRG with prognostic value, with higher expression 
correlating with improved PFS. Immune cell infiltration analysis showed significant differences between high 
and low TMEM71 expression groups (e.g., naïve B cells). Local analysis confirmed that positive TMEM71 
expression in tumor serves as an independent prognostic marker for NPC (HR = 0.53, 95% CI 0.366‒0.780). in 
vitro, TMEM71 activation of the NLRP3/caspase-1/GSDMD pathway suppressed malignant behaviors in NPC 
cell.
Conclusion: TMEM71 may serve as a prognostic biomarker for NPC and influence immune cell infiltration. Its 
overexpression could exert anticancer effects via the NLRP3/caspase-1/GSDMD pathway, highlight its potential 
as a therapeutic target in NPC.

Introduction

Nasopharyngeal Carcinoma (NPC) is a malignant of the head and 
neck, strongly linked to the Epstein-Barr Virus (EBV), and predomi
nantly affects populations in East and Southeast Asia. In 2018, these 
regions accounted for 70% of the global 129,000 NPC cases.1 Despite 
treatment advances, approximately 30% of NPC patients have a median 
survival of 10–36 months, with the five-year survival rate for stage IV 
patients remaining below 40%.2–4 Additionally, 73.1% of cases are 
diagnosed at advanced stages due to vague early symptoms, highlighting 
the need for improved diagnostic and therapeutic strategies.5

Pyroptosis, a form of programmed cell death characterized by the 
activation of inflammatory responses, has garnered significant attention 
in cancer research for its critical role in modulating tumor progression.6, 

7 This process is triggered by NLRP3 inflammasome activation, leading 
to Caspase-1 cleavage and the activation of GSDMD. As a key factor in 
pyroptosis, the role of NLRP3 in cancer has been widely investigated.8 In 
NPC, previous studies have explored the potential involvement of the 
NLRP3 inflammasome.9,10 Our prior work also identified the 
NLRP3/caspase-1/GSDMD pathway as a key biomarker for predicting 
NPC recurrence and metastasis.11 However, the regulatory mechanisms 
of NLRP3 in NPC, especially its upstream activators and downstream 
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effects, remain largely unclear.
TMEM71, a transmembrane protein, has been identified as a poten

tial biomarker and therapeutic target in central nervous system metas
tasis in acute lymphoblastic leukemia.12 Although no studies have 
directly linked TMEM71 to NLRP3, other members of the TMEM family, 
have been shown to regulate pyroptosis by modulating intracellular 
calcium levels, promoting inflammasome formation, and activating 
caspase-1.13,14 TMEM71 may participate in the activation of the 
inflammasome through similar mechanisms, thus playing a role in NPC 
progression. Therefore, investigating the interaction between TME
M71and NLRP3 may reveal its specific regulatory role in NPC progres
sion and open up new therapeutic avenues.

In this study, we employed bioinformatics to identify TMEM71 as a 
key gene associated with the pyroptosis regulator NLRP3, clarifying its 
expression patterns, relationships with immune cell infiltration, and its 
potential diagnostic and prognostic value in NPC. Cellular experiments 
further elucidated the role of TMEM71, particularly within the NLRP3/ 
Caspase-1/GSDMD pathway in NPC. Our findings provide insights for 
early diagnosis, personalized treatment, and the development of novel 
molecular targets for NPC.

Methods

Data acquisition and processing

The transcriptome data of NPC were obtained from the Gene 
Expression Omnibus (GEO) database, including GSE64634, GSE53819, 
and GSE102349 datasets. Progression-Free Survival (PFS) follow-up 
data were specifically available in the GSE102349 dataset. Addition
ally, a retrospective analysis was performed on 421 NPC patients from 
Huangshi Central Hospital between December 2014 and January 2020, 
with follow-up until March 2023. Eligible patients were aged ≥18 with 
pathologically confirmed primary tumors. Exclusion criteria included 
distant metastasis, severe chronic diseases, refusal of treatment, or 
incomplete data. All patients were treatment-naive before biopsy, with a 
minimum follow-up of three years. The relationship between NPC pa
tients and survival was analyzed using the ‘survminer’ (v0.4.9) and 
‘survival’ (v3.5-5) packages. The study was approved by the ethics 
committee of Huangshi Central Hospital (Approval No. 2024-27). and 
exempt from informed consent due to the absence of private patient 
information or commercial interests.

Acquisition of NLRP3-related genes (NRGs)

In the GSE53819 dataset, transcriptomic data from 18 tumor samples 
were analyzed. Genes positively correlated with NLRP3 expression 
(correlation coefficient >0.6, p-value <0.001) were initially selected. 
Differentially expressed genes between 18 normal nasopharyngeal tis
sues and 18 NPC tissues were identified using the ’limma’ package 
(v3.58.1) with thresholds of |logFC| ≥1 and adjusted p-value <0.05. A 
total of 26 NRGs were identified by intersecting genes from both the 
correlation and differential expression analyses using the ’venn’ pack
age (v1.12).

Biological function analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analyses were performed on 26 NRGs, with path
ways considered significantly enriched if the Benjamini-Hochberg cor
rected p-value and FDR (q-value) were < 0.05. These analyses were 
conducted using the ‘clusterProfiler’ (v4.8.1), ‘org.Hs.eg.db’ (v3.17.1), 
and ‘enrichplot’ (v1.20.0) packages.

Immune cell infiltration analysis

To evaluate immune cell infiltration in NPC, the CIBERSORT 

algorithm was applied to 113 NPC samples from the GSE102349 dataset. 
Based on the median TMEM71 expression level (1.596), the samples 
were divided into high (57 samples) and low (56 samples) TMEM71 
expression groups, and differences in immune cell infiltration between 
the two groups were compared.

Molecular docking and structural predictionThe amino acid se
quences of TMEM71 and NLRP3 were obtained from the UniProt data
base (Q6P5 × 7/Q96P20). Protein tertiary structure prediction was 
performed using AlphaFold 3 (https://golgi.sandbox.google.com/). 
Molecular docking between TMEM71 and NLRP3 was conducted using 
the HDOCK server (http://hdock.phys.hust.edu.cn/), and the docking 
results were visualized using PyMOL (v2.5.0).

IHC

Sections (4 μm) from 421 NPC tumor paraffin-embedded samples 
were deparaffinized with xylene and hydrated through a graded ethanol 
series. Antigen retrieval was achieved by microwaving sections in so
dium citrate buffer (Ph = 6.0) for IHC for 10 min each. After blocking 
with 5% goat serum for 30 min at room temperature, primary antibodies 
(TMEM71 at 1:50 dilution, Abcam, Shanghai, China) were applied and 
incubated overnight at 4 ◦C. After washing the sections three times with 
PBS for 5 min each, the corresponding secondary antibody (HRP-con
jugated goat anti-rabbit antibody, 1:200 dilution, Abcam) was applied 
and incubated at room temperature for 1 h. Signal amplification was 
performed using an SP staining kit (Shanghai Enzyme-linked Biotech
nology Co., Ltd.). Finally, sections were mounted, sealed, and staining 
intensity was scored from 0 (no staining) to 12 (strong positive), based 
on the proportion and intensity of stained cells.

Immunofluorescence staining

Tissue sections were dewaxed and subjected to antigen retrieval 
according to the IHC protocol. Subsequently, sections were blocked with 
5% Bovine Serum Albumin (BSA) or normal goat serum at room tem
perature for 1 h to prevent non-specific binding. The sections were then 
incubated with primary antibodies: TMEM71 (1:100, Abcam), NLRP3 
(1:100, Abcam), and CK5/6 (1:100, Abcam) overnight at 4 ◦C. On the 
following day, sections were incubated with the corresponding sec
ondary antibodies: TMEM71 secondary antibody was TRITC (1:500, 
Abcam), NLRP3 secondary antibody was Alexa Fluor 488 FITC (1:500, 
Abcam), and CK5/6 secondary antibody was Alexa Fluor 594 (1:500, 
Abcam) for 1 h at room temperature. TMEM71 displayed red fluores
cence, NLRP3 showed green fluorescence, and CK5/6 showed pink 
fluorescence. DAPI (1:5000, Abcam) was used for counterstaining, 
incubated at room temperature for 5 min to label the nuclei. Afterward, 
the sections were washed with PBS three times, each for 5 min. Finally, 
sections were mounted with an anti-fluorescence quenching mounting 
medium and stored in the dark. Fluorescence images were captured 
using a fluorescence microscope (Olympus, FV1000, Tokyo, Japan), and 
at least three images were taken for each slide to document the fluo
rescence signals of TMEM71, NLRP3, and CK5/6, as well as their co- 
localization.

Cell culture

The HNE-2 human NPC cell line, obtained from the American Type 
Culture Collection (ATCC), was thawed in a 37 ◦C water bath, trans
ferred to a 15 mL centrifuge tube with pre-warmed medium, and 
centrifuged at 250×g for 5 min. The supernatant was discarded, and 
cells were resuspended in 1 mL of RPMI-1640 medium (Shanghai 
Chuanqiu Biotechnology Co., Ltd). Cells were cultured in DMEM con
taining 10% fetal bovine serum and 1% streptomycin-penicillin 
(Chuanqiu), and maintained in a constant temperature incubator with 
medium changes every two days until 80% confluence was achieved.
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Plasmid transfection and grouping

Cells were divided into five groups: NC group (normal control), 
Empty vector control group (OE-NC), TMEM71 overexpression group 
(OE-TMEM71), OE-TMEM71 + si-NC group, and OE-TMEM71 + si- 
NLRP3 group. Transfection were performed using the Lipo8000™ 
transfection reagent (Shanghai Beyotime Co.) according to the protocol 
of manufacturer. All plasmids were synthesized by Sangon Biotech 
(Shanghai, Co., Ltd.). The sequences of the plasmids used in this study 
are shown in Table 1.

qPCR

Total RNA was extracted from cells in their logarithmic growth phase 
using Trizol reagent (Thermo Fisher Scientific, Shanghai, China). The 
RNA was then reverse transcribed into cDNA using a reverse transcrip
tion kit (Thermo Fisher Scientific). For qPCR, 1 μL of cDNA was used in a 
50 μL reaction mix containing SYBR Green dye (Thermo Fisher Scien
tific) and gene primers. The thermal cycling conditions were initial 
denaturation at 94 ◦C for 1 min, followed by 35 cycles of denaturation at 
95 ◦C for 25 seconds, annealing at 62 ◦C for 30 seconds, and extension at 
72 ◦C for 20 seconds. Gene expression levels were quantified using the 
2− ΔΔCt method, with β-actin as the internal control, and primer se
quences detailed in Table 1.

Western blot

Total proteins from HNE-2 cells using RIPA buffer (Thermo Fisher 
Scientific), and protein concentration was measured by BCA assay 
(Thermo Fisher Scientific). Equal amounts of protein (30 μg) were 
separated by SDS-PAGE and transferred onto a PVDF membrane 
(Beyotime). After blocking with 5% non-fat milk for 1.5 h, the mem
brane was incubated overnight at 4 ◦C with primary antibodies: 
TMEM71 (1:1000, Abcam), NLRP3 (1:1000, Abcam), Caspase-1-p20 
(1:1000, Abcam), Pro-Caspase-1 (1:1000, Abcam), GSDMD-N (1:1000, 
Abcam), and β-actin (1:5000, Abcam). Following washing, the mem
brane was incubated with HRP-conjugated secondary antibodies 
(1:5000, Abcam) for 1 h. Protein bands were detected using ECL reagent 
(Abcam) and visualized with a gel imaging system (Thermo Fisher Sci
entific). Band intensities were quantified using ImageJ software, and 
expression levels were normalized to β-actin.

Co-immunoprecipitation (Co-IP) assay

Total protein from HNE-2 cells was extracted and incubated over
night at 4 ◦C with IgG and specific antibodies. The following day, protein 

A/G PLUS-agarose beads were added, and the mixture was incubated for 
6 h at 4 ◦C to capture the immune complexes. The complexes were then 
dissociated using SDS sample buffer and boiled for 5 min. Western 
blotting was performed, and the precipitated protein complexes were 
detected using anti-TMEM71 and anti-NLRP3 antibodies.

Cell counting kit (CCK)-8 assay

Cells were seeded in a 96-well plates (2 × 103 cells/well) and 
cultured for 0 h, 24 h, 48 h, and 72 h. Every 24 h, 10 μL of CCK-8 solution 
(Beyotime) was added and incubated for 2 h at 37 ◦C in a 5% CO2. 
Absorbance was then measured at 450 nm using a microplate reader 
(Thermo Fisher Scientific).

Clonogenic assay

Treated cells were seeded (500 cells/well) in a 6-well plate and 
incubated for 14 days at 37 ◦C in 5% CO2, with the medium changed 
every three days. Colonies were then fixed, stained, and counted under a 
microscope.

Transwell assay

Cells were suspended in serum-free RPMI 1640 medium and added to 
the upper chamber of a Transwell insert. The lower chamber was filled 
with medium containing 10% FBS. After 24 h, non-invading cells were 
removed, and invading cells in the lower chamber were fixed, stained 
with crystal violet (0.5%), and counted under a microscope.

Statistical analysis

Data analysis and graph production were performed using GraphPad 
Prism (v9.0) and R (v4.3.0) software. Independent t-tests or ANOVA 
were used for normally distributed data, and the Wilcoxon rank-sum test 
or Kruskal–Wallis test for non-normal data. Pearson’s correlation anal
ysis assessed relationships between variables. Survival curves were 
generated using the Kaplan–Meier method, with the log-rank test was 
used for comparisons. Multivariate Cox regression analysis was con
ducted to identify independent prognostic factors, adjusting for signifi
cant variables from univariate analysis. A p-value of < 0.05 was 
considered statistically significant.

Results

Acquisition of NRGs in NPC

In the GSE53819 dataset, we identified 914 genes positively corre
lated with NLRP3 expression and 1272 genes downregulated in NPC 
tumor tissues compared to normal tissues. The intersection of these 
findings yielded 26 NRGs (Fig. 1A), with their chromosomal locations 
shown in Fig. 1B. KEGG enrichment analysis linked these NRGs signif
icantly with the leishmaniasis pathway (Fig. 1 C‒E), while GO enrich
ment analysis highlighted their involvement in immune cell behaviors 
such as lymphocyte proliferation and differentiation, and notably, in the 
inflammasome complex (Fig. 1D). Overall, we have successfully iden
tified 26 NRGs.

Identification of TMEM71 as a hub NRG in NPC

We validated the expression trends of 26 NRGs in the GSE64634 
dataset, identifying PHACTR1, RHOH, EMR3, SLC16A7, TMEM71, and 
CR1 as consistently downregulated in tumor tissues across both 
GSE64634 and GSE53819 datasets (Fig. 2A‒B). ROC analysis revealed 
TMEM71 as the most diagnostically promising gene (AUC = 0.941 and 
1.000), while EMR3 exhibited the lowest AUC values (0.815 and 0.854) 
(Fig. 2 C‒D). Six NRGs did not correlate with NLRP3 in the GSE64634 

Table 1 
Clinical characteristics of 421 patients with nasopharyngeal carcinoma.

Name of plasmid or 
primer

Sequences (5ʹ–3ʹ)

OE-TMEM71plasmid 
(F)

TACCGAGCTCGGATCCGCCACCATGTACCGAATATCTCAAC

OE-TMEM71plasmid 
(R)

GATATCTGCAGAATTCTCAAATTTTGACAAACCGAG

si-NLRP3 (siRNA) AGAACTAGTTGACTATATA
si-NC plasmid 

(siRNA)
GCGCGCTTTGTAGGATTCG

TMEM71-F ACTCATTTATACCAGGAAACAGACA
TMEM71-R TGTCTGTTTCCTGGTATAAATGAGT
NLRP3-F CCAGAACCTGCTGTCTTGTG
NLRP3-R AGAAGGGGTAGCAGTGGTCA
Caspase-1-F CCTCGCCTTTGCCGATCC
Caspase-1-R GGATCTTCATGAGGTAGTCAGTC
GSDMD-F GCCTCCACAACTTCCTGACAGATG
GSDMD-R GGTCTCCACCTCTGCCCGTAG
β-actin-F GGAGATTACTGCCCTGGCTCCTA
β-actin-R GACTCATCGTAC TCCTGCTTGCTG
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dataset (data not shown). However, further analysis using the 
GSE102349 revealed that the expression levels of PHACTR1, RHOH, 
TMEM71, and CR1 were positively correlated with NLRP3 expression 
(Fig. 3A). TMEM71 was the only gene with significant prognostic value, 
as higher expression correlated with better PFS (Fig. 3B). Immune cell 
infiltration analysis revealed significant differences between high and 
low TMEM71 expression groups, affecting seven immune cell types, 
such as naïve B-cells and plasma cells (Fig. 3C). In total, TMEM71 is 
identified as a hub NRG in NPC, with diagnostic, prognostic, and im
mune modulation potential.

TMEM71 act as an independent prognostic factor in NPC

To investigate the potential role of TMEM71 in NPC, we analyzed 
local clinical data from 421 NPC patients (Table 2). IHC analysis showed 
representative images of both positive and negative TMEM71 expression 
in NPC tumor tissues (Fig. 4A). Kaplan–Meier survival analysis 
demonstrated that patients with positive TMEM71 expression had 
significantly better Overall Survival (OS) than those with negative 
expression (Fig. 4B). Multivariate Cox regression analyses confirmed 
that positive TMEM71 expression in tumor tissues serves as an inde
pendent prognostic factor for NPC (Fig. 4C). Additionally, multiplex 
immunofluorescence staining revealed co-localization of TMEM71 with 
NLRP3 in NPC tumor cells (Fig. 4D). These findings highlight the tumor- 
suppressive potential of TMEM71 and its likely interaction with the 
NLRP3 in NPC pathogenesis.

TMEM71 may inhibit tumor growth by activating the NLRP3/Caspase-1/ 
GSDMD pathway in NPC

Molecular docking analysis revealed binding sites between TMEM71 
and NLRP3 (Fig. 5A), which was confirmed by co-immunoprecipitation 
(Fig. 5B). After transfecting with OE-TMEM71 plasmid, activation of the 
NLRP3/Caspase-1/GSDMD pathway was observed, as confirmed by 
qPCR and Western blot (Fig. 5C and D). CCK-8 assays showed a signif
icant reduction in NPC cell viability at 24 h, 48 h, and 72 h post- 
transfection (Fig. 5E), while clonogenic and invasion assays demon
strated reduced cell proliferation and invasiveness following TMEM71 
overexpression (Fig. 5F and G). These effects were reversed upon 
transfection with si-NLRP3 (Fig. 5B‒G). These findings suggest that 
TMEM71 inhibits NPC tumor growth by interacting with NLRP3 and 
activating the NLRP3/Caspase-1/GSDMD pathways.

Discussion

NLRP3, a key regulator of inflammation and pyroptosis, plays a 
significant role in tumorigenesis.15 However, its specific role in NPC 
remains unclear.16,17 Our study identified 26 genes positively correlated 
with NLRP3 and downregulated in NPC tissues using the GSE53819 
dataset, with six genes showing consistent diagnostic value in the 
GSE64634 dataset. Further analysis using the GSE102349 dataset 
revealed that TMEM71 is positively correlated with NLRP3 expression 
and is associated with improved PFS in NPC patients. Data from 421 

Fig. 1. (A) Venn diagram showing the common genes between those positively correlated with NLRP3 expression and differentially expressed genes between normal 
nasopharyngeal and NPC tumor tissues. (B) Distribution of NLRP3-Related Genes (NRGs) on human chromosomes. (C‒E) KEGG enrichment analysis (C, E) and GO 
enrichment analysis (D) of the NRGs.
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Fig. 2. (A‒B) Box plots illustrating the expression differences between tumor and normal tissues for 26 NRGs in the GSE53819 (A) and GSE64634 (B) datasets. (C‒D) 
ROC curve analyses evaluating the diagnostic value of 6 NRGs for NPC in the GSE53819 (C) and GSE64634 (D) datasets.

Fig. 3. (A) Linear correlation plot illustrating the relationship between NRGs and NLRP3 expression in the GSE102349 dataset. (B) Kaplan–Meier survival curves 
showing the difference in Progression-Free Survival (PFS) between patients with high and low TMEM71 expression. (C) Box plot showing differences in immune cell 
infiltration abundance between high and low TMEM71 expression groups in the GSE102349 dataset.
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local NPC patients confirmed TMEM71 as an independent prognostic 
factor for OS. Molecular docking and co-immunoprecipitation validated 
the interaction between TMEM71 and NLRP3, while multiplex immu
nofluorescence showed co-localization of these proteins in tumor cells. 
In vitro experiments showed that TMEM71 activates the 
NLRP3/Caspase-1/GSDMD pathway, reducing NPC cell viability, pro
liferation, and invasiveness. These results indicate the role of TMEM71 
in NPC pathogenesis and its relationship with NLRP3.

Recent studies increasingly employ bioinformatics to identify crucial 

genes in tumor progression. Utilizing TCGA data, previous studies have 
explored the roles of pyroptosis-related genes in NPC classification and 
diagnosis, as well as hypoxia-related genes’ impact on prognosis, 
immunotherapy, and cellular communication in head and neck squa
mous cell carcinoma.18,19 Building on this work, our study utilized 
public transcriptomic databases to focus on NLRP3, a core pyroptosis 
gene, and its associated genes, providing a detailed representation of 
pyroptosis-related genes. Ultimately, TMEM71 was identified as the hub 
NRGs. Recognizing the tumor microenvironment’s critical role in cancer 
progression,20 we also explored the relationship between TMEM71 and 
immune cell infiltration using the ssGSEA algorithm. Results indicated a 
positive correlation between TMEM71 expression and B cell infiltration, 
consistent with prior findings that higher B-cell density correlates with 
better NPC prognosis.21 Although previous studies suggest a 
tumor-suppressive role for M1 macrophages22,23 and dendritic cells24,25

in NPC, our analysis revealed a negative correlation between TMEM71 
and these immune cells, highlighting disease heterogeneity and the 
immune complexity. This suggests that TMEM71 may regulate immune 
cell infiltration and cell-cell communication, warranting further explo
ration. Additionally, our findings on the negative correlation between 
TMEM71 and plasma cells could provide new research directions, as the 

Table 2 
Primer sequences of genes analyzed.

Clinical features

Age at diagnosis (mean ± SD, years) 51.19 ±
17.01

Gender (n, Male/Female) 262/159
Pathological type (n, non-keratinizing differentiated / non- 

keratinizing undifferentiated)
71/350

TNM Stage (n, I‒II/III‒IV) 211/210
Tumor cell differentiation (n, low /middle and high polarization) 237/187
EBV load (n, </≥1500 copies/mL) 218/203
TMEM71 (n, negative/positive) 264/157

Fig. 4. (A) Immunohistochemical staining of TMEM71 in NPC, showing positive and negative expressions (×20 magnification). (B) Kaplan–Meier survival curves 
depicting the difference in Overall Survival (OS) between patients with high and low TMEM71 expression. (C) Univariate and multivariate Cox regression analyses 
assessing the prognostic impact of TMEM71 in NPC. (D) Immunofluorescence staining shows the co-localization of TMEM71 and NLRP3 in the cytoplasm of NPC 
tumor cells.
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role of plasma cells in NPC remains unclear.
The role of TMEM71 in various cancers is garnering attention. In 

gliomas, elevated TMEM71 expression correlates with enhanced im
mune responses, while in breast cancer, reduced TMEM71 levels have 
been noted, with studies showing its overexpression can curb cell pro
liferation and migration.26,27 TMEM71 is also a component of a prog
nostic model for papillary renal cell carcinoma.28 However, its role in 
NPC remains underexplored. Our study marks the first to outline 
TMEM71’s tumor-suppressive impact in NPC, establishing its positive 
expression as a standalone protective factor for overall survival. We 
found that TMEM71 curtails malignant behaviors in NPC cell lines and 
uniquely activates the NLRP3/Caspase-1/GSDMD pathway. Other 

TMEM family highlight their broad implications in cancer dynamics. For 
instance, TMEM25 inhibits EGFR-driven STAT3 activation in 
triple-negative breast cancer, and TMEM116 is crucial for lung cancer 
cell mobility and metastasis via the PDK1 pathway.29,30 TMEM9A pro
motes breast cancer progression by activating the Wnt/β-Catenin 
pathway.31 Overall, TMEM proteins influence cell proliferation, 
epithelial-mesenchymal transition, invasion, migration, and immune 
modulation, highlighting their potential as therapeutic targets in 
cancer.32

Although our study is the first to reveal the anti-tumor role of 
TMEM71 in NPC, several limitations exist. We did not conduct animal 
experiments, which would clarify mechanisms, particularly in the 

Fig. 5. (A) Molecular docking predicts the binding interaction between TMEM71 and NLRP3, with TMEM71 represented in yellow and NLRP3 in blue. (B) Co- 
immunoprecipitation confirms the interaction between TMEM71 and NLRP3. (C‒D) Expression differences of various genes at the mRNA (C) and protein (D) 
levels among different groups. (E) CCK-8 assay showing cell viability differences at 0 h, 24 h, 48 h, and 72 h in different cell lines. (F‒G) Clonogenic assay (F) and 
Transwell assay (G) demonstrating the clonogenic and invasion capabilities of different cell lines.
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immune microenvironment. The use of bulk transcriptome data limits 
cells specific insights, potentially affecting the reliability of observed 
expression trends. Additionally, retrospective analysis of clinical data 
may introduce selection bias, and we did not compare TMEM71 with 
other established NPC diagnostic markers like EBV DNA. Despite these 
limitations, this study fills the knowledge gap regarding the role of 
NLRP3 in NPC progression, suggesting that TMEM71, possibly through 
the NLRP3 pathway, could become a novel therapeutic target. Future 
animal models, single-cell analyses, prospective studies, and diagnostic 
comparisons will be essential to validate our findings and explore 
therapeutic potential.

Conclusions

TMEM71 is downregulated in NPC tissues and significantly associ
ated with PFS, OS, and immune cell infiltration. Overexpression of 
TMEM71 activates the NLRP3/Caspase-1/GSDMD pathway, inhibiting 
NPC cell malignancy. These findings indicate TMEM71’s potential as a 
prognostic marker, as well as a therapeutic target in NPC.
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