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LETTER TO EDITOR

Prognostic, clinicopathological, and immune correlation of
NLRP3 promoter methylation in kidney renal clear cell
carcinoma

Dear Editor,
NLRP3 is a cytosolic protein, which plays a crucial

role in inflammatory response.1 Abnormal elevation of
NLRP3 expressionhas been observed in a variety of cancers
and associated with tumor progression.2 However, system-
atic analysis of NLRP3 promoter methylation in cancers
remains elusive as yet. Hence, we analyzed the NLRP3
promoter methylation between normal and tumor tissues
in all tumor types from TCGA database, and we found
that NLRP3 promoter was hypomethylated in tumor tis-
sues in the majority of tumor types (Figure S1). Subse-
quently, we analyzed the prognostic value of NLPR3 pro-
moter by univariate Cox regression and found that NLRP3
promoter methylation had the best predictive efficiency
of overall survival in kidney renal clear cell carcinoma
(KIRC) patients (Table S1). Therefore, we focused on inves-
tigating the role of NLRP3 promoter methylation in KIRC.
KIRC is considered to be an immunotherapy-responsive

tumor,3 and the management of KIRC has been trans-
formed by the development of immune-checkpoint
inhibitors.4 Here, we aim to investigate the immune corre-
lation and clinical significance of NLRP3 promoter methy-
lation in KIRC. To investigate NLRP3 promoter methyla-
tion status in tumor and normal adjacent tissues in KIRC,
we conducted the differential analysis of all CpG sites
located in NLRP3 in TCGA cohort. We found that all CpG
sites in NLRP3 promoter were significantly hypomethy-
lated in KIRC tumor tissues (Figure 1A and Figure S2A).
Analysis of two independent GEO datasets further val-
idated hypomethylation of NLRP3 promoter in tumor
(Figure S2B, C). Gene promoter methylation plays an
important role in gene transcription and expression in both
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gene-set enrichment analysis; SYSUCC, Sun Yat-sen University Cancer
Center; TCGA, The Cancer Genome Atlas
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physiological and pathological conditions.5 Further inves-
tigation of the relationship betweenNLPR3 expression and
its promoter methylation found that NLRP3 expression
was significantly elevated in tumor tissues andNLRP3 pro-
moter methylation was significantly negatively correlated
with NLPR3 expression (Figure S3). Subsequently, we
analyzed the prognostic values of NLRP3 promoter methy-
lation by Kaplan–Meier survival analysis. We found that
all hypomethylation of all CpG sites (except cg14413862)
was associated with poor survival (Figure 1B–I). Further
analysis of the correlation of NLRP3 promotermethylation
with clinicopathological characteristics found that NLRP3
promoter was hypomethylated in advanced AJCC stage,
TNM stage, and pathological grade (Figure S4).
Epigenetic biomarkers, especially DNA methylation,

open new avenues for research on clinical biomarkers for
immune checkpoint blockade therapy.6 Considering the
vital role of NLRP3 in immune regulation,7 we specu-
lated that NLRP3was associatedwith immune cell infiltra-
tion of tumor microenvironment. We analyzed the associ-
ation between NLRP3 expression and promoter methyla-
tion with 23 types of immune cells in TCGA KIRC cohort,
andwe found thatNLRP3 expressionwas significantly pos-
itively correlated with infiltration of all types of immune
cells in tumor tissues, while NLRP3 promoter methyla-
tion (especially cg21919599, cg21991396, cg26112639, and
cg21806273) was negatively associated with immune cell
infiltration (Figure 2A). This was further validated by our
analysis of CPTAC cohort (Figure S5A). To further analyze
the role of NLRP3 promoter in tumor microenvironment,
we calculated the enrichment scores of three immune sup-
pressive pathways (coinhibition APC, coinhibition T cell,
and immune checkpoint) using data from TCGA cohort.
We then analyzed the enrichment scores in high and low
groups of NLRP3 expression and promoter methylation,
which were divided by the median of each, respectively.
We found that samples with high NLRP3 expression had
significantly elevated enrichment scores (Figure 2B). The
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F IGURE 1 NLRP3 promoter hypomethylation is associated with poor survival in KIRC patients. (A) The heatmap of differentially
methylated CpG sites located in NLPR3. (B–I) Kaplan–Meier survival analysis of eight NLRP3 promoter CpG sites (cg21919599, cg21991396,
cg26112639, cg21806273, cg03505654, cg07313373, cg03466998, and cg14413862) for overall survival in TCGA cohort according to the optimal
cutoff value, respectively
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F IGURE 2 NLRP3 expression and promoter methylation are correlated with immune cell infiltration in KIRC. (A) The correlation
heatmap of NLRP3 expression and eight differentially methylated CpG sites with 23 types of immune cells in TCGA KIRC cohort, only
statistically significant (p < 0.05) are shown in color and correlation coefficients. (B–D) Relative enrichment scores of three immune
inhibitory pathways (coinhibition APC, coinhibition T cell, and immune checkpoint) in high and low group according to median of NLRP3
expression and methylation of cg21919599, cg21991396, cg26112639, cg21806273, cg03505654, cg07313373, and cg03466998, respectively
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F IGURE 3 NLRP3 expression and promoter methylation correlate with the expression of immune checkpoint molecules. (A) The
correlation heatmap of NLRP3 expression and eight differentially methylated CpG sites with 74 types of proteins closely related to regulation
of antitumor immune responses in TCGA KIRC cohort, only statistically significant (p < 0.05) are shown in color and correlation coefficients.
(B–D) The correlation of NLRP3 expression and cg21919599 or cg21806273 methylation with immune checkpoint molecules PD1, CTLA4,
LAG3, TIGIT, CD80, and PDL2, respectively
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F IGURE 4 NLRP3 promoter methylation is associated with overall survival and tumor infiltration of CD4/CD8 T cells in SYSUCC
validation cohort. (A) Relative cg21919599 methylation between tumor and normal adjacent tissues of SYSYCC cohort. (B) Kaplan–Meier
survival analysis of cg21919599 methylation in SYSUCC cohort. (C) The correlation of cg21919599 methylation with CD4, CD8, and NLRP3
expression in SYSUCC cohort, respectively. (D) The representative IHC pictures of CD4, CD8, and NLRP3 in high and low cg21919599
methylation group of SYSUCC cohort (high group: 66, low group: 29)
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enrichment scores of the three pathways were signifi-
cantly higher in the hypomethylation group (especially in
cg21919599, cg21991396, cg26112639, and cg21806273) (Fig-
ure 2C–F), whereas no significant difference was found
between high and low group of other CpG sites (Fig-
ure 2G–I). Our analysis using data from CPTAC cohort
also validated our results above (Figure S5B–F). These
results demonstrated that NLRP3 expression and promoter
methylation were associated with both immune cell infil-
tration and immune suppressive pathways in KIRC.
Effective antitumor immune responses were mediated

by a variety of cytokines and membrane proteins.8 There-
fore, we analyzed the association of NLRP3 expression
and promoter methylation with 74 types of proteins closely
related to regulation of antitumor immune responses using
data from TCGA cohort. We found that NLRP3 expression
was positively correlated withmost of these proteins, espe-
cially immune checkpoint molecules, while NLRP3 pro-
motermethylationwas negatively associatedwith immune
checkpoint molecules (Figure 3A). Subsequently, we elab-
orately analyzed the association of NLRP3 expression and
methylation of cg21919599 and cg21806273 with the most
important immune checkpoint molecules (LAG3, PD1,
CD80, TIGIT, PDL2, and CTLA4), and we found that
NLRP3 expression was positively correlated with these
checkpoint molecules, whereas methylation of cg21919599
and cg21806273 was negatively correlated (Figure 3B–D).
Moreover, our analysis using data from CPTAC also vali-
dated our results (Figure S6A–C).
Considering that cg21919599 was among the most sig-

nificant prognostic factors and its significant association
with TNM stage, pathological grade, and infiltration of
immune cell, we selected CpG site cg21919599 for our
verification in SYSUCC validation cohort. We also found
significant positive correlation between cg21919599 and
three promising CpG sites (cg21806273, cg21991396, and
cg26112639) (Figure S7), indicating that cg21919599 was
representative. First, we examined the methylation of
cg21919599 by pyrosequencing. The results showed that
methylation of cg21919599 was significantly decreased in
tumors compared to normal adjacent tissues (Figure 4A)
and cg21919599 hypomethylation was associated with poor
overall survival (Figure 4B). CD4 and CD8 T cells are the
final executors of antitumor immune responses, which are
themost important immune cells in antitumor immunity.9
Hence, we examined the expression of CD4, CD8, and
NLRP3 in tumor tissues by immunohistochemistry (IHC).
We found that cg21919599 methylation was negatively cor-
related with CD4, CD8, and NLRP3 expression (Figure 4C,
D), which was consistent with our previous results from
TCGA and CPTAC cohorts. These results further validated
that NLRP3 promoter methylation was associated with
overall survival and infiltration of immune cells in KIRC.

In conclusion, our data suggested that NLRP3 mRNA
expression was probably regulated by its promoter methy-
lation, which is associated with clinicopathological char-
acteristics, overall survival, and immune cell infiltration in
KIRC. Our study provides a solid ground for further testing
NLRP3 promotermethylation as a predictive biomarker for
response to immune checkpoint inhibitors in KIRC.
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