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Abstract 

Background: Exploring potential biomarkers for predicting clinical outcomes and developing targeted 
therapies for acute myeloid leukemia (AML) is of utmost importance. This study aimed to investigate the 
expression pattern of the thioredoxin-interacting protein (TXNIP)/nucleotide-binding oligomerization domain 
(NOD)-like receptor protein 3 (NLRP3) pathway and its role in the prognosis of AML patients. 
Methods: In this study, we examined the prognostic value of TXNIP/NLRP3 pathway in AML patients using 
microarray data from Gene Expression Omnibus (GEO) and transcriptome data from the Cancer Genome 
Atlas (TCGA) to develop a prognostic model and validated the results by quantitative real-time PCR 
(qRT-PCR) in a validation cohort of 26 AML patients and 18 healthy individuals from Jinan University (JNU) 
database. 
Results: Analysis of the GSE13159 database revealed that TXNIP, interleukin 1 beta (IL1B) within the 
TXNIP/NLRP3 pathway were significantly upregulated and caspase1 (CASP1) was downregulated in AML 
patients (TXNIP, P = 0.031; IL1B, P = 0.042; CASP1, P = 0.038). Compared to high NLRP3 expression, AML 
patients with low NLRP3 expression had a longer overall survival (OS) in the GSE12417 dataset (P = 0.004). 
Moreover, both the training and validation results indicated that lower TXNIP, NLRP3, and IL1B expression 
were associated with favorable prognosis (GSE12417, P = 0.009; TCGA, P = 0.050; JNU, P = 0.026). According 
to the receiver operating characteristic curve analysis, this model demonstrated a sensitivity of 84% for 
predicting three-year survival. These data might provide novel predictors for AML outcome and direction for 
further investigation of the possibility of using TXNIP/NLRP3/IL1B genes in novel targeted therapies for AML. 
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Introduction 
Acute myeloid leukemia (AML) is a genetically 

heterogeneous disease, characterized by abnormal 
hematopoiesis, differentiation blockade and 
inadequate production of blood cells (1,2). It is the 
most common myeloid leukemia in adults (3,4). 
Previous research in our laboratory have shown that 
the prognosis of AML is closely related to immune 
checkpoints (5-7). In the era of tumor immunotherapy, 

the impact of inflammatory pathways on the 
effectiveness of anti-tumor immunity and tumor 
progression is increasing evident (8-10). Therefore, it 
is essential to study the inflammatory response in the 
tumor microenvironment. 

Dysregulation of redox-controlled gene 
expression may be a common event in the 
pathogenesis of AML (11). It has been reported that 
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increased levels of thioredoxin-interacting protein 
(TXNIP) contribute to the growth of leukemic cells 
(12). TXNIP, as a negative regulator of the key 
antioxidant system thioredoxin (TRX), is sensitive to 
reactive oxygen species (ROS) (13). It binds to the 
active cysteine residue of TRX and inhibits its 
antioxidative function. TXNIP also participates in 
other signaling pathways, playing roles in immune 
and inflammatory responses, glucose metabolism, 
and lipid metabolism. It is also involved in cell 
proliferation, differentiation, and apoptosis. TXNIP 
acts as a ligand for nucleotide-binding oligomeri-
zation domain (NOD)-like receptor protein 3 (NLRP3) 
(14). In the presence of high levels of ROS, elevated 
TXNIP protein activates NLRP3 inflammasome and 
activates a range of downstream genes, leading to 
chronic inflammatory and promoting tumor 
occurrence and progression (15,16). The NLRP3 
inflammasome is one of the most well-known 
inflammasomes, consisting of NLRP3, apoptosis- 
associated speck-like protein containing CARD (ASC) 
and a CARD-domain effector protein pro-caspase-1 
(17). In canonical or classical activation pathways, 
pathogen-associated molecular pattern molecules 
(PAMPs) or danger-associated molecular pattern 
molecules (DAMPs) induce NLRP3 oligomerization, 
recruiting the adapter ASCs and pro-caspase-1 to 
assemble the NLRP3 inflammasomes (18). This 
ultimately leads to the self-cleavage of the 
pro-caspase-1, forming activated caspase-1 (CASP1), 
which then cleaves pro- interleukin-1β (pro-IL-1β) 
and pro- interleukin-18 (pro-IL-18) into their form 
active mature forms, IL-1β and IL-18, inducing 
inflammation and even cell death (19). It has been 
reported that the NLRP3 inflammasome is 
overexpressed and highly activated in AML bone 
marrow leukemia cells, and it is correlated with poor 
prognosis (20). However, the role of TXNIP/NLRP3 
inflammation in AML patients remains unclear. This 
study aims to evaluate the potential value of 
inflammasome molecules in AML by examining their 
expression and prognostic significance. Based on the 
analysis from Gene Expression Omnibus (GEO), the 
Cancer Genome Atlas (TCGA) and our Jinan 
University (JNU) databases, we observed that lower 
expression pattern of inflammasome-related 
molecules was associated with better clinical 
outcomes. These results highlight the potential of 
inflammasome pathway as a promising biomarker for 
prognosis of AML patients. 

Materials and methods 
Microarray data from GEO 

We obtained microarray data from GEO 
database. We considered studies were eligible 

according to the following standards: (1) studies with 
peripheral blood (PB) or bone marrow (BM) samples 
from healthy individuals (HIs) and AML (2) studies 
with information about the technology and platform 
utilized for studies. Based on these, we downloaded 
two datasets (GSE13159 and GSE12417) from the 
repository. GSE13159, including 542 AML patients 
and 74 HIs, was used to analyze relative gene 
expression and GSE12417, including 79 AML patients, 
was used to perform survival analysis. 

RNA sequence data from TCGA database 
Gene expression quantification data and clinical 

information of AML patients were collected from 
TCGA database. We utilized the R package 
“TCGAbiolinks” to download data that include a total 
of 167 AML patients from TCGA. Overall survival 
(OS) was defined as the time from diagnosis to death 
or last follow-up. 

PB samples information from JNU dataset 
A total of 26 PB samples were collected from the 

newly diagnosed AML patients at the First Affiliated 
Hospital of JNU database from March 1, 2014, to 
October 1, 2023. Additionally, 18 PB samples from age 
matching HIs, including 10 males and 8 females, with 
ages ranging from 24 to 66 years, with a median age of 
36 years, were included as controls. The clinical 
information of the patients in the validation cohort 
was listed in Table 1. This study was performed in 
accordance with the principles of the Declaration of 
Helsinki and was approved by the Ethics Committee 
of the First Affiliated Hospital of Jinan University. All 
participants provided written informed consent. 

Quantitative real-time PCR (qRT-PCR) 
Peripheral blood mononuclear cells (PBMCs) 

were separated from PB samples of the AML patients 
by Ficoll density centrifugation (Sigma Aldrich). Then 
total RNA was extracted from the PBMCs using 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instructions and was 
reversed transcribed into complementary DNA 
(cDNA) using PrimeScript™ RT reagent Kit (Takara) 
according to the experimental instructions. The 
relative expression levels of TXNIP, NLRP3, CASP1, 
and IL1B were measured by qRT-PCR with SYBR 
Master Mix (TIANGEN, Beijing, China), and B2M was 
selected as an internal control. The primer sequences 
for qRT-PCR are shown in Table S1. The expression 
levels of TXNIP, NLRP3, CASP1, and IL1B are 
presented as 2−ΔΔCT*100. 

Statistical analysis 
Statistical analyses were performed using 

Statistical Product and Service Solution (SPSS) 
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(version 22.0, IBM, Armonk, NY, USA), GraphPad 
Prism (version 8.0, CA, USA) software and R (version 
4.3.2). Comparison between the differences in mRNA 
expression levels between HIs and AML patients 
were analyzed by Mann Whitney U test for 
non-parametric values. The log-rank test conducted 
by R package “survminer” was used to compare 
differences in Kaplan–Meier curves. The restricted 
mean survival time (RMST) was obtained by the 
“survRM2” R package. The receiver operating 
characteristic (ROC) curve was performed by the 
“timeROC” R package. A two-tailed P value < 0.05 
was statistically significant. 

 

Table 1. Clinical information of patients with acute myeloid 
leukemia 

Variables  TCGA JNU GSE12417 GSE13159 
Total, n 167 26 79 542 
Gender, n (%) 

    

female 78 (46.8%) 10 (38.5%) 0 (0%) 0 (0%) 
male 89 (53.2%) 16 (61.5%) 0 (0%) 0 (0%) 
Missing 0 (0%) 0 (0%) 79 (100%) 542 (100%) 
Age, years, 
median(range) 

    

Mean (SD) 55.0 (16.08) 52.8 (18.61) 59.8 (14.0) - 
Median (Min, Max) 58.0 (18.0, 

88.0) 
57.5 
(20-86) 

62.0 (18.0, 
85.0) 

- 

Missing 0 (0%) 0 (0%) 0 (0%) 542 (100%) 
FAB 

    

non-M3 154 (92.2%) 19 (73.1%) 79 (100%) 0 (0%) 
M3 16 (7.8%) 2 (7.7%) 0 (0%) 0 (0%) 
Missing 0 (0%) 5 (19.2%) 0 (0%) 542 (100%) 
Risk, n (%) 

    

Favorable 33 (19.7%) 2 (7.7%) 0 (0%) 0 (0%) 
Intermediate/Normal 97 (58.1%) 10 (38.5%) 0 (0%) 0 (0%) 
Poor 35 (21.0%) 14 (53.8%) 0 (0%) 0 (0%) 
Missing 2 (1.2%) 0 (0%) 79 (100%) 542 (100%) 

Abbreviations: TCGA, the cancer genome atlas; GSE12417, gene expression 
omnibus series 12417 dataset; GSE13159, gene expression omnibus series 13159 
dataset; JNU, Jinan University; FAB, French–American–British classification 
systems. 
*Due to rounding, not all percentages total 100%. 

 

Results 
Expression and clinical features of 
TXNIP/NPRP3 pathway related genes in AML 

We initially assessed the expression levels of 
altered TXNIP/NLRP3 pathway in AML patients by 
analyzing the microarray data from the GEO 
database. The differentiation was analyzed between 
the 542 AML patients and 74 HIs from GSE13159 
datasets. The expression levels of TXNIP and IL1B 
were significantly higher in AML patients than in HIs 
(P = 0.031 and P = 0.042, Figure 1A). However, the 
expression level of CASP1 was lower in AML patients 
than in the HIs (P = 0.038). To further investigate the 
role of TXNIP/NLRP3 pathway in the clinical 
prognosis of AML patients, we analyzed the 
association between the expression levels of 

TXNIP/NLRP3 pathway genes and OS of microarray 
data from 79 AML patients in the GSE12417 dataset 
by Kaplan-Meier curves. Based on median of gene 
expression level, we divided the patients into high 
and low expression groups. The results demonstrated 
that AML patients with lower NLRP3 expression had 
a longer survival time and better OS (1-year OS: 
NLRP3low vs. NLRP3high 79% vs 44%, hazard ratio (HR) 
= 0.44, 95% confidence interval (CI): 0.24 to 0.79, P = 
0.004, Figure 1B). However, TXNIP, CASP1, and IL1B 
expression in the GSE12417 dataset were not 
statistically significant (P = 0.139, P = 0.356, and P = 
0.574, Figure 1B). 

Lower co-expression patterns of 
TXNIP/NPRP3 pathway related genes are 
associated with favorable OS in AML patients 

Considering an additive effect on the outcome 
with multiple genes involved in the TXNIP/NLRP3 
pathway, we further characterized the predictive 
value of co-expression patterns in AML. We found 
that AML patients with low expression of both TXNIP 
and NLRP3 had better OS in comparison with those 
with high expression of both genes or high expression 
of either gene alone in GSE12417 database (1-year OS: 
TXNIPlowNLRP3low vs. TXNIPhighNLRP3high vs. 
TXNIPhigh or NLRP3high, 91% vs. 48% vs. 50%, P = 
0.005, Figure 2A). To further investigate the 
relationship between TXNIP and its related genes, we 
combined three genes to screen out the combination 
mode that best significatively predict the OS in AML 
patients. According to the median values of single 
genes, AML patients were divided into triple low, 
triple high, and other groups. Intriguingly, we found 
that patients with low expression of TXNIP, NLRP3 
and CASP1 or low expression of TXNIP, NLRP3 and 
IL1B had a better prognosis (1-year OS: 
TXNIPlowNLRP3lowCASP1low vs. TXNIPhighNLRP3high 

CASP1high vs. TXNIPhigh or NLRP3high or CASP1high, 
89% vs 56% vs 51%, P = 0.014; 
TXNIPlowNLRP3lowIL1Blow vs. TXNIPhighNLRP3high 

IL1Bhigh vs. TXNIPhigh or NLRP3high or IL1Bhigh, 100% vs 
57% vs 50%, P = 0.009, Figure 2B, C). Meanwhile, 
RMST was used to evaluate the performance of the 
Kaplan-Meier curve, and we found had longer 3-year 
RMST in AML patients who are co-low expression of 
TXNIP, NLRP3 and CASP1 or TXNIP, NLRP3 and 
IL1B (3-year RMST: TXNIPlowNLRP3lowCASP1low vs. 
TXNIPhighNLRP3highCASP1high vs. TXNIPhigh or 
NLRP3high or CASP1high, 902 vs. 556 vs. 479 days; 
3-year RMST: TXNIPlowNLRP3lowIL1Blow vs. 
TXNIPhighNLRP3highIL1Bhigh vs. TXNIPhigh or 
NLRP3high or IL1Bhigh, 946 vs. 600 vs. 490 days, Figure 
2B and 2C). 
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Figure 1. Relative expression and OS analysis of TXNIP, NLRP3, CASP1, and IL1B in GSE13159 and GSE12417. (A) Relative expression of TXNIP, NLRP3, CASP1 
and IL1B in AML patients and HIs. (B) OS analysis of high and low expression of TXNIP, NLRP3, CASP1, IL1B in GSE12417 dataset, Kaplan-Meier curves were plotted. 

 
To elucidate the prognostic importance and 

verify the effects of co-expression patterns of the 
relationship between TXNIP and its related genes in 
AML patients, we further analyzed these genes in 167 
AML patients from TCGA database. Using the 
co-expression patterns of TXNIP and related genes to 
evaluated the OS, higher OS was observed in AML 
patients with low expression of both TXNIP and 
NLRP3, and low expression of TXNIP and CASP1 
compared to those with high expression of either gene 
or both genes (1-year OS: TXNIPlowNLRP3low vs. 
TXNIPhighNLRP3high vs. TXNIPhigh or NLRP3high, 77% 
vs. 53% vs. 45%, P = 0.001; TXNIPlowCASP1low vs. 
TXNIPhighCASP1high vs. TXNIPhigh or CASP1high, 82% 
vs. 55% vs. 37%, P = 0.001; Figure 3A). Furthermore, 
AML patients with low expression of TXNIP, NLRP3 
and CASP1 and low expression of TXNIP, NLRP3 and 
IL1B were significantly associated with favorable OS 
(1-year OS: TXNIPlowNLRP3lowCASP1low vs. 
TXNIPhighNLRP3highCASP1high vs. TXNIPhigh or 
NLRP3high or CASP1high, 86% vs 56% vs 44%, P = 0.001; 
TXNIPlowNLRP3lowIL1Blow vs. TXNIPhighNLRP3high 

IL1Bhigh vs. TXNIPhigh or NLRP3high or IL1Bhigh, 81% vs 
45% vs 54%, P = 0.050, Figure 3B, C). Similarly, in 
TCGA database, AML patients with co-low 

expression of TXNIP, NLRP3 and CASP1 or TXNIP, 
NLRP3 and IL1B had longer RMST (3-year RMST: 
TXNIPlowNLRP3lowCASP1low vs. TXNIPhighNLRP3high 

CASP1high vs. TXNIPhigh or NLRP3high or CASP1high, 
787 vs. 558 vs. 476 days; 3-year RMST: 
TXNIPlowNLRP3lowIL1Blow vs. TXNIPhighNLRP3high 

IL1Bhigh vs. TXNIPhigh or NLRP3high or IL1Bhigh, 736 vs. 
447 vs. 550 days, Figure 3B and 3C). These results 
were also confirmed in the validation cohort. 
Compared with patients with low co-expression of 
TXNIP, NLRP3 and IL1B, those with high expression 
are at higher risk of death. 

Validation of the prognosis value of lower 
co-expression of TXNIP/NLRP3/IL1B genes in 
JNU dataset 

To further validate the prognostic value of 
TXNIP/NLRP3 pathway genes AML patients, we 
collected 26 AML patients and 18 HIs in our center. 
Compared to HIs, CASP1 expression was significantly 
higher in AML patients (P = 0.014, Figure, 4A). In 
addition, the low expression of TXNIP had better OS 
in AML patients (1-year OS: TXNIPlow vs. TXNIPhigh, 
77% vs 45%, HR = 0.19, 95%CI: 0.05 to 0.81, P = 0.025, 
Figure 4B). The co-expression patterns in JNU dataset 
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of TXNIP and related genes to evaluate the OS, higher 
OS was observed in AML patients with low 
expression of both TXNIP and NLRP3, compared to 
those with high expression of either gene or both 
genes, had a better prognosis (1-year OS: 
TXNIPlowNLRP3low vs. TXNIPhighNLRP3high vs. 
TXNIPhigh or NLRP3high, 100% vs 25% vs 60%, P = 
0.003, Figure 4C). Furthermore, AML patients with 
low expression of TXNIP, NLRP3 and IL1B had a 
longer survival time compared to those with high 

expression of either gene or all three genes (1-year OS: 
TXNIPlowNLRP3lowIL1Blow vs. TXNIPhighNLRP3high 

IL1Bhigh vs. TXNIPhigh or NLRP3high or IL1Bhigh, 100% vs 
33% vs 57%, P = 0.026, Figure 4D and 4E). In 
conclusion, we think AML patients with 
TXNIPlowNLRP3lowIL1Blow had a better OS. 
Meanwhile, the area under the receiver operating 
characteristic curve (AUC) showed that the sensitivity 
of this model for predicting three-year survival was 
84% (95% CI: 52.91 to 114.16, Figure 4E). 

 

 
Figure 2. Co-expression patterns of TXNIP, NLRP3, CASP1, and IL1B in AML patients in GSE12417 dataset. (A) OS analysis of TXNIPlowNLRP3low, 
TXNIPlowCASP1low, TXNIPlowIL1Blow, and (B)TXNIPlowNLRP3lowCASP1low, (C) TXNIPlowNLRP3lowIL1Blow (left panel). The analysis of RMST, 3-year RMST was plotted (right panel). 
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Figure 3. Co-expression patterns of TXNIP, NLRP3, CASP1, and IL1B in AML patients in TCGA database. (A) OS analysis of TXNIPlowNLRP3low, TXNIPlowCASP1low, 
TXNIPlowIL1Blow, and (B) TXNIPlowNLRP3lowCASP1low, (C) TXNIPlowNLRP3lowIL1Blow (left panel). The analysis of RMST, 3-year RMST was plotted (right panel). 

 

Discussion 
Inflammatory responses play a crucial role in the 

development and maintenance of inflammatory 
tumor environment, which supports tumor growth 
and promotes neoplastic transformation, invasion, 
and metastasis (21,22). The TXNIP/NLRP3 pathway 
has been extensively studied in the context of 
inflammation and its inhibition by drugs, shedding 
light on the relationship between inflammation and 
disease (23,24).  

We mainly focused on the prognostic biomarkers 
of TXNIP/NLRP3 pathway in the AML in this study. 

We analyzed a total of 274 AML patients from 3 
different databases (GEO, TCGA, and JNU) to assess 
OS and validate our findings. The results showed that 
low expression of NLRP3 predicted a better prognosis 
in AML patients in the GEO database and low 
expression of TXNIP predicted a better prognosis in 
AML patients in JNU database. Moreover, the 
co-expression of low TXNIP and NLRP3 were 
consistently associated with improved OS across all 
three databases. NLRP3 is considered an important 
intermediator between stressful stimuli and 
inflammatory responses, and its deregulation has 
been implicated in tumor progression. Previous 
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studies have reported increased expression levels of 
NLRP3 inflammasome molecules in AML, suggesting 
their involvement in the disease (25, 26). Basiorka et al. 
reported activation of the NLRP3 inflammasome in 
hematopoietic stem and progenitor cells as a critical 
convergence signal in myelodysplastic syndromes 
(MDS), which direct activation of NLRP3 complexes 
and CASP1 and generation of IL-1β and pyroptotic 
cell death (27). These findings drive pyroptotic cell 
death and β-catenin activation and delineation of the 

role of the pyroptosis in the clinical phenotype of 
MDS patients which suggesting new avenues for 
therapeutic intervention (28). There are also various 
mechanisms contribute to the activation of NLRP3 
inflammasome, including TXNIP, calcium flux, and 
ROS (29). Specifically, TXNIP has been shown to bind 
to NLRP3 after dissociation of TXNIP from TRX in 
response to oxidative stress, thereby activating 
NLRP3 inflammasome (30). However, the functional 
roles of TXNIP in carcinogenesis remain controversial. 

 

 
Figure 4. Validation results of JNU dataset (A) Relative expression of TXNIP, NLRP3, CASP1 and IL1B in AML patients and HIs. (B) Single expression patterns of TXNIP, 
NLRP3, CASP1, and IL1B were plotted to be forest plot. (C) Low co-expression TXNIP/NLRP3 AML patients had a better OS. (D) and (E) triple expression patterns of TXNIP, 
NLRP3, CASP1, IL1B and AUC of TXNIP/NLRP3/IL1B (right panel). 
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Although the expression of TXNIP alone, NLRP3 
alone, or co-expression of TXNIP and NLRP3 cannot 
accurately predict the prognosis for all patients, 
combining TXNIP, NLRP3 and other genes may yield 
a more precise prognostic model. Our finding 
demonstrated that lower co-expression of TXNIP, 
NLRP3, and IL1B were associated with better OS of 
AML in all three databases. These findings could 
serve as valuable predictor of OS for AML. Several 
studies have reported a correlation between 
dysregulated IL-1β secretion and leukemia 
progression and poor prognosis (31). In addition, 
chronic stress has been shown to enhance infiltration 
and proliferation of AML cells, thereby worsening OS 
in AML mice models (32). These highlighted the 
oncogenic role of NLRP3/CASP1/IL-1β signaling in 
AML development, with IL-1β acting as a key 
mediator in disease progression (33). Therefore, 
targeting the combination of TXNIP, NLRP3, and 
IL-1β with more specific pharmacological inhibitors 
might be more beneficial for the treatment of AML. 

Conclusions 
Taken together, our study reveals that lower 

co-expression of TXNIP, NLRP3, and IL1B is 
associated with a favorable prognosis in AML 
patients. These findings provide novel insight into 
evaluation and the design of combination targeted 
therapies for AML. 
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