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ABSTRACT

Caspasel (CASP1) is a gene that encodes multiple proteins related to cell death. Nevertheless, the function of
CASP1 in the pathogenesis of AML is still unclear. In the present study, a detailed analysis of cancer versus
normal samples was performed to explore the relationship between CASP1 and leukemia. We used
sequencing data from multiple cancer gene databases to analyze the gene expression and regulatory network
of CASP1 in leukemia. We discovered that mRNA expression levels of CASP1 are increased in leukemia cell
lines, especially in acute myelocytic leukemia (AML). Then, we verified the mRNA expression of CASP1 in AML
clinical samples and observed significantly higher expression of CASP1 in relapsed AML patients. High CASP1
expression was associated with poor prognosis and CASP1 inhibition could impair the proliferation of AML
cells. Related functional network identification suggests that CASP1 regulates apoptosis, immune and
inflammatory response via pathways involving LYN, LCK, and the E2F family. These findings suggest that
CASP1 probably contributes to the pathogenesis, and identify CASP1 as a factor for predicting the prognosis
and as a therapeutic target of AML patients.

INTRODUCTION

Leukemia is the most common cause of hematologic
malignancies in which immature precursors proliferate
and accumulate in bone marrow and other
hematopoietic tissues due to abnormal proliferation and
differentiation [1]. Survival rates and prognosis are poor
due to a high rate of refractory recurrence. The
therapeutic effects of existing drugs are poor owing to
the complex molecular mechanism of leukemia and
chemoresistance [1, 2]. In addition, a lack of clear drug
targets for leukemia is a critical factor in its treatment.
Cascade activation of caspases is closely related to
multiple cell death processes.

As a member of caspases family, CASP1 was first
isolated from the human monocyte cell line THP1. It
has been regarded as a key enzyme of the apoptotic

pathway [3, 4]. CASP1 is involved in proteolysis,
protein auto processing, apoptosis, and several
important signaling pathways [5-11]. Inflammasome
plays a crucial role in the process of chronic
inflammation and carcinogenesis [12]. CASP1, a key
component of the inflammasome, had been reported to
have a profound impact on tumors formation and
progression in multiple human cancers [13, 14].
CASP1 decreased significantly in prostate cancer [15]
and ovarian cancer, indicating that down-regulation of
CASP1 may play an important role in the carcino-
genesis and progression of tumors [16]. However, it
has been reported that genetic variants common in
genes associated with apoptosis and immune
regulation are associated with risk of chronic
lymphocytic leukemia (CLL) [17]. Meanwhile, CASP1
and its activator NLRP3 are the core component of the
inflammasome, and its overexpression in ALL (Acute

WWWw.aging-us.com 14088

AGING


mailto:lindj@mail.sysu.edu.cn
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/

lymphocytic  leukemia) leads to glucocorticoid
resistance [18]. Although the role of CASP1 in
carcinogenesis is controversial, it may be a prospective
indicator for leukemia prevention and treatment.

Here, we performed data mining on the expression
and prognosis of CASP1 in AML patients from
the Cancer Genome Atlas (TCGA) and multiple
cancer databases. Then, we verified the mMRNA
expression of CASP1 in AML cell lines and clinical
samples. Through multidimensional analysis, we
assessed the functional network and prognostic value
associated with CASP1 in AML. Our results could
potentially reveal new targets for AML diagnosis and
treatment.

RESULTS
Transcriptional expression of CASP1 in leukemia

We performed a retrieval of CASP1 mRNA expression
levels in a variety of cancers by using the GEPIA

of CASP1 in patients with leukemia were upregulated
compared with normal samples (Figure 1A-1D).

Using the Oncomine dataset, we discovered that CASP1
ranked in the top 15% based on mRNA expression
levels in the Coustain-Smith Leukemia and Haslinger
Leukemia datasets (Figure 2A-2C). The DNA copy
number levels of CASP1 were higher in leukemia than
in normal blood samples (Figure 2D), while
significance difference was not observed. To further
analyze the correlation between CASP1 expression and
clinicopathological features, we conducted a subgroup
analysis by UALCAN database. As shown in Figure 3,
an increased CASP1 was found in AML patients with
M3/M4/ M5 subtype, Caucasian ethnicity (Figure 3 and
Tables 1, 2, P<0.05). Thus, the expression of CASP1
may be a promising diagnostic indicator for leukemia.

CASP1 is upregulated in AML cell lines and patients

We inquired the CCLE database to analyse the CASP1
expression in multiple cell lines and discovered a

database. We discovered that mRNA expression levels higher transcriptional expression of CASP1 in
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Figure 1. CASP1 expression in leukemia (GEPIA). (A, B) CASP1 expression in multiple cancers. (C, D) CASP1 expression in AML.
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leukemia cell lines compared to other cancer types
(Figure 4A). We then performed quantitative real-time
PCR assay to examine the CASP1 expression in several
AML cell lines and peripheral blood mononuclear cells
(PBMCs). As expected, the expression of CASP1
showed higher in most AML cell lines than in PBMCs
(Figure 4B). Interestingly, we found that the CASP1
expression was dramatically higher in MLL-rearranged
AML cell lines and cytarabine-resistant cell (Figure 4B
and Supplementary Figure 1). Further analysis of AML
patients showed that CASP1 expression was higher in
initial relapse of AML (Sample 1) than in newly
diagnosed of AML (Sample 2) (Figure 4C). In sum, the
expression of CASP1 was consistent with that of
database.

Evaluating the prognostic value of CASP1 in AML

We evaluated the relationship between CASP1
expression and prognosis information in AML through
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the Kaplan-Meier survival curves (Figure 5). Patients
were grouped into low-CASP1 and high-CASP1
expression group based on the median value of CASP1
expression. The survival analysis revealed that patients
with elevated CASP1 expression had a shorter OS than
those with low levels of CASP1 expression (Figure
5A, P < 0.05). Similarly, in LinkedOmics, increased
CASP1 was associated with poor OS in AML (Figure
5B, P < 0.05). Therefore, these results indicated that
CASP1 may be a factor for predicting the prognosis of
AML patients.

Since CASP1 is significantly overexpressed in AML
and Cytarabine-resistant cells, and is associated with
poor prognosis, we inhibited CASP1 with Caspase-1
inhibitor Belnacasan to investigate its role. We
evaluated the effect of CASP1 on proliferation by using
CCK-8 assay. We found that CASP1 inhibition reduced
the 1C50 and proliferation of THP1 and Cyt70-THP1 in
a time-dependent manner (Figure 6A, 6B). And Cyt70-
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Figure 2. CASP1 transcription in leukemia (Oncomine). CASP1 mRNA expression and DNA copy number were highly in leukemia than
in normal blood samples. (A—C) CASP1 mRNA expression levels were shown by box plot in Constant-Smith leukemia, and Haslinger leukemia
respectively. (D) CASP1 copy number was shown by box plot in The Cancer Genome Atlas (TCGA) Leukemia 2 datasets.
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THP1 seemed to show a more pronounced decrease in
IC50 than THP1 (Figure 6A, 6B). These suggested that
CASP1 inhibition could impair the proliferation of
AML cells.

CASP1 co-expression networks in leukemia

We used the LinkedOmics function module to analyze
co-expression genes of CASP1 for exploring its
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biological meaning in AML. Figure 7A showed that
2,600 and 4,666 genes were significantly positively
and negatively correlated with CASP1, respectively
(false discovery rate, FDR < 0.01). Furthermore,
Figure 7B, 7C showed that top 50 genes were
significantly negatively and positively correlated with
CASP1, respectively. There was a strong positively
correlation between CASP1 and CTSS (Pearson
correlation = 0.83, P = 8.427E-47), TLR5 (Pearson
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Figure 3. CASP1 transcription in the leukemia subgroups was stratified according to FAB classification, ethnicity, gender, age,
FLT3 mutation status (UALCAN) and PML/RAR-fusion status. (A) CASP1 mRNA expression with different FAB classification was shown
in leukemia. (B) CASP1 mRNA expression with different ethnicity was shown in leukemia. (C—F) Boxplot showed relative expression of CASP1
in LAML in gender, age, FLTS mutation status, PML/RAR-fusion, respectively. Using t-test to assess the differences in gene expression levels

between groups.
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Table 1. The statistics of CASP1
expression in AML based on French
American British classification.

Comparison Statistical significance
MO-vs-M3 1.783800E-03
MO0-vs-M5 1.541710E-02
M1-vs-M3 1.29310000485106E-08
M1-vs-M4 9.413900E-04
M1-vs-M5 5.020500E-03
M2-vs-M3 3.84020004684515E-09
M2-vs-M4 4.358400E-04
M2-vs-M5 3.716800E-03
M3-vs-M4 7.68829999664433E-08
M3-vs-M5 1.826020E-04

Table 2. The statistics of CASP1 expression in AML based on
patients’ race.

Comparison Statistical significance
Caucasian vs. African—American 1.556010E-02
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Figure 4. CASP1 expression in leukemia cell lines and AML patients. (A) CASP1 expression in multiple cancer cell lines (CCLE).
(B) CASP1 expression in AML cell lines and PBMC. (C) CASP1 expression of 2 patients at initial relapse of AML (sample 1) and at newly
diagnosed of AML (sample 2). *, p < 0.05; **, p <0.01; ***, p < 0.001.

www.aging-us.com 14092 AGING



Overall Survival Overall Survival
e —— Low CASP1 TPM (N=53) e 4 —— CASP1 <=Median(N=56)
e High CASP1TPM(N=53) === CASP1 >Median (N=93)
E& p=0.0056
©
2 -
2 2
a S o
3 8 o7
[ [
o o
© T T
e 2 o
c s t t
= =
(7] (7]
o
g
o
2 | 8
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Days Days

Figure 5. The prognostic value of mRNA level of CASP1 in AML (GEPIA and LinkedOmics). (A) GEPIA showed the prognostic value
of CASP1 mRNA expression levels in AML. (B) LinkedOmics showed the prognostic value of CASP1 mRNA expression levels in AML.
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Figure 6. Inhibition of CASP1 impairs the proliferation of THP1 and Cyt70-THP1. (A) CCK-8 assay was used to investigate the IC50 of
THP1 and Cyt70-THP1 after CASP1 inhibition for 24 and 48h. (B) CCK-8 assay was used to investigate the proliferation of THP1 and Cyt70-
THP1 after CASP1 inhibition for 24 and 48h. * p < 0.05, ** p <0.01, ***p < 0.0005.
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A CASP1 Association Result
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Figure 7. Genes differentially expressed in correlation with CASP1 in AML (LinkedOmics). (A) Using Pearson test to analyze genes
differentially expressed in correlation with CASP1 in AML. (B, C) Heat maps showed that top 50 genes were significantly negatively and
positively correlated with CASP1, respectively.
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correlation = 0.79, P = 3.134e-38), CARD16 (Pearson
correlation = 0.78, P = 3.271E-37), which reflect
inflammatory and immune response. The correction
scatter diagrams of the top 3 significant genes
correlated with CASP1 are shown in Supplementary
Figure 2.

We found that these co-expression genes associated
with CASP1 were involved primarily in phagocytosis,
interleukin-1  production, lymphocyte mediated
immunity, cellular defense response and leukocyte,
while activities base excision repair, RNA 3'-end
processing, spinal cord development, protein alkylation,
DNA-templated transcription, termination, chromatin
assembly or disassembly and ribonucleoprotein
complex biogenesis were strongly inhibited through
Gene Ontology (GO) term analysis (Figure 8A). In
addition, we performed Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis, confirmed
that co-expression gene of CASP1 enrichment in
leishmaniasis, lysosome, legionellosis, endocytosis,
cytokine receptor interaction, NOD-like, and B cell
receptor signaling pathway (Figure 8B). In summary,
CASP1 has widespread impact on immune response in
leukemia.

Kinase, miRNA and transcription factor of CASP1
networks in AML

Here we used LinkedOmics to further explore the
regulators of CASP1 in AML, in which we analyzed the
enrichment in Kkinases, miRNAs and transcription
factors (TF) of CASPl positively related genes.
Lck/yes-related novel protein tyrosine kinase (LYN)
and lymphocyte-specific protein tyrosine kinase (LCK)
are significant kinases primarily associated with
positive genes (Table 3). In addition, mutated and
overexpressed LCK is driving leukemia cell
proliferation [19]. LYN kinase was significantly
associated with the OS of AML [20]. There are no
significantly enriched miRNA for CASP1 coexpressed
genes (Table 3 and Supplementary Table 1). The E2F
transcription factor family, including V$E2F_01,
V$E2F1 Q6 01, VS$E2F Q6 01, V$E2F1_Q4 01,
V$E2F Q3 01, V$E2F 03, V$E2F Q4 01 and
V$E2F Q4 01, is significant TF correlated with
positive genes (Table 3 and Supplementary Table 2).
The transcription factor E2F family is identified as an
oncogene or antioncogene. The properties of these
regulators in AML may give us insight into the
pathogenesis of leukemia [21]. It has become clear that
E2F1 expression can regulate the prognosis of leukemia
[22]. Pellicano et al. [23] shown that E2F1 plays a
crucial regulatory role in the proliferation state of
chronic myeloid leukemia (CML) stem/progenitor cells
(SPC).

DISCUSSION

CASP1 is a member of the cysteine-aspartic acid
protease (caspase) family. Cascade activation of
caspases is closely related to apoptosis processes [24].
However, it is inconsistent with the results of the
expression of CASP1 in prostate cancer and ovarian
cancer [15, 16]. Meanwhile, CASP1 and its activator
NLRP3 are the core component of the inflammasome,
and its overexpression in leukemia leads to gluco-
corticoid resistance [18]. Furthermore, genetic variation
of CASP1 is associated with risk of chronic
lymphocytic leukemia [25]. We aimed to discover the
MRNA expression and prognostic values of CASP1 in
AML. We anticipated that these results would be useful
for improving current treatment regimens and outcomes
of AML. Therefore, we performed a detailed analysis of
cancer versus normal samples to explore the
relationship between CASP1 and AML.

First, we found that mMRNA expression levels and CNVs
of CASP1 in AML were higher than in normal blood
samples, analyzed by ONCOMINE and GEPIA
databases (Figures 1, 2). The mRNA of CASP1 was
also overexpressed in leukemia cell lines, analyzed by
CCLE (Figure 4A). Then, we verified the mRNA
expression of CASP1 in THP1, MOLM13, HL6O,
U937, NB4 and PBMCs, respectively. We found that
the expression of CASP1 in most cell lines was higher
than PBMCs (Figure 4B). THP1 and MOLM13 cell
lines harbor a t (9;11) translocation resulting in the
MLL-AF9 fusion gene. U937 harbors a t (10;11) (p13;
g14) translocation resulting in the CALM-AF10 fusion
gene. Standard chemotherapeutic strategies are often
ineffective in treating patients with MLL-AF9 and
CALM-AF10 fusions [26]. CASP1 expression of 2
patients at initial relapse of AML (Sample 1) and at
newly diagnosed of AML (Sample 2). We observed
significantly higher expression of CASP1 in relapsed
AML patient. Therefore, we speculated that CASP1 was
highly expressed in most leukemia patients, especially
in patients with poor prognosis. Furthermore,
overexpression of CASP1 was strongly related to poor
survival in multiple leukemia cohorts (Figure 5).
Therefore, our results indicated that CASPl is
overexpressed in multiple leukemia and is a potent
prognostic indicator, particularly for AML. We will
further confirm it in subsequent experiments.

Second, we conducted an analysis of the clinic-
pathological features of AML samples from the
UALCAN database to further understand the
relationship between CASP1 and clinic-pathological
features. As shown in Figure 3, an increased CASP1
was found in AML patients with M3/M4/ M5 subtype,
Caucasian ethnicity (Figure 3 and Tables 1, 2, P<0.05).
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Thus, the expression of CASP1 may be a promising
diagnostic indicator for leukemia.

Third, we evaluated the relationship between CASP1
expression and prognosis information in AML through

A

i FDR=<0.05 FDR=>0.05

the Kaplan-Meier survival curves (Figure 5). The
survival analysis revealed that patients with elevated
CASP1 expression had a shorter OS than those with low
levels of CASP1 expression (Figure 5A, 5B, P < 0.05).
Since CASP1 is significantly overexpressed in AML
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Table 3. The kinase, miRNA and transcription factor of CASP1 networks in AML.

Enriched

Geneset LeadingEdgeNum FDR
category
Kinase Target K!nase_LYN 19 0.0077359
Kinase_LCK 16 0.023208
GGCCAGT,MIR-193A,MIR-193B 19 0.27124
. GGGATGC,MIR-324-5P 13 0.38149
MIRNA Target CAGTCAC,MIR-134 15 0.47766
TCTAGAG,MIR-517 12 0.49457
V$SRF_01 16 0.0024893
VS$IRF_Q6 84 0.0026671
RGAGGAARY_V$PU1 Q6 94 0.0072739
V$E2F1_Q4 01 77 0.0082841
Transcription Factor VSCEBP_Q2_01 S0 0.040133
V$ETS Q4 47 0.027004
V$MAF_Q6 50 0.035935
V$E2F1DP1_01 82 0.049704
WCTCNATGGY_UNKNOWN 28 0.047219
GGAMTNNNNNTCCY_UNKNOWN 36 0.04869

and Cytarabine-resistant cells, and is associated with
poor prognosis, we inhibited CASP1 with Caspase-1
specific inhibitor Belhacasan to investigate its role.
We evaluated the effect of CASP1 on proliferation by
using CCK-8 assay and found that CASP1 inhibition
reduced the IC50 and proliferation of THP1 and
Cyt70-THP1 in a time-dependent manner (Figure 6A,
6B). And Cyt70-THP1 seemed to show a more
pronounced decrease in 1IC50 than THP1 (Figure 6A).
But the IC50 of Belnacasan is relatively high,
considering that the drug may affect the survival of
leukemia cells through inflammatory or immune
microenvironment. These suggested that CASP1
inhibition could impair the proliferation of AML cells.
Therefore, these results indicated that CASP1 may be
a factor for predicting the prognosis and a therapeutic
target of AML patients.

Fourth, the LinkedOmics function module was used to
analyze CASP1 co-expression genes to further explore
the biological meaning of CASP1 in AML. Related
functional networks were involved in phagocytosis,
lymphocyte mediated immunity, cellular defense
response, cytokine receptor interaction, NOD-like
receptor, and B cell receptor signaling pathway. These
results demonstrated that CASP1 overexpression had
widespread impact on inflammatory response and
immune response (Figure 8A, 8B), and was involved
in the pathogenesis of AML [25].

Finally, we assessed regulators of CASP1 in AML by
analyzing the enrichment of kinases, miRNAs, and

transcription factor (TF) of CASP1 positively related
genes. We discovered that CASP1 is primarily related
to LYN kinase and LCK Kkinase in leukemia (Table 3).
Mutated and overexpressed LCK drive leukemia cell
proliferation [19]. Moreover, LYN kinases were highly
expressed in AML and associated with poor prognosis
[20]. The myeloid Src-kinase Lyn family had been
reported as a target for AML drug therapy, and
inhibition of LYN was a potent strategy for AML
treatment [27]. Next, the E2F family was the main
transcription factor in abnormal regulation of CASP1
(Table 3 and Supplementary Table 2). Studies showed
that E2F family was a powerful regulator in cell cycle
progression [28]. In addition, it had been clear that E2F
family regulates DNA replication, DNA repair,
differentiation and cell proliferation [28, 29].
Consequently, the transcription factor E2F family is
regarded as an oncogene or antioncogene [30]. The
properties of these regulators in AML may give us
insight into the pathogenesis of leukemia [21]. There
was a similarly strong correlation between High E2F1
expression and poor prognosis of acute leukemia (AL)
[22]. Pellicano et al. [23] showed that E2F1 played a
crucial regulatory role in the proliferation state of
Chronic myeloid leukemia (CML) Stem progenitor cells
(SPC) [23]. Our study indicated that E2F1 may be a
crucial factor of CASP1 in regulating the proliferation
of leukemia cells, and was consistent with previous
reports [29, 30]. However, no miRNAs significantly
associated with CASP1 were found. For this study,
online tools based on bioinformatics theory were used
for target gene analysis of tumors data in public
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databases. Large sample size, low cost, and strong
operability are the advantages of this method.

The results indicated that the increased expression of
CASP1 may be a molecular marker for the high-risk
subgroup of AML. In addition, the up-regulation of
CASP1 in AML may have far-reaching effects on cell
proliferation, inflammatory and immune response. In
short, our research demonstrates the importance of
CASP1 in AML and recommends its use as a potential
prognostic and therapeutic target. This approach allows
us to explore a wider range of potential targets and
accelerate the clinical transformation of drugs. At the
same time, our research has their own limitations. We
have no large samples and animal experiments to
support the above results. But these problems will be
further solved in subsequent experiments.

MATERIALS AND METHODS
Cell culture

The AML cell lines THP1, MOLM13, HL60, U937 and
NB4 were grown in RPMI-1640 medium (Gibco)
containing 10% fetal bovine serum (FBS), 2 mM
glutamine, 100ug/ml penicillin, and streptomycin
(Sigma) at 37° C with 5% CO2. Cells were passaged
every 2-3 days.

Cytarabine selection

Multiple step selections with gradually increasing
Cytarabine concentrations (cat. 147-94-4, Huateng) was
performed on THP1 cells for the establishment of drug-
resistant sublines, using a starting dose of approximately
its original 1C30 (1uM, 72hours) values; the latter were
obtained by growth inhibition assays as detailed below.
THP1 cells were continuously grown in 1uM Cytarabine
for 28 days until cells resumed their original doubling
time, yielding a drug-resistant subline termed Cyt30-
THP1 (THP1 Ara-C IC30 resistant); at this passage (day
28 from initiation of drug selection), Cyt30-THP1 cells
were frozen down in aliquots and thawed for any
experiment that required the original cells. Cyt30-THP1
cells were also transferred into 1.6puM (IC50) Cytarabine,
resulting in the sunlines Cyt50-THP1. Cyt50-THP1 cells
were also transferred to grow in either 2.7uM (IC70)
Cytarabine, resulting in the sunlines Cyt70-THP1.
Following their establishment, Cyt70-THP1 cells were
also grown in drug-free medium to evaluate the stability
of their drug resistance phenotype.

Patient samples

Two AML patients who presented to the Seventh
Affiliated Hospital of Sun Yat-Sen University were

included in this study. Diagnosis of AML was based
on morphology, immunophenotype, cytogenetics and
molecular analysis (MICM). In addition, one healthy
volunteer in whom cancers were ruled out by a
comprehensive medical examination were enrolled as
normal controls. Mononuclear cells were isolated
from peripheral whole blood of AML patients and
volunteers using density gradient centrifugation
and then dispersed in Trizol reagent (NucleoZol,
Germany) and cells were stored at —80° C for further
analysis. Informed consent was obtained from all the
participants and the study was approved by the Ethics
Committee of the Seventh Affiliated Hospital of Sun
Yat-Sen University.

Growth inhibition assays

Belnacasan (VX-765, cat. T6090), was purchased from
TOPSCIENCE. For the analysis of cell lines, THP1
cells were grown in RPMI-1640 medium. Cyt70-THP1
cells continuously growing in Cytarabine-containing
medium were grown in drug-free medium for 3 days
prior to experiments. THP1 and Cyt70-THP1 cells were
seeded into a 96-well plate (1x10% cells/well) and
cultured in RPMI 1640 medium at 37° C for 24 h. Then,
the cells were treated with various concentrations of
Belnacasan for 48 h. Cells treated with DMSO instead
of Belnacasan served as the control group. Finally, cell
viability was detected using a CCK-8 kit according to
the manufacturer’s instructions. The experiment was
performed at least 3 times.

QRT-PCR

TRIzol reagent (NucleoZol, Germany) was used to
extract total RNA from the AML cells. B-actin was used
as an internal control. cDNAs were generated using the
HiScript 1l Q RT reagent kit (Vazyme) in line with the
manufacturer’s instructions. ChamQ Universal SYBR
gPCR Master Mix (Vazyme) was used to analyze the
synthesized cDNAs according to the manufacturer’s
instructions. Primer sequences used for real-time PCR
were:

CASP1: Forward: 5GCCTGCCGTGGTGATAATGTZ
Reverse: 3 TCACTCTTTCAGTGGTGGGCS'.
B-actin: Forward: 5CCTGTACGCCAACACAGTGCY;
Reverse: 3ATACTCCTGCTTGCTGATCCS'.

Statistical analyses

All data are displayed as the mean + SEM. GraphPad
Prism 8 statistical software was used for statistical
analyses. Comparisons between groups were performed
using the t test or ANOVA. p<0.05 was considered as
statistically significant.
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Database descriptions

GEPIA database analysis

GEPIA (Gene Expression Profiling Interactive
Analysis) is an online database including 8,587 normal
samples and 9,736 tumors from TCGA and Genotype-
Tissue Expression (GTEX) projects [31]. We performed
differential gene expression analysis and survival
analysis between tumors with normal samples. It can
also be used to perform similar gene detection,
correlation analysis, and Principal Component Analysis
[31]. The p value was used to assess the significance of
the difference, and p < 0.05 was considered to be
significant.

Oncomine database analysis

Oncomine (https://www.oncomine.org/) is an online
cancer sample database that was used to analyze CASP1
MRNA expression and DNA copy number. This
analysis drew on a series of leukemia studies, including
Coustan-Smith Leukemia, Haslinger Leukemia, and
TCGA Leukemia 2 [32, 33]. We performed differential
gene expression and DNA copy number analysis
between tumors with normal samples. The p value and
fold change were used to assess the significance of the
difference, and p < 0.01 and fold change >1.5 was
significant.

UALCAN database analysis

UALCAN (http://ualcan.path.uab.edu) is an interactive
web-portal including clinical data from 31 cancer types
and TCGA level 3 RNA-seq [34]. It can be used to
analyze differential gene expression and multiple
clinicopathological features between tumors with
normal samples. We conducted a subgroup analysis of
various clinic-pathological characteristics of AML
patients samples from the UALCAN.

CCLE database analysis

The CCLE is a project including of gene expression,
chromosomal copy number, and DNA mutations from
947 human cancer cell lines covering more than 30 tissues
[35]. This database allows us to explore the expression of
CASP1 in different cancer types. CCLE is publicly
available at https://www.broadinstitute.org/ccle.

LinkedOmics database analysis

The LinkedOmics (http://www.linkedomics.org/login.
php) is an interactive web-portal including 32 TCGA
cancer-associated data [36]. Using Pearson test to analyze
genes differentially expressed in correlation with CASP1
in AML, shown in heat maps. We used the LinkedOmics
function module to analyze co-expression genes of
CASP1 for exploring its biological meaning in leukemia.
Using GSEA, we performed analysis of GO_BP, KEGG
pathways and target enrichment of kinase, miRNA as well

as transcription factor. The threshold was determined
based on the following values: FDR of 0.05, simulations
of 500. In addition, we evaluated its prognosis value in
leukemia by clinical analysis. The p value was used to
assess the significance of the difference, and p < 0.05 was
considered to be significant.

Database statistical analysis

We performed differential gene expression and DNA
copy number analysis between tumors with normal
samples by using the t-test. The p value and fold change
were used to assess the statistical significance of the
difference, and p < 0.01 and fold change >1.5 was
considered to be significant. We also used t-test to
conduct a subgroup analysis of various clinic-pathological
characteristics of AML patients’ samples from the
UALCAN, and p <0.05 indicates the significance of
difference. We used Kaplan-Meier curves to compare the
prognosis of AML patients with different median
expression levels of CASP1. The log-rank test p <0.05
indicates that the prognosis analysis is statistically
significant. We calculated the correlation between CASP1
and CTSS, TLR5, and CARD16 gene expression levels
using the Pearson correlation coefficient. The threshold of
correlation was determined based on the following values:
p of 0.05.
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SUPPLEMENTARY MATERIALS

Supplementary Figures
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Supplementary Figure 1. Cytarabine dose-dependent growth inhibition of THP1 cells and their subline Cyt-IC70-THP1.
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Supplementary Figure 2. The correction between CTSS, TLR5, CARD16 with CASP1 in leukemia, analyzed by LinkedOmics.
(A) The correction between CTSS with CASP1 in leukemia. (B) The correction between TLR5 with CASP1 in leukemia. (C) The correction
between CARD16 with CASP1 in leukemia.
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Supplementary Tables

Supplementary Table 1. miRNA enrichment of CASP1 co-expressed genes.

Enrichment Nor_malized . Leading

Geneset enrichment pvalue FDR Size
score score EdgeNum

CAGTCAC,MIR-134 -0.5356147 -1.5057118 0.012397 0.307969 46 15
GGGATGC,MIR-324-5P -0.5395772 -1.5411925 0.004405 0.308328 46 13
CGCTGCT,MIR-503 -0.5996193 -1.4712781 0.041667 0.322831 22 13
TGCACGA MIR-517A MIR-517C  -0.6180279 -1.4177299 0.044898 0.438749 16 3
TCTAGAG,MIR-517 -0.4748998 -1.3425616 0.075556 0.535813 45 12
GGTAACC,MIR-409-5P -0.5314163 -1.3730561 0.069767 0.547899 27 5
GGCCAGT,MIR-193A,MIR-193B  -0.4799717 -1.5475977 0.004926 0.575831 83 19
AGTCAGC,MIR-345 -0.4490602 -1.3434165 0.06278 0.608981 54 17
GTGGTGA,MIR-197 -0.379348 -1.1863224 0.156951 0.629742 67 18
CCTGCTG,MIR-214 -0.3322438 -1.1932098 0.055249 0.629751 220 44
CAGCCTC,MIR-485-5P -0.3823391 -1.2927548 0.028846 0.639001 131 35
ATGTTTC,MIR-494 -0.3411439 -1.1966772 0.089474 0.646199 141 36
GGCGGCA MIR-371 -0.7508409 -1.3047399 0.136531 0.649839 5 3
CAGGGTC,MIR-504 -0.3825697 -1.1988028 0.116279 0.671615 78 21
AGGGCCA,MIR-328 -0.4041804 -1.2586383 0.09375 0.684516 73 24
GTGTCAAMIR-514 -0.4130576 -1.2703542 0.093617 0.68502 59 16
CCCAGAG,MIR-326 -0.3471427 -1.2023533 0.09596 0.690066 141 25
TCCCCAC,MIR-491 -0.4121849 -1.2101717 0.132159 0.692994 55 15
CAGCACT,MIR-512-3P -0.3292829 -1.135226 0.15311 0.700912 143 43
TCGATGG,MIR-213 -0.6772519 -1.1432002 0.310714 0.712765 5 4
AATGGAG,MIR-136 -0.3630656 -1.13698 0.181818 0.718277 74 18
GTTTGTT,MIR-495 -0.3044444 -1.1160896 0.147541 0.719442 235 69
AGGAGTG,MIR-483 -0.4095191 -1.2127934 0.120773 0.720192 61 16
CAGCAGG,MIR-370 -0.3218814 -1.1096571 0.176768 0.722945 137 17
ACAGGGT,MIR-10A,MIR-10B -0.3334561 -1.1202692 0.190217 0.724158 119 20
AAGCCAT,MIR-135A,MIR-135B  0.33712366 1.19216267 0.065672 0.818531 310 43
GTGACTT,MIR-224 0.36301753 1.19240037 0.130872 0.857659 150 31
CTTTGCA MIR-527 0.32108688 1.082235 0.254386 0.86316 221 29
ATTCTTT,MIR-186 0.31759521 1.09460462 0.248387 0.86323 251 49
GTCTACC,MIR-379 0.51560807 1.19760904 0.206349 0.871802 20 3
CTCCAAG,MIR-432 0.3607626 1.06810144 0.29588 0.874074 74 16
GGATCCG,MIR-127 0.58680985 1.21240622 0.231441 0.875448 10 3
AATGTGA MIR-23A MIR-23B 0.30464776 1.08335814 0.25731 0.878253 388 64
TAATAAT,MIR-126 0.32201754 1.08721064 0.269841 0.878776 207 34
TTTGCAG,MIR-518A-2 0.32615264 1.0958745 0.231013 0.879395 193 33
ATGTTAA MIR-302C 0.35198092 1.20279444 0.09009 0.887306 228 35
GTGCCAA MIR-96 0.30565774 1.06837271 0.29582 0.892419 283 53
TACTTGA MIR-26A,MIR-26B 0.31273251 1.09627075 0.215873 0.901719 285 55
CTCAGGG,MIR-125B,MIR-125A  0.34406849 1.21625446 0.058282 0.904954 303 89
TCTGGAC,MIR-198 0.33218434 1.0140016 0.409894 0.906819 82 16
ACCAAAG,MIR-9 0.29584667 1.0691252 0.240331 0.910421 458 57
CAGTATT,MIR-200B,MIR-
200C, MIR-429 0.29035348 1.05676528 0.261838 0.912723 440 69
CTGAGCC,MIR-24 0.29625819 1.00895049 0.460064 0.913255 219 31
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GTGCAAT,MIR-25,MIR-32,MIR-

92, MIR-363, MIR-367 0.28211347 0.99537175 0.461538 0.915301 294 50
GTGCCTT,MIR-506 0.31351677 1.15712834 0.060526 0.917579 674 144
TTTTGAG,MIR-373 0.32583634 1.1026909 0.233846 0.918391 210 28
AGCATTA,MIR-155 0.35282527 1.11720312 0.244068 0.920096 128 29
AAGCACT,MIR-520F 0.30106978 1.01432611 0.422442 0.921389 219 44
TACAATC,MIR-508 0.41788572 1.1689215 0.234848 0.922923 57 14
ATGCAGT,MIR-217 0.32340869 0.9970131 0.468852 0.92301 103 14
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Supplementary Table 2. Transcription factor enrichment of CASP1 co-expressed genes.

Geneset Enrichment Normalized pvalue FDR Size Leading
score enrichment score EdgeNum
V$PEA3_Q6 0.57396322 1.96059442 0 0 240 64
V$E2F_01 -0.5999168 -1.8352204 0 0.002347 64 35
V$PUL_Q6 0.5411158 1.81098492 0 0.003574 208 63
V$SRF_01 0.65959571 1.80023909 0 0.003574 47 16
V$ELF1_Q6 0.55037567 1.86720217 0 0.004468 220 62
V$IRF_Q6 0.53577782 1.8177585 0 0.004765 228 84
VS$ISRE_01 0.50728611 1.74621947 0 0.005659 233 76
RYTTCCTG_V$ETS2_B 0.45066767 1.72071227 0 0.007914 1002 222
V$TEL2_Q6 0.49657672 1.70003045 0 0.010276 220 54
STTTCRNTTT_VSIRF_Q6 0.51339992 1.69480119 0 0.010722 175 48
RGAGGAARY_V$PU1_Q6 0.46921073 1.67433248 0 0.011765 459 94
YNTTTNNNANGCARM_UNKNOWN  0.58236407 1.68595935 0 0.011795 67 10
V$IRF1_Q6 0.49473696 1.67451422 0 0.012834 233 55
V$E2F1_Q6_01 -0.4839508 -1.7537136 0 0.014084 218 91
V$ETS2_B 0.47904718 1.65316635 0 0.014159 259 55
V$ICSBP_Q6 0.47956267 1.62511362 0 0.019658 230 62
V$E2F_Q6_01 -0.4632908 -1.6752839 0 0.022534 218 66
V$E2F1_Q4_01 -0.4690197 -1.6876398 0 0.022887 210 77
V$CEBPB_01 0.47218528 1.60792237 0 0.02347 240 54
VS$ETS_Q4 0.46520902 1.59344716 0 0.028369 236 47
V$CEBPB_02 0.45616718 1.58251459 0 0.028791 235 50
V$E2F_Q3_01 -0.4701195 -1.6921283 0 0.02895 215 78
V$AP1_Q4_01 0.46035093 1.58408106 0 0.030065 243 58
ACTAYRNNNCCCR_UNKNOWN -0.4214518 -1.6043698 0 0.035503 408 121
V$CEBP_Q2_01 0.45789441 1.56208554 0 0.035647 247 51
V$E2F_03 -0.449346 -1.6225953 0 0.038731 224 68
V$E2F_Q4_01 -0.4471581 -1.6057194 0 0.039905 215 66
V$IRF7_01 0.45553697 1.54190145 0 0.040336 231 49
SGCGSSAAA_V$E2F1DP2_01 -0.4473325 -1.5812434 0 0.040426 155 71
VSMAF_Q6 0.45346044 1.54239303 0 0.042174 239 50
V$E2F1_Q6 -0.4312803 -1.5668496 0 0.043191 213 77
V$E2F1DP1 01 -0.4161494 -1.5071466 0 0.043426 218 82
V$E2F1DP2_01 -0.4161494 -1.5071466 0 0.043426 218 82
V$E2FADP2_01 -0.4161494 -1.5071466 0 0.043426 218 82
V$E2F_Q6 -0.4276823 -1.5559191 0 0.043532 211 85
V$MYCMAX_01 -0.4205049 -1.5483221 0 0.043621 236 66
V$SRF_C 0.44992831 1.53071115 0 0.044189 197 41
V$E2F_Q4 -0.4241098 -1.5337775 0 0.045683 212 87
WCTCNATGGY_UNKNOWN -0.4877758 -1.5119369 0.004545  0.047085 71 28
GGAMTNNNNNTCCY_UNKNOWN -0.4533504 -1.4950502 0.009009 0.048176 104 36
V$E2F_02 -0.4157139 -1.513259 0 0.049441 218 82
V$E2F1DP1RB_01 -0.418954 -1.5160793 0 0.050702 209 76
V$ZF5_B -0.4153122 -1.5217067 0 0.050971 225 52
V$NMYC_01 -0.4036861 -1.4760014 0 0.056656 252 69
MCAATNNNNNGCG_UNKNOWN -0.4717761 -1.4586272 0.009569  0.062596 76 24
VEMYCMAX_B -0.3940211 -1.4621286 0 0.063072 245 89
V$AML1_01 0.43094581 1.48271613 0.003155 0.069993 246 55
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V$AML1_Q6 0.43094581 1.48271613 0.003155 0.069993 246 55
V$E2F4DP1_01 -0.3957904 -1.4443529 0 0.070608 219 84
TGANTCA_V$AP1_C 0.38701162 1.47565026 0 0.073769 1035 221
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