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Introduction: Nod-like receptor C4 (NLRC4) is a member of the Nod-like receptor (NLR) family, and its expression mediates the
activation of caspase-1 (CASP1). Abnormal expression of NLRC4 and CASP1 is associated with multiple tumors. However, the
expression differences, prognostic value and immune correlation of NLRC4 and CASP1 in colorectal cancer (CRC) remain to be
determined.
Methods: In this study, TCGA, CCLE, HPA, PrognoScan, STRING and GeneMANIA databases were used to analyze differences in
expression, prognostic value, genetic alterations and immune cell infiltration of NLRC4 and CASP1 in CRC patients. Then, we further
validated the expression of NLRC4 and CASP1 in CRC using immunohistochemistry (IHC).
Results: NLRC4 and CASP1 were expressed low in CRC tissues and CRC cell lines. The expression of NLRC4 was significantly
related to the patient’s gender and lymph node metastasis. NLRC4 and CASP1 down-regulated expression was observably correlated
with poor survival and diverse immune cells infiltration in CRC patients. NLRC4 and CASP1 have a gene mutation alteration. NLRC4
and CASP1 had a significant positive correlation in CRC.
Conclusion: This study will provide new ideas for the prognosis and treatment in CRC. NLRC4 and CASP1 are expected to be novel
biomarkers and potential immunotherapy targets in CRC patients.
Keywords: Nod-like receptor C4, caspase-1, colorectal cancer, bioinformatics, immunohistochemistry

Introduction
Colorectal cancer (CRC) is a highly aggressive tumor of the digestive system that is difficult to diagnose and treat and is
found worldwide, its morbidity and mortality have gradually increased in recent years.1,2 Due to the difficulty of early
diagnosis and poor treatment effect, the overall 5-year survival rate of CRC is still very low. Although CRC treatment has
improved, most patients are diagnosed with CRC in the middle and late stages or have distant metastases because the
early clinical symptoms of CRC are not obvious, and there are no sensitive biomarkers for early diagnosis.3

As we all know, long-term chronic inflammation is associated with the development of cancer.4 Inflammation are
thought to affects multiple stage of tumorigenesis, it mediates host resistance to pathogenic microorganisms and defense
tissue homeostasis, their dysregulation may lead to the occurrence of inflammatory diseases and cancer.5 NLRC4 is an
important component of inflammasomes, the imbalance of NLRC4 is closely related to the occurrence of colitis-
associated CRC.6 And a key pathway of inflammation is the activation of caspase-1 (CASP1).7 As a downstream
signaling pathway molecule of NLRC4, CASP1 also plays an essential role in the onset and development of tumors. It is
of great significance to study the clinical significance of NLRC4 and CASP1 in CRC – NLRC4 and CASP1 are expected
to be effective biomarkers for the early diagnosis and prognosis of CRC – and develop new strategies for targeted
therapies for CRC.
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Nod-like receptor C4 (NLRC4) is a member of the Nod-like receptor (NLR) family that assembles into the NLRC4
inflammasome when stimulated by pathogen-related molecular patterns (PAMPs) and damage-related molecular patterns
(DAMPs). NLRC4 mediates the maturation and release of CASP1, and further promotes the release of various
inflammatory factors, including interleukin 1 beta (IL-1β) and interleukin-18 (IL-18), and plays a vital role in
a variety of tumors.8 Depending on the type of cancer, NLRC4 may function as a tumor promoter or suppressor. For
example, NLRC4 promotes tumor progression in breast cancer,9 glioma cancer10 and liver cancer11 but has a tumor
suppressor role in melanoma12 and CRC.13 According to research reports, CASP1 is highly expressed in normal human
tissues but downregulated in some malignant tumor tissues, such as prostate cancer,14 breast cancer,15 non-small cell lung
cancer,16 and ovarian cancer.17 NLRC4 and CASP1 may play a potential role in the molecular mechanism of tumorigen-
esis and development, but their correlation and clinical significance in CRC still need further discussion.

The establishment and rapid development of various databases further promoted extensive bioinformatics applications
and provided a reliable platform for current tumor research. Therefore, in our study, NLRC4 and CASP1 in CRC were
analyzed comprehensively in terms of differential expression, clinical relevance, prognostic value, gene mutation and
immune cell infiltration through a combined method of bioinformatics and IHC that could provide a theoretical basis for
early diagnosis, prognostic evaluation and immune targeted therapy of CRC.

Materials and Methods
Gene Expression Analysis
Multiple bioinformatics databases were visited to study the expression levels of NLRC4 and CASP1 in CRC tissues and
CRC cell lines.

The Cancer Genome Atlas (TCGA, https://portal.gdc.cancer.gov/) is a public website that contains sequencing and
clinical data for over 30 human cancers. It aims to help humans have a better understanding of cancer and improve the
ability of cancer prevention, diagnosis and treatment.18 The clinical information of 644 tissue samples from CRC patients
was downloaded from the TCGA database. Using this database, we analyzed the differential mRNA expression of
NLRC4 and CASP1 in CRC tissues and normal tissues, and further explored the association between NLRC4 and
CASP1 and revealed their diagnostic value in CRC.

Cancer Cell Line Encyclopedia (CCLE, www.broadinstitute.org/ccle) collected the public information on gene
expression, chromosome copies, and massively parallel sequencing data of more than 947 tumor cell lines.19 In this
study, we downloaded different tumor cell lines from the CCLE database to analyze the mRNA expression levels of
NLRC4 and CASP1.20,21

The Human Protein Atlas (HPA, www.proteinatlas.org) is a great large-scale protein research project, which aims to
perform IHC of normal and tumor tissues by using a large number of antibodies, and records protein staining intensity
and cell location in the tissues, obtained related images.22 In our study, we online analyzed the protein expression of
NLRC4 and CASP1 in normal and CRC tissues by IHC.

Immune Infiltrating Analysis
In this study, we downloaded 698 patient CRC samples from the TCGA database and analyzed the correlation among
NLRC4 and CASP1 mRNA expression and immune cell infiltration like macrophages, neutrophils, Th1 cells, DC, iDC,
aDC, T helper cells, T cells, cytotoxic cells and Th2 cells in CRC. p<0.05 was indicated to be statistically significant.

Gene Mutation Analysis
In our research, 620 CRC patients with gene mutation data and transcriptome data were downloaded from the TCGA
database, and somatic mutations in CRC patients were analyzed by maftools package in R software.

Survival Analysis
PrognoScan (http://dna00.bio.kyutech.ac.jp/PrognoScan/index.html) aims to compare the relationship between gene
expression and patient prognosis in widely published cancer microarray datasets and provide systematic analysis for
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gene prognostic value, including OS, DSS and DFS.23,24 This study used the PrognoScan database to investigate the
correlation between the expression of NLRC4 and CASP1 and survival time of CRC patients to evaluate the prognostic
significance of the two genes, and statistical significance if p<0.05.

Co-Expression Network Analysis
GeneMANIA (http://www.genemania.org) is a helpful and flexible forecasting website that can identify genes with
similar functions based on gene-related effects and map genetic interaction networks.25 In our research, GeneMANIA
was used to study the association of NLRC4 in terms of coexpression, colocalization and pathways. STRING (https://
string-db.org/) is an powerful online tool for studying protein interaction relationships, the website possess a big
collection of consolidated protein–protein interaction data.26 In this study, the STRING database was used to assess
correlations involving NLRC4.

Immunohistochemistry
The colorectal cancer tissue chips (including 35 cases of cancer tissue and 35 cases of adjacent colorectal cancer tissues)
were purchased from Wuhan Aiweier Biotechnology Corporation, China (CRC-1402) (Table 1).

Tissue chips were immunostained with antibodies against NLRC4 (1:300, ABclonal, China) and CASP1 (1:800,
Proteintech, USA) following the standard immunohistochemical kit of the Dako REAL EnVision Detection System

Table 1 Clinical Information of 35 Patients with Colorectal Cancer

Characteristic Number Rate (%)

Gender Male 14 40

Female 21 60
Age <60y 16 46

≧60y 19 54

Neoplasm type Ileocecal cancer 6 17
Colon cancer 15 43

Rectum cancer 14 40

Volume <5cm 16 46
≧5cm 19 54

Invasion Shallow muscularis 2 6

Deep muscularis 5 14
Serosa 28 80

Differentiation Poorly 5 14

Medium 23 66
High 7 20

T stage T1 1 3

T2 4 11
T3 13 37

T4 17 49

N stage N0 23 66
N1 5 14

N2 7 20

M stage M0 28 80
M1 7 20

Pathologic stage I 4 11

II 17 49
III 7 20

IV 7 20

Survival Death 4 11
Survival 22 63

Lost 9 26
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(Dako, USA) procedure. The staining score mainly includes two aspects: the staining intensity and the proportion of
positive cells. The cells not stained or very lightly stained were scored as 0, the cells stained light yellow were scored as
1, the cells stained brownish-yellow were scored as 2, and the cells stained dark brown were scored as 3. The number of
positive cells <5% was scored as 0, the number of positive cells from 6% to 25% were scored as 1, the number of
positive cells from 26% to 50% were scored as 2, the number of positive cells from 51% to 75% were scored as 3, and
the number of positive cells ≥76% were scored as 4. The two scores were added together. A total score ≤3 was
considered negative, and a score >3 was considered positive.

Statistical Analysis
The statistical analyses and graphs created in the TCGA were performed by R software (version: 3.6.3). We used the
ggplot2 software package to analyze the mRNA differential expression of NLRC4 and CASP1 in different tumor cell
lines and CRC tissues and normal tissues. And the association between NLRC4 and CASP1 also used by ggplot2
software package. The maftools software package was used to analyze somatic mutations in CRC patients. And the
association between NLRC4 and CASP1 mRNA expression and immune cell infiltration in CRC was assessed by GSVA
package, the immune infiltration algorithm was ssGSEA, correlation analysis was spearmen. The pROC package was
used to evaluate the diagnostic value of NLRC4 and CASP1 in CRC. Gene expression of unpaired samples from TCGA
database used the Wilcoxon rank sum test and paired samples used the Wilcoxon signed-rank test.

SPSS 26.0 software was used for IHC data analysis. The χ2 test was used to analyze the expression differences and
relationship with the clinical characteristics of CRC of NLRC4 and CASP1 in tumor tissues and adjacent tissues. The
correlation between NLRC4 and CASP1 was assessed with Spearman correlation measures (p<0.05 was considered
statistically significant).

Results
The mRNA Expression Levels of NLRC4 and CASP1 in CRC Tissues and Cell Lines
To explore the potential role of NLRC4 and CASP1 in CRC, we compared the expression level of NLRC4 and CASP1
between CRC tissues and normal tissues by using the TCGA database. The results showed that the mRNA expression
levels of NLRC4 and CASP1 were lower in cancer tissues than in normal tissues (Figure 1). To validate these findings,
we explored the mRNA expression of NLRC4 and CASP1 in CRC cell lines from the CCLE data set. As expected, the
results indicated that NLRC4 and CASP1 were expressed low in CRC cell lines (Figure 2). To verify these results, we
further explored the IHC staining results of NLRC4 and CASP1 from the HPA database. The protein expression of
NLRC4 in CRC tissues and normal colon tissues was compared by antibody HPA006592. The expression of NLRC4
protein is down-regulated in CRC samples compared with normal tissues (Figure 3A). Correspondingly, the protein
expression of CASP1 in CRC tissues and normal rectum tissues was compared by antibody HPA003056. The CASP1
protein was expressed lower in CRC tissues than in normal tissues (Figure 3B).

Prognostic Value of NLRC4 and CASP1 in Patients with CRC
To evaluate the prognostic value of NLRC4 and CASP1 at diverse transcription levels in CRC, we explored the
relationship between NLRC4 and CASP1 at different expression levels and clinical outcomes using the PrognoScan
website. We discovered that lower NLRC4 expression was significantly correlated with poorer OS in patients with CRC
(HR=0.24, Cox p=0.037). In addition, CRC patients with low mRNA levels of NLRC4 had shorter DFS and DSS, but the
difference was not statistically significant (p>0.05) (Figure 4A–C). Moreover, CRC patients with lower CASP1 expres-
sion experienced significantly shorter OS (HR=0.75, COX p=0.043), DFS (HR=0.60, COX p=0.015) and DSS (HR=0.71,
COX p=0.015) than high CASP1 expression patients (Figure 4D–F). The findings indicate that low NLRC4 and CASP1
expression levels were significantly associated with poor prognosis in CRC patients.
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Gene Mutation Alteration of NLRC4 and CASP1 in Patients with CRC
In this study, 536 CRC patients containing the whole exome sequencing data in the TCGA database were included for
subsequent analysis, the results suggest that 4% of CRC patients have NLRC4 somatic mutations (Figure 5A), and 1% of
CRC patients have CASP1 somatic mutations as well (Figure 5B), the most important gene mutations are known as
missense mutation, it indicated that missense mutation may be an important pathological factor in CRC.

Correlation Between NLRC4 and CASP1 Expression and Immune Infiltration in CRC
Immune infiltration in the tumor microenvironment plays a crucial role in tumor progression, immunotherapy effective-
ness, and disease prognosis. Therefore, we analyzed the correlation between NLRC4 and CASP1 and immune infiltration
in CRC using the TCGA databases. We found that both NLRC4 and CASP1 are significantly positively associated with
a variety of immune cell infiltration, the most significant immune cells with NLRC4 including macrophages, neutrophils,
Th1 cells, DC, iDC and T helper cells (Figure 6A). In addition, CASP1 expression was significantly positively correlated
with infiltrating levels of T-cells, aDC, cytotoxic cells, Th2 cells, Th17 cells and Th1 cells (Figure 6B).

Interaction Network of NLRC4 and CASP1 at the Gene and Protein Levels
In addition, using STRING and GeneMANIA database, we constructed a protein–protein interaction and gene–gene
interaction PPI network of NLRC4. Network construction identified 10 genes significantly coregulated with NLRC4,

Figure 1 The mRNA expression of NLRC4 and CASP1 in CRC tissues (TCGA). (A) NLRC4 mRNA expression in CRC and normal tissues (p=0.000) (Tumor: 647; Normal:
51). (B) NLRC4 mRNA expression in CRC and adjacent tissues (p=0.001) (Tumor: 50; Normal :50). (C) CASP1 mRNA expression in CRC and normal tissues (p=0.034)
(Tumor: 647; Normal: 51). (D) CASP1 mRNA expression in CRC and adjacent tissues (p=0.008) (Tumor: 50; Normal: 50). *p<0.05; **p<0.01;***p<0.001.
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namely CASP1, NLRP3, NLRP6, NLRP1, AIM2, NAIP, PYCARD, GSDMD, BECN1, CASP8. The significant biological
processes were pyroptosis, activation of cysteine-type endopeptidase activity involved in apoptotic process, defense
response to bacterium, negative regulation of inflammatory response, activation of innate immune response, positive
regulation of apoptotic signaling pathway (Figure 7A). Moreover, the gene–gene interaction network of NLRC4 was
constructed through GeneMANIA, and the results showed that the central nodes of NLRC4 were surrounded by multiple
genes that were closely correlated with NLRC4. The top five primary genes included CASP1, NLRP1, PYCARD, NLRP4
and NOD2. Functional analysis demonstrated that these genes are mainly associated with apoptosis, innate immune
response, regulation of inflammatory response, regulation of IL-1β production, and positive regulation of defense
response (Figure 7B). Due to the close relationship of NLRC4 and CASP1, we further used the Spearman method to
analyze the correlation between NLRC4 and CASP1 in CRC and pROC package to evaluate their clinical diagnostic

Figure 2 mRNA expression of NLRC4 and CASP1 in different tumor cell lines (CCLE). (A) NLRC4 mRNA expression levels in different tumor cell lines. (B) CASP1 mRNA
expression levels in different tumor cell lines.
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value from TCGA database. The results suggested that the two genes had a significant positive connection in CRC
(Figure 8A). The ROC curve and area under the curve (AUC) were calculated to assess their clinical diagnostic value.
The analysis showed that the AUCs were 0.701 and 0.589, respectively (Figure 8B).

NLRC4 Protein Expression in CRC and Adjacent Normal Tissues Determined by IHC
To validate the expression of NLRC4 in CRC, we used IHC to detect the protein expression of NLRC4 in 35 CRC tissue
samples and 35 adjacent normal tissue samples. The protein expression levels of NLRC4 in CRC were significantly
lower than those in normal tissues adjacent to the cancer (Table 2 and Figure 9). These results were almost consistent
with those obtained from the bioinformatics analysis.

CASP1 Protein Expression in CRC and Adjacent Normal Tissues Determined by IHC
Furthermore, the IHC results also indicated the levels of CASP1 protein expression were highly downregulated in CRC
tissues compared to normal tissues (Table 2 and Figure 10).

Association Between NLRC4 and CASP1 Protein Expression and Clinicopathological
Characteristics of CRC Patients
We assessed the correlation between the protein expression difference of NLRC4 and CASP1 and the clinical features of
CRC patients. The protein expression level of NLRC4 was significantly related to patient sex (χ2=6.386, p=0.012) and
lymph node metastasis (χ2=6.733, p=0.035). Nevertheless, CASP1 had no apparent correlation with clinicopathological
characteristics (p>0.05) (Table 3).

Figure 3 The protein expression of NLRC4 and CASP1 in CRC (HPA). (A) The protein expression of NLRC4 in CRC tissues and normal colon tissues. (B) The protein
expression of CASP1 in CRC tissues and normal rectum tissues (SP×100).

International Journal of General Medicine 2022:15 https://doi.org/10.2147/IJGM.S353380

DovePress
5431

Dovepress Peng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Correlation of NLRC4 and CASP1 Expression in CRC Tissues
Last, we performed a correlation analysis on the expression of NLRC4 and CASP1 in CRC tissues, the expression of
NLRC4 was positively correlated with CASP1 in CRC patients (r=0.470, p=0.002) (Table 4). The correlation results of
NLRC4 and CASP1 expression in CRC tissues are consistent with the results of bioinformatics analysis.

Discussion
CRC is a malignant tumor in the digestive system and is a neoplasm cancer found worldwide that has severely threatened
human health and life.27 Nevertheless, the potential biological mechanism of CRC remains elusive. Thus, it is vital to
confirm molecular biomarkers for the early diagnosis, prognosis evaluation and tumor therapy of CRC patients. This
study systematically analyzed the roles of NLRC4 and CASP1 in CRC to provide more data for further research on CRC.

As significant innate immune receptors, inflammasomes were proposed to be involved in either tumor progression or
suppression.28 NLRC4 is considered to be a member of the NLR family.29 The role of NLRC4 in CRC has been reported
in several studies. A previous study discovered that NLRC4 mRNA expression was significantly down-regulated in CRC
tissues, and its low expression may be significantly related to the occurrence of CRC.30 Siegel et al reported that NLRC4

Figure 4 Downregulation of NLRC4 and CASP1 was associated with poor survival in CRC in the PrognoScan database. (A–C) Prognostic value of the mRNA level of
NLRC4 in CRC patients. (D–F) Prognostic value of the mRNA level of CASP1 in CRC patients.
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could eliminate damaged intestinal epithelial cells through P53-mediated apoptosis and restrict further abnormal
proliferation and transformation into tumors.31 In our study, we found that NLRC4 is down-regulated in CRC, and
lower expression was positive significantly related to patients’ lymph node metastasis, this result is consistent with the
above research results. It proved that the presence of NLRC4 is a key pathway in inhibiting the progression of CRC.
However, Allen et al reported no significant difference in disease progression of CRC in NLRC4-/- mice compared with

Figure 5 NLRC4 and CASP1 gene alterations in CRC in the TCGA database. (A) Genetic alteration frequencies of NLRC4 in CRC. (B) Genetic alteration frequencies of
CASP1 in CRC.
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similarly treated WT-/- mice.32 It may be that the differences in gut microbiota influence the outcome of NLRC4
deficiency.

In addition, to determine the feasibility of NLRC4 as a prognostic factor for CRC patients, we evaluated the
prognostic value of abnormal NLRC4 expression in CRC. Our result revealed that lower NLRC4 transcription levels
lead to worse OS in CRC patients, but DFS and DSS were not statistically significant. One possible explanation for these
observations is the recording difficulty on DFS and DSS due to the bias in definition differences, interference from
patient comorbidities, uncertainty in cause of death. Even so, our results have confirmed that NLRC4 expression is
associated with OS in CRC, NLRC4 still has guiding value for the overall survival time of CRC patients, it might has
potential as a prognostic marker to predict the survival rate of patients.

CASP1 plays a key role in pyroptosis, and its tumor suppression function in various cancers has been widely
reported.33 The relationship between CASP1 and CRC has been proved by researchers. Domblides et al found a strong
downregulation at the protein level of CASP1 in CRC epithelial cells compared with normal epithelial cells, and its lower
expression level correlated with worse clinical outcomes for CRC patients.34 Consistent with previous research results,
our research indicated that the expression of CASP1 in CRC was markedly lower than those in normal tissues. It proves
that the decrease of CASP1 expression is closely related to the occurrence of CRC, CASP1 may have a protective effect
in CRC. Next, we further explored the prognostic significance of abnormally expressed CASP1 in CRC patients, we

Figure 6 Relationship of gene expression with immune infiltration in the TCGA database. (A) Association of NLRC4 expression with immune cell infiltration in CRC
patients. (B) Association of CASP1 expression with immune cell infiltration in CRC patients.
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found that CRC patients with higher mRNA levels of CASP1 had a better clinical prognosis. Thus, these data suggest
that CASP1 expression level could be a new early diagnostic and predictive prognostic marker in CRC.

At present, the tumor microenvironment plays an increasingly important role in tumor cell survival or death.35,36

Immune cell infiltration in the tumor microenvironment significantly influences tumor growth and is thought to be a vital
factor in both the clinical prognosis and immunotherapy effect of cancer patients.37 Up to now, some immunotherapy
molecules, such as PD-1 and PD-L1 have been extensively studied,38–40 but the relationship between NLRC4, CASP1
and immunotherapy has rarely been reported. This study was the first to illustrate that the expression of NLRC4 and
CASP1 was closely associated with the infiltration of various immune cells such as T-cells, DC, macrophages,

Figure 7 Gene and protein interaction network of NLRC4 in the STRING and GeneMANIA databases. (A) Protein–protein interaction network of NLRC4. (B) Gene–gene
interaction network of NLRC4.

Figure 8 The correlation and diagnostic value of NLRC4 and CASP1 in CRC. (A) The correlation between NLRC4 and CASP1 in CRC. (B) The diagnostic value of NLRC4
and CASP1 in CRC.

Table 2 The Protein Expression Levels of NLRC4 and CASP1 in CRC and Adjacent Tissues by IHC

Sample NLRC4 CASP1

Positive Negative χ2 p Positive Negative χ2 p

Tumor 11 24 4.690 0.030 11 24 5.757 0.016

Adjacent 20 15 21 14
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neutrophils, and Th1 cells. Immune responses mediated by multiple immune cells are thought to be a critical component
of cell-mediated antitumor effect.41 And some research has confirmed that NLRC4 and CASP1 have significant
significance in the innate and adaptive immune response.42,43 So, we speculate that the antitumor effects of NLRC4
and CASP1 are attributable to changes in the immune microenvironment. Targeting inflammasome signaling represents
a promising and novel therapeutic strategy against colitis and CRC.

Figure 9 Immunostaining of NLRC4 in CRC and control tissues determined by IHC. (A) CRC I stage. (B) CRC II stage. (C) CRC III stage. (D) CRC IV stage. (E-F) Normal
tissues (SP× 200; Scale bar, 50 μm).

Figure 10 Immunostaining of CASP1 in CRC and control tissues determined by IHC. (A) CRC I stage. (B) CRC II stage. (C) CRC III stage. (D) CRC IV stage. (E–F)
Normal tissues (SP ×200; Scale bar, 50 μm).
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Table 3 Association between NLRC4 and CASP1 and clinical Features in CRC Determined by IHC

Clinical Features NLRC4 χ2 p CASP1 χ2 p

Negative Positive Negative Positive

Sex

Male 13 1 6.386 0.012* 12 2 3.182 0.074
Female 11 10 12 9

Age

<60y 11 5 0.000 0.983 13 3 2.198 0.138
≥60y 13 6 11 8

T

T1 0 1 3.275 0.351 0 1 2.797 0.424
T2 2 2 3 1

T3 10 3 10 3

T4 12 5 11 6
N

N0 17 6 6.733 0.035* 18 5 3.320 0.190

N1 1 4 2 3
N2 6 1 4 3

M

M0 19 9 0.033 0.856 21 7 2.685 0.101
M1 5 2 3 4

Clinical stage

I 2 2 1.583 0.663 3 1 4.147 0.246
II 13 4 14 3

III 4 3 4 3

IV 5 2 3 4
Volume

<5cm 9 7 2.076 0.150 10 6 0.504 0.478
≥5cm 15 4 14 5

Grade

Low 4 1 1.891 0.389 2 3 2.859 0.239
Medium 14 9 16 7

High 6 1 6 1

State
Ileocecal 4 2 0.287 0.866 5 1 0.751 0.687

Colon 11 4 10 5

Rectum 9 5 9 5
Infiltration

Superficial muscle 1 1 0.597 0.742 1 1 0.597 0.742

Deep muscle 3 2 3 2
Serosa 20 8 20 8

Note: *p value <0.05.

Table 4 Correlation of NLRC4 and CASP1 in CRC

NLRC4 r P

+ -

CASP1 0.470 0.002

+ 7 4
- 4 20
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In addition, to assess the possible functions of NLRC4 and CASP1 in CRC, we constructed a PPI network. The
results indicated that NLRC4 and CASP1 are observably associated with multiple processes of cell apoptosis, pyroptosis,
innate immune response, regulation of inflammatory response, and regulation of defense response. These results showed
that NLRC4 and CASP1 may be involved in cell death, innate immune regulation, and regulating the release of
inflammatory factors to control the progression of CRC. Gene mutation is still an important biological process in
tumorigenesis, our results suggest that both NLRC4 and CASP1 have different genetic changes, so it could be thought
that the mutation or aberrant deficiency of the two genes in CRC cells may be an important pathological factor in CRC.

Although studies have confirmed that activation of NLRC4 activates the expression of CASP1, but their exact
relationship in CRC remains unclear. Our study indicated that NLRC4 and CASP1 have a significant positive correlation
in CRC. The data confirmed that NLRC4 and CASP1 may interact to influence the progression of CRC, but the specific
mechanism needs to be further clarified.

Nevertheless, there were several limitations to our research that need to be mentioned. First, the limited small sample
size may cause some restriction to the research. Second, the underlying biological mechanism controlling its expression
levels remains unclear. To solve this problem, larger sample cases and further in vivo and in vitro studies are necessary to
improve the reliability of the findings.

Conclusion
The results strongly demonstrated that the expression of NLRC4 and CASP1 might play an essential role in tumor
progression and immune responses in CRC, which may be beneficial for the development of diagnosis, prognosis and
treatment for CRC patients to improve their outcomes.
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NLRC4, nod-like receptor C4; NLR, Nod-like receptor; CASP1, caspase-1; CRC, colorectal cancer; IHC, immunohis-
tochemistry; PAMPs, pathogen-related molecular patterns; DAMPs, damage-related molecular patterns; IL-1β, inter-
leukin 1 beta; IL-18, interleukin-18; TCGA, the cancer genome atlas; CCLE, Cancer Cell Line Encyclopedia; HPA, the
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