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Purpose: This study aimed to investigate the effects of microRNA (miR)-22 on biological

behaviors of colon cancer cells and to explore the relationship between miR-22 and NLRP3.

Materials and Methods: First, human colon cancer HCT116 cells were transfected with

a miR-22 mimic, miR-22 inhibitor, control mimic, and control inhibitor, respectively. CCK8,

colony formation, and transwell assays were performed to observe cell proliferation, migra-

tion, and invasion. Western blotting was used to analyze the expression of recombinant

NLRP3 (NLR family, pyrin domain-containing protein 3) and epithelial–mesenchymal

transformation (EMT)-related proteins. The target relationship between miR-22 and

NLRP3 was verified by double luciferase report. Second, an NLRP3 inhibitor and NLRP3

mimic were transfected into HCT116 cells, and the biological behaviors and EMT-related

proteins were again observed. Finally, a nude mouse xenograft model was constructed to

verify the above results.

Results: In vitro, compared with the control group, administration of the miR-22 mimic

significantly decreased proliferation, migration, and invasion of HCT116 cells, whereas the

miR-22 inhibitor markedly increased their proliferation and invasion (p<0.05). Levels of

NLRP3, interleukin-1β (IL-1β), matrix metalloproteinase-9 (MMP-9), MMP-2, N-cadherin,

and vimentin were significantly reduced after miR-22 mimic transfection (p<0.05).

Furthermore, silencing of NLRP3, a downstream gene of miR-22 in HCT116 cells, sup-

pressed proliferation, migration, and invasion of HCT116 cells. However, overexpression of

NLRP3 weakened the effects of the miR-22 mimic. In vivo, overexpression of miR-22

slowed the growth rate of tumors and reduced Ki-67 expression in tumor tissues compared

with the model group (p<0.05). In tumor tissues, overexpression of miR-22 also decreased

expression of NLRP3, IL-1β, MMP-9, MMP-2, N-cadherin, and vimentin compared with the

model group (p<0.05). Overexpression of NLRP3 weakened the role of miR-22 overexpres-

sion in vivo.

Conclusion: miR-22 suppresses cell proliferation, migration, and invasion in colorectal

cancer by targeting NLRP3.

Keywords: miR-22, NLRP3, colorectal cancer, epithelial–mesenchymal transformation,

invasion

Introduction
Colorectal cancer (CRC) is the third most commonly occurring cancer and is

prevalent worldwide, especially in the developed world.1,2 According to the

World Health Organization’s GLOBOCAN database, there are more than

1.8 million new cases every year.3 CRC is caused by the cumulative transformation

of epithelial cells in the surface of the intestinal tract to cancerous cells.4,5 The

survival rate for CRC after surgery has been less than 60% in recent years.6,7
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Therefore, there is an urgent need to understand the bio-

logical mechanisms of CRC in order to develop new

therapies. In the past decade, tumor-derived human cell

lines have been a cornerstone of cancer research and have

guided our understanding of the process of cancer

development.

MicroRNAs (miRNAs) are small non-coding RNAs

with a mean length of 21–25 nucleotides (nt).8 Previous

research has demonstrated that miRNAs have an essential

role in the post-transcriptional regulation of gene and non-

coding RNA expression, thereby controlling signaling

events, cell migration, proliferation, and various cellular

pathways.9,11 Therefore, miRNA expression profiles are

related to tumor progression and are valuable in the clin-

ical diagnosis and prognosis of most cancers. Human

chromosome 17p13.3 encodes a 22-nt miRNA, miR-22.

The expression of miR-22 has been reported to be down-

regulated in different cancer lines, and it has been shown

to function as a tumor suppressor in pancreatic cancer and

breast cancer.12 It has also been shown to interrupt tumor

progression via effects on proliferation, migration, and

invasion, and could be used to control symptoms of breast

cancer and cervical cancer.12 Moreover, the expression

level of miR-22 is lower in CRC tissues than in normal

tissues, and the progression of CRC was found to be

blocked by silencing of hypoxia-inducible factor 1.13

However, further investigation of the mechanisms of

miR-22 in CRC are needed.

NLRP3 (recombinant NLR family, pyrin domain-

containing protein 3) is recruited in response to pathogenic

or endogenous signals and is responsible for maturation and

secretion of pro-inflammatory cytokines including interleu-

kin-1β (IL-1β) and IL-18.14 Studies have shown that miR-22

binds directly to the 3′ untranslated region (3′-UTR) of

NLRP3 to suppress cell proliferation in oral squamous cell

carcinoma15 and gastric cancer.16 Nevertheless, the effects

of miR-22 on epithelial–mesenchymal transformation

(EMT) in CRC require further elucidation.

In this study, we designed control and experimental

groups to confirm the function of miR-22 in human

colon cancer cells. We also further verified that miR-22

represses EMT by targeting NLRP3 in CRC.

Materials and Methods
Cell Culture
Human colonic epithelial cells (HCoEpiC) and human

colon cancer cell lines HCT116, HCT8, HT29, LS174T,

LOVO, and SW480 were all obtained from the Shanghai

Institute of Cell Research, CAS. Cells were cultured with

DEGM (Gibco) with 1% penicillin-streptomycin and 10%

fetal bovine serum (FBS) at 37°C, 5% CO2. Subcultured

cells in the logarithmic growth phase were selected for

further study.

Cell Grouping and Transfection
HCT116 cells were used for the following cell experiments.

According to a previously reported method,15 cells were

transfected with a miR-22 mimic and miR-22 inhibitor for

72 h to explore the function of miR-22. Lentiviral particles

were constructed by Shanghai Jikai Biotechnology Co., Ltd.

Cells were randomly divided into five groups: blank control

(BC) group (no treatment), miR-22 overexpression negative

control (NC1) group (transfected with miR-22 scramble),

miR-22 overexpression (miR-22) group (transfected with

miR-22 mimic), miR-22 silencing negative control (NC2)

group (transfected with miR-22 inhibitor negative control),

and miR-22 silencing (si-miR) group (transfected with miR-

22 inhibitor).

To further confirm that NLRP3 was a downstream gene

of miR-22 in CRC, six groups were used: BC, miR-22,

NLRP3 silencing negative control (NC3) group (trans-

fected with NLRP3 short interfering RNA (siRNA) nega-

tive control vector), NLRP3-silencing (si-NLRP3) group

(transfected with NLRP3 siRNA vector), miR-22 overex-

pression+NLRP3 overexpression negative control (miR

+NC4) group (transfected with miR-22 mimic and

NLRP3 mimic negative control), and miR-22 overexpres-

sion+NLRP3 overexpression (miR+NLRP3) group (trans-

fected with miR-22 mimic and NLRP3 mimic).

RT-PCR
Cells were collected and centrifuged at 4°C (12,000 rpm) for

5 min. Total RNA was extracted using TRIzol reagent

according to the manufacturer’s instructions (Tamara,

Dalian, China). First-strand cDNA synthesis was performed

with a cDNA Reverse Transcription Kit (Applied

Biosystems, Waltham, MA, USA). RT-PCR (MasterCycler)

consisted of 35 cycles of 95°C for 15 s, 60°C for 60 s, and

72°C for 40 s. Data were analyzed by the comparison Ct

(2−ΔΔCt) method and expressed as fold change relative to

glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

or U6.

The primers were as follows.

miR-22 Forward: 5′-GCATGGAAGCTGCCAGTTG

AAG-3′
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Reverse: 5′-ATCCAGTGCAGGGTCCGAGG-3′

U6 Forward: 5′-CTCGCTTCGGCAGCACA-3′

Reverse: 5′-AACGCTTCACGAATTTGCGT-3′

NLRP3 Forward: 5′-CCATCGGCAAGACCAAGA-3′

Reverse: 5′-ACAGGCTCAGAATGCTCATC-3′

GAPDH Forward: 5′-TGACTTCAACAGCGACACC

CA-3′

Reverse: 5′-CACCCTGTTGCTGTAGGCCAAA-3′

CCK-8 Assay
Cell viability was assessed using a Cell Counting Kit-8

(CCK8) assay kit (Dojindo, Japan) according to the man-

ufacturer’s protocol. Cells were cultured in 96-well plates

at a density of 2×104 cells per mL. At 72 h, 10 μL of

CCK-8 solution was added to plates, followed by incuba-

tion for 4 h at 37°C. Optical density was measured at 450

nm to reflect cell viability.

Colony Formation Assay
Cells in the logarithmic growth phase were detached with

0.25% trypsin, and the cell concentration was adjusted to

250 cells/mL. These cells were cultured in a six-well plate

at 37°C with 5% CO2 for 2–3 weeks; the fresh medium

was changed every 3 days. Cells were then fixed in metha-

nol, and 1 mL Giemsa working fluid was added to each

well for 30 min. Cells were washed with water, and excess

water was removed with filter paper.

Transwell Assays
Cell invasion and migration were examined by transwell

assay. For the invasion assay, the upper chamber of the

filter was pre-coated with pre-cooled DMEM and Matrigel

(Solebao, Beijing) at 1:1 dilution, and 5×104 transfected

cells were cultured in the upper chamber at 37°C for 4 hrs.

Next, 600 µL of DMEM with 10% FBS was added to the

lower chamber and cultured at 37°C with 5% CO2 for

72 hrs. After washing twice with phosphate-buffered sal-

ine, the chambers were fixed in 5% glutaraldehyde at 4°C,

then stained with 0.1% crystal violet (Solarbio, Beijing,

China) for 30 mins. For the migration assay, cells were

cultured in the upper chamber using pre-cooled DMEM

without Matrigel. Finally, the numbers of cells were

observed at 400x magnification by an inverted microscope

(Olympus, Japan).

Western Blotting
Supernatants of cells or tissues were collected, and BCA

kits (Solarbio, Beijing, China) were used to measure

protein concentration. Cell suspensions were gently

mixed with 10% SDS-PAGE at 95°C for 5 mins.

Proteins were transferred to polyvinylidene fluoride mem-

branes for 30 min and blocked with 5% bovine serum

albumin (BSA) for 1 h. The membranes were incubated

with primary antibodies including matrix metalloprotei-

nase-2 (MMP-2) (1:500, orb193343), MMP-9 (1:500,

orb227878), E-cadherin (1:500, orb43407), N-cadherin

(1:500, orb227888), vimentin (1:500, orb229187),

NLRP3 (1:500, orb319065), IL-1β (1:500, orb339111),

and β-actin (1:2000, orb178392) at 4°C overnight. All

antibodies were from Biorbyt (Shanghai, China). After

warming, proteins were further incubated with anti-rabbit

IgG secondary antibody (1:1000, ABIN101998, antibo-

dies-online, Aachen, Germany) for 1 h and visualized

using enhanced chemiluminescence for 3–5 min. Protein

expression was normalized by β-actin. Grayscale scanning
and quantification were performed using the Image

J (NIH) software.

Luciferase Reporter Assay
The wild-type or mutant 3′-UTR of NLRP3 for miR-22

was amplified in a pGL3/luciferase vector (Promega,

Madison, WI, USA) and cloned into cells downstream of

the luciferase gene. The luciferase activity of cells was

analyzed by dual-luciferase assay (Promega) 48 h after

transfection.

Xenografts Models in Nude Mice
Twenty-four male BALB/c nude mice, weighing 16–18 g,

were purchased from Beijing Vital River Laboratory

Animal Technology Co., license number SCXK (Beijing)

20160006. All mice were fed at 24–26°C. The animal

experiments followed National Institutes of Health guide-

lines (NIH Pub. No. 85-23, revised 1996) and were

approved by the Animal Protection and Use Committee

of Shengjing Hospital of China Medical University (No.

20190612015). HCT116 cells in the logarithmic growth

phase were digested with 0.25% trypsin and adjusted to

a concentration of 5×107/mL.15 A 0.1-mL cell dilution was

injected into the skin of the back of the right forelimb. The

24 nude mice were randomly divided into four groups:

model group (injected with untreated HCT116 cells), miR-

22 group (injected with HCT116 cells transfected with

miR-22 mimic), si-NLRP3 group (injected with HCT116

cells transfected with NLRP3 siRNA), and miR+NLRP3

group (injected with HCT116 cells transfected with miR-

22 mimic and NLRP3 mimic).
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Tumor Volume
Tumor volumes were calculated based on the long dia-

meter (L) and short diameter (W) of the tumor every 7

days using the following formula: tumor volume (V) =

(long diameter x short diameter2)/2. After 28 days, mice

were sacrificed using an intraperitoneal injection of 0.6%

sodium pentobarbital (40 mg/kg) and tumor tissues were

weighed. The tumor specimens were partially fixed in 4%

paraformaldehyde and stored at −80°C.

Immunohistochemical Assay
Tumor tissues were fixed with 4% paraformaldehyde and

cut into 4-µm sections. Three percent H2O2 methanol

solution was added for 20 min, followed by the addition

of citrate buffer (pH 6.0) for 10 min at 95°C. Samples

were blocked with 5% BSA for 20 min. Polyclonal rabbit

anti-human Ki67 antibody (1:200, orb88614, Biorbyt,

Cambridge, UK) was added and incubated at 4°C over-

night. After rewarming, samples were incubated with goat

anti-rabbit horseradish peroxidase-conjugated IgG anti-

body (1:1000, ABIN101988, antibodies-online). Tissues

were colored with DAB, then counterstained, dehydrated,

cleared, and sealed, before being observed at 400x magni-

fication (Olympus, Japan) and analyzed with the Aperio

ImageScope 11.1 software.

Statistical Analysis
Data were processed using SPSS 19.0 and presented as

mean ± standard deviation. Statistical significance was

determined using analysis of variance for multiple com-

parisons followed by Tukey’s test. p<0.05 was considered

statistically significant.

Results
miR-22 Overexpression Suppressed Cell

Proliferation, Migration, and Invasion in

Human Colon Cancer Cells
To assess the function of miR-22 in human colon cancer

cells, miR-22 expression levels in different cells were

analyzed (Figure 1A). Compared with HCoEpiC cells,

miR-22 levels were decreased in human colon cancer

cells (p<0.05). We chose HCT116 cells for further inves-

tigation of the effects of miR-22 because they had the

lowest miR-22 levels among the cancer cells tested.

Different expression of miR-22 in HCT116 cells was

established (Figure 1B). HCT116 cell activities were

tested at 72 h by CCK-8 assay (Figure 1C); the results

showed that miR-22 overexpression significantly sup-

pressed cell activities, whereas silencing of miR-22 pro-

moted cell activities compared with the control group

(p<0.05). Cell proliferation was also analyzed by plate

clone formation test (Figure 1D). Colony formation num-

bers were significantly increased after the administration

of the miR-22 inhibitor and decreased after miR-22 mimic

transfection compared with the control group (p<0.05).

Similarly, cell invasion and migration were increased in

the si-miR group but decreased in the miR-22 group com-

pared with the control group (Figure 1E, p<0.05). Taken

together, these results confirm the essential role of miR-22

in maintaining proliferation, invasion, and migration of

HCT116 cells.

miR-22 Overexpression Restrained EMT

in HCT116 Cells
Western blotting was performed to determine the levels of

MMP-2, MMP-9, N-cadherin, E-cadherin, and vimentin in

each group (Figure 2). The results showed that the expres-

sion levels of MMP-2, MMP-9, vimentin, and N-cadherin

were markedly reduced, but E-cadherin expression was

significantly increased, in the miR-22 group compared

with the control group (p<0.05). Levels of MMP-2,

MMP-9, vimentin, and N-cadherin were increased, and

levels of E-cadherin were decreased compared with the

control group (p<0.05). These data suggest that miR-22

has an essential role in the regulation of EMT in HCT116

cells.

miR-22 Targeted NLRP3 in HCT116 Cells
NLRP3 has been reported to be involved in the metastasis

of many tumor types. The expression of NLRP3 in

HCT116 cells was detected by quantitative RT-PCR

(qRT-PCR) and Western blotting (Figure 3A and B).

The expression of NLRP3 was significantly decreased

in the miR-22 group but significantly increased in the si-

miR group compared with the control group (p<0.05).

The expression of IL-1β showed a similar trend to that of

NLRP3 (Figure 3B). As shown in Figure 3C, a target

binding site between miR-22 and NLRP3 was identified

by TargetScan and miRanda. The dual-luciferase reporter

assay confirmed that NLRP3 is a target gene of miR-22

(Figure 3D). These results indicate that miR-22 targets

NLRP3 to regulate the biological behaviors of HCT116

cells.
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miR-22 Overexpression Inhibited

HCT116 Cell Proliferation, Migration,

and Invasion via Targeting NLRP3
To further verify the results presented above, we divided

the cells into six groups. The expression of NLRP3 mRNA

in each group is shown in Figure 4A. The data showed that

the NLRP3 mimic and siRNA were successfully

transfected. The effects of miR-22 on proliferation via

regulation of NLRP3 in HCT116 cells were studied. The

cells’ abilities and colony formation numbers were signif-

icantly reduced in the si-NLRP3 and miR-22 groups, but

the NLRP3 mimic weakened the effects of the miR-22

mimic (p<0.05, Figure 4B and C). In the transwell assay

(Figure 4D), transfection of miR-22 mimic or NLRP3

siRNA markedly decreased invasion and migration of

Figure 1 Effects of miR-22 on cell proliferation, migration, and invasion in human colon cancer cells. (A) miR-22 levels examined by qRT-PCR in cells; (B) miR-22 levels

examined by qRT-PCR in transfected HCT116 cells; (C) cell proliferation examined by CCK8; (D) cell proliferation examined by colony formation assay; (E) cell invasion and

migration examined by transwell assay (×400). @p<0.05 compared with HCoEpiC group; *p<0.05 compared with BC group; #p<0.05 compared with miR-22 group.

Abbreviations: BC, blank control group, without any treatment; NC1, miR-22 overexpression negative control group, transfected with miR-22 scramble; miR-22, miR-22

overexpression group, transfected with miR-22 mimic; NC2, miR-22 silencing negative control group, transfected with miR-22 inhibitor negative control; si-miR, miR-22

silencing group, transfected with miR-22 inhibitor.
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HCT116 cells, and transfection of the NLRP3 mimic

reduced the effects of the miR-22 mimic (p<0.05). This

suggests that miR-22 overexpression inhibited HCT116

cell proliferation, migration, and invasion via regulating

NLRP3.

miR-22 Overexpression Controlled EMT

via Regulating NLRP3 in HCT116 Cells
To determine whether miR-22 overexpression controlled

EMT via targeting NLRP3 in HCT116 cells, we examined

the expression of related proteins using Western blotting

Figure 2 Effects of miR-22 on levels of MMP-2, MMP-9, E-cadherin, N-cadherin and vimentin in HCT116 cells. Western blot images are representative of three replicates.

*p<0.05 compared with BC group; #p<0.05 compared with miR-22 group.
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(Figure 5). The results indicated that the expression levels of

NLRP3, IL-1β, MMP-2, MMP-9, vimentin, and N-cadherin

proteins were lower in both the miR-22 and si-NLRP3 groups

compared with the BC group (p<0.05). However, the expres-

sion of E-cadherin protein was greatly increased in the miR-

22 and si-NLRP3 groups compared with the BC group

(p<0.05). Thus, it is clear that NLRP3 overexpression wea-

kened the inhibition of the miR-22 mimic.

miR-22 Overexpression Repressed

Tumor Growth via Regulating NLRP3 in

Nude Mice
To further confirm whether miR-22 inhibited tumorigen-

esis in vivo, we conducted a tumor formation experiment

in nude mice using HCT116 cells (Figure 6). In compar-

ison to the model group, tumor size and weight were

suppressed in the other groups (p<0.05, Figure 6A and

B). Compared with the miR-22 mimic group, tumor

volume and weight were obviously increased in the miR

+NLRP3 group (p<0.05). Ki-67 expression in tumor tissue

was analyzed by immunohistochemistry (Figure 6C). The

percentage of Ki67-positive cells in the tumor tissues was

decreased in the miR-22 and si-NLRP3 groups. Compared

with the miR-22 group, the percentage of Ki67-positive

cells in tumor tissue was increased in the miR+NLRP3

group (p<0.05). These results indicate that miR-22 over-

expression repressed tumor growth via regulating NLRP3.

miR-22 Overexpression Suppressed EMT

by Targeting NLRP3 in Nude Mice
Consistent with the results of the in vitro experiments, the

expression levels of NLRP3, IL-1β, MMP-9, MMP-2,

vimentin, and N-cadherin proteins were decreased, but that

of E-cadherin protein was increased, in all groups compared

with the model group (Figure 7, p<0.05). Compared with the

miR-22 group, NLRP3, IL-1β, MMP-9, MMP-2, vimentin,

and N-cadherin, and E-cadherin protein expression levels

were all decreased in the miR+NLRP3 group (p <0.05).

Discussion
Previous studies have reported potential functions of miR-22

in various cancers, including CRC17 and osteosarcoma.18 In

CRC, miR-22 suppresses cell proliferation and migration

in vitro and in vivo by targeting HuR.17 In osteosarcoma,

miR-22 inhibits biological functions and increases cisplatin

sensitivity via targeting S100A11.18 Here, we examined the

function of miR-22 in CRC and found that it had a tumor-

inhibiting role, consistent with the results of other studies.

We also showed that miR-22 repressed CRC cell prolifera-

tion, migration, and invasion in vitro and in vivo. The

Figure 3 Effects of miR-22 on expression of NLRP3 in HCT116 cells. (A) NLRP3 levels examined by RT-PCR in each group; (B) NLRP3 and IL-1β levels examined by

Western blotting; (C) prediction of binding site between miR-22 and the 3′ untranslated regions of NLRP3 by TargetScan and miRanda; (D) dual-luciferase reporter gene

assay. *p<0.05 compared with BC group; #p<0.05 compared with miR-22 group.
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Figure 4 miR-22 overexpression inhibited proliferation, migration, and invasion in HCT116 cells via targeting NLRP3. (A) NLRP3 levels examined by RT-PCR in each group;

(B) cell proliferation examined by CCK8 assay; (C) cell proliferation examined by colony formation assay; (D) cell invasion and migration examined by transwell assays

(×400). *p<0.05 compared with BC group; #p<0.05 compared with miR-22 group; ^p<0.05 compared with si-NLRP3 group.

Abbreviations: NC3, NLRP3 silencing negative control group, transfected with NLRP3 siRNA negative control vector; si-NLRP3, NLRP3 silencing group, transfected with

NLRP3 siRNA vector; miR+NC4, miR-22 overexpression+NLRP3 overexpression negative control group, transfected with miR-22 mimic and NLRP3 mimic negative

control; miR+NLRP3, miR-22 overexpression+NLRP3 overexpression group, transfected with miR-22 mimic and NLRP3 mimic.
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underlying mechanisms by which miR-22 regulates tumor

progression are diverse and complex, and are worth explor-

ing in more detail in CRC.

The immune system resists to other erosion via the

expression of pattern recognition receptors (PRRs),

which have been linked to the function of various

inflammasomes.19 Members of the NLR (nucleotide-

binding domain and leucine-rich repeat-containing) pro-

tein family are important PRRs with a crucial role.20

The NLRP3 inflammasome plays an important part in

activating the inflammasome modulated innate immune

function,21,22 leading to activation of the IL-1β family

of cytokines. Recent reports have verified that excessive

activation of the NLRP3 inflammasome enhances metas-

tasis of various tumor types, including CRC.23,24 In the

current study, NLRP3 was poorly expressed when miR-

22 was overexpressed but highly expressed when miR-

22 was silenced, indicating that miR-22 effectively

repressed the expression of NLRP3. Dual-luciferase

reporter assays confirmed that NLRP3 was a target

gene of miR-22.

In CRC, NLRP3 is associated with tumor size, invasion,

lymph node metastasis, and TNM stage, potentially via acti-

vating the EMT process.24 MMPs are a major group of

proteases known to regulate the turnover of the extracellular

matrix and are associated with chronic inflammation.25 To

further investigate the effects of miR-22 on MMPs and EMT

in CRC via targeting NLRP3, we also examined the expres-

sion of MMP-9, MMP-2, vimentin, N-cadherin, and

E-cadherin. Overexpression of miR-22 reduced levels of

Figure 5 miR-22 overexpression suppressed EMT-related protein expression via targeting NLRP3 in HCT116 cells. (A) NLRP3 and IL-1β levels examined by Western

blotting in each group; (B) MMP-2, MMP-9, E-cadherin, N-cadherin, and vimentin levels examined by Western blotting in each group. Western blot images are representative

of three replicates. *p<0.05 compared with BC group; #p<0.05 compared with miR-22 group; ^p<0.05 compared with si-NLRP3 group.

Dovepress Cong et al

Cancer Management and Research 2020:12 submit your manuscript | www.dovepress.com

DovePress
5427

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


MMP-9, MMP-2, vimentin, and N-cadherin proteins via

regulation of NLRP3.

Although the above results demonstrate that miR-22

suppresses colon cancer invasion and metastasis by

targeting NLRP3, the study had many limitations and

deficiencies. Only HCT116 cells were used for the

experiments; the study should be replicated using

other CRC cells. Levels of secreted IL-1β in super-

natants should be analyzed using, for example, ELISA

assays. Furthermore, the effects of stimulation of

cells with IL-1β or lipopolysaccharide should be

studied in order to compare the NLRP3 overexpression

of cells.

Conclusions
In summary, miR-22 has a tumor-suppressing role in CRC,

and overexpression of miR-22 inhibits migration, EMT,

and growth in vitro and in vivo by regulating NLRP3

expression. These findings provide new insights into the

underlying mechanisms of CRC progression and highlight

miR-22 as a potential prognostic biomarker and therapeu-

tic target.

Figure 6 Effects of miR-22 on the growth of HCT116 cell xenografts via targeting NLRP3. (A) Tumor volumes; (B) tumor weights; (C) immunohistochemistry to detect

Ki67 expression in tumor tissues (×400). &p<0.05 compared with model group; #p<0.05 compared with miR-22 group; ^p<0.05 compared with si-NLRP3 group.

Figure 7 Effects of miR-22 on expression of related proteins in HCT116 cell xenografts via targeting NLRP3. Western blot images are representative of three replicates.
&p<0.05 compared with model group; #p<0.05 compared with miR-22 group; ^p<0.05 compared with si-NLRP3 group.
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