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Pyroptosis is a type of proinflammatory programmed cell death mediated by caspase 1 activity and occurs in 
several types of eukaryotic tumor cells, including gliomas. MicroRNAs (miRNAs), small endogenous noncod-
ing RNAs, have been demonstrated to be advantageous in glioma therapy. However, the question of whether 
miRNAs regulate pyroptosis in glioma remains unknown. The current study found that caspase 1 expres-
sion was substantially increased in both glioma tissues and glioma cell lines, U87 and T98G, while miR-214 
expression was significantly downregulated. Luciferase reporter assay recognized caspase 1 as a target gene of 
miR-214. These findings demonstrate that miR-214 could inhibit cell proliferation and migration through the 
regulation of pyroptosis intermediated by caspase 1 in glioma U87 and T98G cells and may suggest a novel 
therapeutic for the intervention of glioma.
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INTRODUCTION

Gliomas are the most common type of malignant primary 
brain tumors in adults. Despite comprehensive therapies 
including surgical resection, radiotherapy, and chemother-
apy, the prognosis of patients with glioma remains poor, as 
the median survival period of patients suffering from malig-
nant gliomas such as glioblastoma multiforme (GBM) 
is only 14 months1. As glioma develops, it infiltrates into 
adjacent normal brain tissues, making it difficult to treat. 
Therefore, there is a pressing need to understand the mecha-
nisms of glioma cell proliferation and migration in order to 
develop more effective treatment strategies.

Pyroptosis is a type of proinflammatory programmed 
cell death2. Although it shares biochemical and morpho-
logical characteristics of necrosis and apoptosis, it remains 

a unique process triggered by various stimuli and leads 
to the release of cytokines that activate proinflammatory 
immune cell mediators3. Caspase 1, the effector protease 
of the inflammasome, is activated during pyroptosis and 
cleaves the proinflammatory cytokines interleukin-1b 
(IL-1b) and IL-184. This proinflammatory microenviron-
ment is favorable for tumor initiation and progression, as 
increased serum levels of proinflammatory ILs such as 
IL-1b and IL-18 have been observed in several types of 
cancer. However, no studies have focused on the function 
of pyroptosis in glioma.

MicroRNAs (miRNAs) are small endogenous noncod-
ing RNAs approximately 21–23 nucleotides in length. 
They regulate gene expression primarily through interac-
tion with the 3¢-untranslated regions (3¢-UTRs) of mRNAs,  
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resulting in mRNA decay or translational repression5. 
Since miRNAs can have many targets, they may play 
an important role in tumorigenesis through regulation 
of proliferation6, cell death7, autophagy8, or differentia-
tion9. Specifically, low expression of miR-214 has been 
observed in several types of human malignant tumors, 
distinguishing it as a tumor suppressor10–13. Conversely, 
some studies have found that miR-214 was upregulated in 
malignant melanoma and associated with disease progres-
sion and distant metastasis14,15. Although previous studies 
have shown miR-214 dysregulation in glioma tissue16–18, 
there have been few published articles involving the 
functional analysis and molecular network of miR-214 in 
glioma. Further studies are needed to decode the underly-
ing regulatory pathways by which miRNAs participate in 
the proliferation and migration of glioma and to identify 
miRNA function to determine novel therapeutic targets 
for glioma.

In the current study, we observed that pyroptosis is 
activated in glioma tissues as well as the glioma cell lines 
U87 and T98G. Through computational prediction and 
experimental confirmation, we have shown that miR-
214 directly targets the caspase 1 gene. Consequently, 
we investigated the role of pyroptosis in promoting the 
proliferation and migration of glioma cells. Additionally, 
we demonstrated that the level of caspase 1 mRNA is 
inversely correlated with miR-214 expression. Together, 
these results indicate that miR-214 inhibits glioma cell 
proliferation and migration partially through regulat-
ing pyroptosis intermediated by caspase 1. These find-
ings facilitate the understanding of glioma pathogenesis 
and identify a potential therapeutic for the treatment 
of glioma.

MATERIALS AND METHODS

Human Tissue Samples

Six glioma tissues and the corresponding adjacent 
normal tissues were obtained from the Department of 
Neurosurgery at the First Affiliated Hospital of Harbin 
Medical University. Informed consent was obtained for 
each patient. Histological features were confirmed by 
a pathologist according to the WHO criteria. All tissue 
samples were immediately collected and stored in liq-
uid nitrogen after resection. This study was approved by 
the ethical committee of the First Affiliated Hospital of 
Harbin Medical University, P.R. China.

Cell Line and Reagents

The glioma cell lines U87 and T98G were obtained 
from the American Type Culture Collection (ATCC; 
Manassas, VA, USA). Cells were cultured at 37°C with 5% 
CO2 in Dulbecco’s modified Eagle’s medium (DMEM) 
(HyClone, Logan, UT, USA) supplemented with 10% 

fetal bovine serum (FBS; Biological Industries, Beit-
Haemek, Israel).

Immunofluorescence Staining

Immunofluorescence analysis was performed on the 
glioma tissue samples to assess the protein expression of 
GFAP and IL-1b. Tumor tissues were fixed and processed 
for paraffin sectioning by standard protocols. The sam-
ples were then blocked with 2% BSA (Sigma-Aldrich, 
St. Louis, MO, USA) in PBS for 1 h and incubated with 
mouse monoclonal GFAP and IL-1b primary antibody. 
Samples were washed three times with PBS before incu-
bation with the FITC- and TRITC-conjugated secondary 
antibody for 1 h at room temperature. Cell nuclei were 
counterstained with DAPI (300 nM in D-PBS; Thermo 
Fisher Scientific, Waltham, MA, USA) for 10 min. 
Images were obtained on an inverted fluorescence micro-
scope (Nikon Instruments, Melville, NY, USA).

Cells were plated on coverslips in 24-well plates and 
allowed to reach 60% confluence. Cells were then treated 
with 100 µM caspase 1 inhibitor for 48 h and fixed in 4% 
paraformaldehyde, permeabilized with 0.05% Triton X-100 
in PBS, and blocked with 10% BSA in PBS. The treated 
cells were incubated with primary antibodies against cas-
pase 1 (1:200; Cell Signaling Technologies, Danvers, MA, 
USA) at 4°C overnight. Subsequently, cells were washed 
three times in PBS and incubated for 1 h with the appro-
priate secondary antibodies (1:1,000). Finally, the stained 
cells were observed with a confocal microscope.

Transfection

U87 and T98G glioma cells were transiently trans-
fected with mimic control, miR-214 mimic, inhibitor con-
trol, miR-214 inhibitor, and miR-214 inhibitor + caspase 1 
inhibitor (Ac-YVAD-CMK).

Real-Time PCR Analysis

Caspase 1, IL-18, IL-1b mRNA, and miR-214 tran-
scripts were measured using real-time PCR. Total RNA 
was extracted from tissues and cells using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA). First-strand cDNA was 
synthesized using a reverse transcriptase kit (Applied 
Biosystems, Foster City, CA, USA) according to the 
manufacturer’s instructions. Real-time PCR was carried 
out using the SYBR Green PCR Master Mix Kit (Applied 
Biosystems) and performed on the 7500 FAST Real-Time 
PCR System (Applied Biosystems). GAPDH was used as 
an internal control. The following primers were used in  
the study: caspase 1, 5¢-ACACGTCTTGCCCTCATTATC 
T-3¢ (forward) and 5¢-ATAACCTTGGGCTTGTCTTTC 
A-3¢ (reverse); GAPDH, 5¢-ATCACTGCCACCCAGAA 
GAC3¢ (forward) and 5¢-TTTCTAGACGGCAGGTCAG 
G-3¢ (reverse); IL-18, 5¢-ACAACCGCAGTAATACGGA 
GCA-3¢ (forward) and 5¢-TGTGCTCTGCTTGAGAGG 
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TGCT-3¢ (reverse); IL-1b, 5¢-CCCTGCACTGGAGAGT 
GTGG-3¢ (forward) and 5¢-TGTGCTCTGCTTGAGAG 
GTGCT-3¢ (reverse); and miR-214, 5¢-ATAGAATTCTT
TCTCCCTTTCCCCTTACTCTCC-3¢ (forward) and 5¢-
CCAGGATCCTTTCATAGGCACCACTCACTTTAC-
3¢ (reverse).

MTT Assay

Cell proliferation was determined using a methylthi-
azoletetrazolium (MTT) assay according to the manufac-
turer’s instructions (Sigma-Aldrich). Cells were seeded 
onto a 96-well plate and treated with the mimic control, 
miR-214 mimic, inhibitor control, miR-214 inhibitor, 
and miR-214 inhibitor + caspase 1 inhibitor (Ac-YVAD-
CMK). The medium was then removed, and cells were 
washed with PBS followed by incubation with MTT 
(0.5 mg/ml) for 2 h at 37°C. The MTT reagent was then 
replaced with dimethyl sulfoxide (100 µl per well) and 
mixed on a shaker at room temperature for 10 min to dis-
solve the formazan crystals. Absorbance was determined 
at 550 nm using a microplate reader.

Wound Healing Assay

U87 and T98G cells were incubated in a six-well cul-
ture plate to achieve 90% confluence, and the cell mono-
layer was scratched in a straight line with a pipette tip. 
In order to remove the debris and smooth the edge of the 
scratch, culture medium was removed, and wells were 
washed with medium three times. After 48 h, the width 
of the open area was measured. The distance of wound 
closure was used to estimate migration ability.

Western Blot

Western blot was performed as described previously. 
The following primary antibodies were used: anti-caspase 1 
antibody (1:1,000) and anti-b-actin antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA).

TUNEL Staining

Cells were plated onto coverslips inside culture plates, 
and In Situ Cell Death Kits (TUNEL fluorescence FITC 
kit; Roche, Indianapolis, IN, USA) were used to detect 
DNA fragmentation of individual cells according to the 
manufacturer’s instructions. The nuclei were stained with 
DAPI. TUNEL staining was then assessed by fluores-
cence microscopy. Nuclei that were double labeled with 
DAPI and TUNEL were considered positive.

Luciferase Reporter Assay

The putative binding site of miRNA-214 in caspase 
1 3¢-UTR was retrieved from TargetScan and identified 
as the caspase 1 3¢-UTR fragment containing wild- or 
mutant-type miRNA-214-binding sequence. Cells were 
cultured in 96-well plates and cotransfected with 100 nM 

miRNA inhibitors and 1 µg of reporter plasmids using 
Lipofectamine 2000 (Invitrogen). Cells were harvested at 
72 h after transfection, and luciferase activity was mea-
sured with the Dual-Luciferase Reporter Assay System 
(Promega, Madison, WI, USA). Luciferase activity was 
normalized to Renilla luciferase activity.

ELISA Assay

Caspase 1 response to miR-214 was measured in vitro 
by IL-1b and IL-18 ELISA assay. U87 and T98G cells 
were plated onto a 96-well plate. Forty-eight hours after 
transfection, cell culture supernatants were harvested, 
and the presence of IL-1b and IL-18 was determined 
by ELISA as per the manufacturer’s instructions (R&D 
Systems, Minneapolis, MN, USA).

Statistical Analysis

The data were presented as mean ± SEM. Statistical 
analysis was performed using Student’s t-test or one-way 
ANOVA test, where p < 0.05 was considered significant.

RESULTS

Pyroptosis Is Activated in Glioma Tissues

Immunofluorescence analysis of the brain tissue 
revealed colocalization of proinflammatory cytokine IL-1b  
with the glioma cell marker GFAP (Fig. 1a). Simulta-
neously, expression of caspase 1 was remarkably increased 
at both the mRNA and protein levels in the tumor group 
(Fig. 1b and c), indicating that pyroptosis was activated 
in glioma tissues.

miR-214 Targets Caspase 1

Computational analysis predicated a conserved bind-
ing site for miR-214 in the 3¢-UTR of the caspase 1 
gene (Fig. 2a). To verify that miR-214 directly targets 
caspase 1, a luciferase construct carrying the caspase 1 
3¢-UTR was constructed. Cotransfection of the miR-
214 mimic caused a sharp decrease in luciferase activity 
compared with transfection of mimic control. However, 
the miR-214 mimic failed to affect the luciferase activ-
ity elicited by a construct carrying the caspase 1 3¢-UTR 
with a mutant miR-214-binding site (Fig. 2b). In addi-
tion, we confirmed that the miRNA-214 mRNA expres-
sion was significantly downregulated in the brain tissues 
of glioma patients compared to normal brain tissues 
(Fig. 2c). The protein levels of caspase 1 in the mimic 
control, miR-214 mimic, inhibitor control, and miR-
214 inhibitor groups (U87 and T98G cell lines) were 
significantly downregulated following transfection with 
miR-214 mimics into the U87 and T98G cell lines, 
while being notably upregulated subsequent to transfec-
tion with the miR-214 inhibitor (Fig. 2d). The relative 
mRNA levels of caspase 1 in the miR-214 mimic, mimic 
control, miR-214 inhibitor, and inhibitor control groups  
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(U87 cell line) showed an expression trend similar to the 
protein (Fig. 2e). Immunofluorescence staining also dem-
onstrated that caspase 1 expression was decreased remark-
ably in the miR-214 mimic groups (U87 and T98G cell 
lines), while caspase 1 expression was increased remark-
ably in the miR-214 inhibitor groups (U87 and T98G cell 
lines) (Fig. 2f and g).

miR-214 Inhibits Cell Proliferation and Migration

To confirm the effect of miR-214 on tumor cellular 
processes, we transfected U87 and T98G cells. Cell pro-
liferation was investigated using the MTT assay. Cells 
transfected with the miR-214 mimic exhibited significant 
growth suppression compared to those transfected with 
the mimic control (Fig. 3a and b). Furthermore, suppres-
sion was eradicated by miR-214 inhibitor transfection. 
Moreover, the migration ability of the transfected cells 
was tested using the wound healing assay at 48 h. This 
demonstrated that cells transfected with the miR-214 
mimics exhibited retarded mobility in comparison with 
those transfected with the mimic control (Fig. 3c and d). 
Moreover, this phenomenon was reversed when trans-
fected with the miR-214 inhibitor.

miR-214 Regulates Cell Pyroptosis

We used TUNEL staining to determine the potential 
role of miR-214 in the cell death of U87 and T98G cells. 
Cells transfected with the miR-214 mimic exacerbated 
cell death, which was reversed by the miR-214 inhibi-
tor (Fig. 4a and b). Moreover, we evaluated the effects 
of miR-214 on the mRNA transcript levels of IL-18 and 
IL-1b, which were the downstream targets of caspase 1, 
using real-time PCR assay. Cells transfected with the 
miR-214 mimic were found to significantly decrease 
the mRNA expression of IL-18 and IL-1b, which was 
recovered after transfection with the miR-214 inhibitor 
(Fig. 4c and d).

miR-214 Mediates Cell Proliferation and Migration 
Through Caspase 1

We attempted to clarify the possible mechanisms 
through which miR-214 regulates cell proliferation and 
migration in U87 (Fig. 5) and T98G (Fig. 6) cells. We 
found that cells transfected with the miR-214 inhibitor 
exhibited significantly increased proliferation and mobil-
ity and that these phenomena were reversed by trans-
fection with the miR-214 inhibitor + caspase 1 inhibitor 

Figure 1. Pyroptosis was activated in glioma tissues. (a) IL-1b and GFAP immunofluorescence staining of brain tissues in the nor-
mal and tumor groups. Relative mRNA (b) and protein levels (c) of caspase 1 in the normal and tumor groups. Scale bars: 20 µm. 
**p < 0.01.
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(Figs. 5a and e, and 6a and e). Immunofluorescence stain-
ing demonstrated increased caspase 1 expression in the 
miR-214 inhibitor group, which was corrected by trans-
fection with the miR-214 inhibitor + caspase 1 inhibitor 
(Figs. 5b and 6b). Protein levels of caspase 1 followed 
similar patterns (Figs. 5d and 6d). Consistently, TUNEL 
staining further confirmed that cell death was obviously 
alleviated when cells were transfected with the miR-214 
inhibitor + caspase 1 inhibitor compared with transfection 
with the miR-214 inhibitor (Figs. 5c and 6c). Considering 
the aforementioned, it is likely that miRNA-214 inhibits 
glioma cell proliferation and migration through regulat-
ing pyroptosis intermediated by caspase 1.

DISCUSSION
In the present study, we demonstrated that pyroptosis 

mediated by caspase 1 is activated in glioma tissues and 
T98G and U87 cells. Additionally, caspase 1 was iden-
tified as a direct target of miR-214, and it was demon-
strated that caspase 1 mRNA and protein expression are 
negatively regulated by miR-214 in T98G and U87 cells. 
Furthermore, inhibition of miR-214 suppressed glioma 
cell proliferation and migration, while downregulation of 
caspase 1 reversed this suppressive effect. Based on these 
data, it can be suggested that miRNA-214 inhibits cell 
proliferation and migration through regulating pyroptosis 
intermediated by caspase 1.

Figure 3. miR-214 affects glioma cell proliferation and migration. (a) The MTT assay in the U87 cell line. (b) The MTT assay in the 
T98G cell line. (c) The wound healing assay in the U87 cell line. (d) The wound healing assay in the T98G cell line. **p < 0.01.
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Pyroptosis is inflammatory cell death mediated by 
caspase 1. It was first described by Zychlinsky and col-
leagues in 1992, who observed that rapid lysis of mac-
rophages occurred after infection with Shigella flexneri19. 
Pyroptosis can be triggered by various pathological stim-
uli such as cancer, microbial infection, heart attack, or 
stroke20. Inflammosomes, large procaspase 1-activating 
multiprotein oligomers, are necessary for induction of 
pyroptosis and activation of the proinflammatory  cytokines  

IL-1b and IL-18. Increased inflammation caused by 
inflammasome formation creates a local environment 
that is favorable for tumorigenesis. Furthermore, mount-
ing evidence indicates that chronic inflammation plays an 
important role in carcinogenesis and tumor progression21,22 
by supplying important molecules to the tumor microen-
vironment, including growth factors and survival factors, 
which sustain proliferative signaling and favor angio-
genesis, invasion, and metastasis23. Additionally, factors 

Figure 4. Effect of miR-214 on glioma cell apoptosis and IL-18 and IL-1b expression. (a) TUNEL staining showing cell death in 
the mimic control, miR-214 mimic, inhibitor control, and miR-214 inhibitor groups (U87 cell line). (b) TUNEL staining showing cell 
death in the mimic control, miR-214 mimic, inhibitor control, and miR-214 inhibitor groups (T98G cell line). (c) The relative mRNA 
levels of IL-18 in the miR-214 mimic, mimic control, miR-214 inhibitor, and inhibitor control groups. (d) The relative mRNA levels of 
IL-1b in the miR-214 mimic, mimic control, miR-214 inhibitor, and inhibitor control groups. Scale bars: 20 µm. **p < 0.01.
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released by inflammatory cells may lead directly or indi-
rectly to marked suppression of the immune response, 
which has a potential role in tumor eradication. Moreover, 
inflammation manifestations are observed at the earliest 
stages of tumor progression and are capable of nurturing 
insipient neoplasias into fully developed cancers.

Several inflammatory cytokines have been implicated 
in the mediation of different steps in the pathway leading 
to carcinogenesis. Caspase 1 activates pro-IL-1b or pro-
IL-18 by proteolytic cleavage, which in turn promotes 
inflammation and regulates immune responses. IL-1b is 
an important proinflammatory cytokine that is released 
upon activation of inflammasomes, which have been 
associated with carcinogenesis and the maintenance of 
a tumorigenic microenvironment24,25, and it is known to 
contribute to tumor proliferation, angiogenesis, and local 
invasion26. In humans, an elevated level of IL-18 is corre-
lated with various types of cancer including ovarian carci-
noma, breast cancer, and melanoma27–29. In breast cancer 
tissue or serum, higher IL-1b levels were correlated with 
more aggressive disease progression and poor outcome30. 
Recent studies investigated IL-1b in melanomas and 
found that biopsies constitutively express activated cas-
pase 1 and secrete IL-1b leading to tumor progression31 
and that elevated levels of IL-1b influence recruitment 
of immune-suppressor cells to further reduce antitumor 
immune surveillance32. Recent studies also highlight the 
importance of the tumor microenvironment in glioma 
progression33,34. Thus, there is a possible strong interplay 
between pyroptosis and glioma progression.

miRNAs have been recognized either as tumor sup-
pressors or as oncogenes35. Recently, downregulation of 
miR-214 has been observed in various cancers, includ-
ing colon cancer, bladder cancer, and colorectal cancer. 
However, it has been reported that miR-214 is upregu-
lated in lung adenocarcinoma, breast cancer, nasopha-
ryngeal carcinoma, and melanoma. Therefore, previous 
studies suggest that the role of miR-214 in human cancers 
may be tumor type specific, and the main target genes of 
miR-214 may be responsible for its diverse function.

Results showed that miR-214 was strongly down-
regulated in glioma tissues, conforming with previous 
studies. In the present study, the expression of caspase 1 
in glioma tissues was found to be upregulated in com-
parison with normal tissues, which is the first obser-
vation of caspase 1 in glioma cells to our knowledge. 
Further results suggest that pyroptosis mediated by 
caspase 1 is involved in the regulation of glioma cell 
proliferation and migration. Although the current study 
verified caspase 1 as a direct target of miR-214, other 
targets of miR-214 also occur, and further investigation 
is required.

In summary, this study has demonstrated that pyropto-
sis occurs in the pathogenesis of glioma and identifies 

caspase 1 as a potential target for the clinical treatment of 
gliomas. Additionally, these findings provide insight into 
the regulatory role of caspase 1 activation. Future studies 
are needed to define the specific pathways and factors 
that induce pyroptosis during the pathogenesis and devel-
opment of glioma in vivo.
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