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Abstract  
Transient receptor potential melastatin 2 (TRPM2) is an important ion channel that represents a potential target for treating injury caused 
by cerebral ischemia. However, it is unclear whether reducing TRPM2 expression can help repair cerebral injury, and if so what the mech-
anism underlying this process involves. This study investigated the protective effect of reducing TRPM2 expression on pheochromocytoma 
(PC12) cells injured by oxygen-glucose deprivation (OGD). PC12 cells were transfected with plasmid encoding TRPM2 shRNAS, then 
subjected to OGD by incubation in glucose-free medium under hypoxic conditions for 8 hours, after which the cells were allowed to reox-
ygenate for 24 hours. Apoptotic cells, mitochondrial membrane potentials, reactive oxygen species levels, and cellular calcium levels were 
detected using flow cytometry. The relative expression of C-X-C motif chemokine ligand 2 (CXCL2), NACHT, LRR, and PYD domain–
containing protein 3 (NALP3), and caspase-1 were detected using fluorescence-based quantitative reverse transcription-polymerase chain 
reaction and western blotting. The rates of apoptosis, mitochondrial membrane potentials, reactive oxygen species levels, and cellular cal-
cium levels in the TRPM2-shRNA + OGD group were lower than those observed in the OGD group. Taken together, these results suggest 
that TRPM2 knockdown reduces OGD-induced neuronal injury, potentially by inhibiting apoptosis and reducing oxidative stress levels, 
mitochondrial membrane potentials, intracellular calcium concentrations, and NLRP3 inflammasome activation.
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Graphical Abstract   

Transient receptor potential melastatin 2 (TRPM2) knockdown reduces oxygen-glucose deprivation-
induced neuronal apoptosis, oxidative stress, and mitochondrial impairment possibly through reducing 
NLRP3 inflammasome activation
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Introduction 
Cerebral ischemic injury is a sudden interruption of cere-
bral circulation caused by a variety of internal and external 
causes that result in insufficient or even absent blood supply 
(Kunz and Iadecola, 2009). Local blood and oxygen content 
decreased rapidly, which leads to cerebral ischemia and 
hypoxia (Zhao et al., 2017). Pathological changes caused by 
ischemic injury include calcium overloading, energy imbal-
ance, release of glutamic acid, carbon monoxide poisoning, 
lipid peroxidation, oxygen free radical damage, and inflam-
mation (Marin and Carmichael, 2018). When ischemia 
occurs, many neurons, especially those in the hippocampus 
and striatum, are damaged, which seriously affects the basic 
functions of the brain (Nguyen et al., 2018). As neurons do 
not have energy reserves, they tend to die when deprived of 
glucose and oxygen for a prolonged period.

Transient receptor potential melastatin (TRPM) ion chan-
nels constitute the largest transient receptor potential (TRP) 
subfamily, and are involved in many physiological processes 
(Kamm and Siemens, 2017). Transient receptor potential 
melastatin 2 (TRPM2), a member of the TRPM subfamily, is 
a non-selective cation channel that is extensively expressed 
on cell membranes (Aminzadeh et al., 2018). TRPM2 is an 
oxidative stress effector and can be activated by reactive 
oxygen species (ROS) (Xia et al., 2019). TRPM2 is the most 
abundant TRP channel in the brain and is sensitive to oxi-
dative stress, which suggests that it could be an important 
therapeutic target for neurodegenerative diseases (Jiang et 
al., 2017; Mortadza et al., 2017; Belrose and Jackson, 2018). 
Intracellular calcium levels drive TRPM2 activity, which 
also depends on the presence of extracellular hydrogen per-
oxide (Wehage et al., 2002; McHugh et al., 2003). TRPM2 
is responsible for the non-painful warmth sensitivity of 
somatosensory neurons (Tan and McNaughton, 2016). Ad-
ditionally, TRPM2 is thought to act as a hypothalamic tem-
perature sensor (Song et al., 2016). Other TRPM subfamily 
members, such as TRPM4, have been reported to play roles 
in ischemic stroke (Loh et al., 2014). However, the effects of 
directly reducing TRPM2 expression levels on cellular activ-
ity and downstream inflammatory reactions have not been 
fully investigated.

TRPM2 has been proposed as a treatment target for ce-
rebral ischemic injury (Akpinar et al., 2016; Shimizu et al., 
2016; Huang et al., 2017). However, it is unknown whether 
reducing TRPM2 expression could help repair cerebral in-
jury, and if so what the mechanism underlying this process 
involves. In this study, hippocampal pheochromocytoma 
(PC12) cells were subjected to oxygen-glucose deprivation 
(OGD), and the effects of reducing TRPM2 expression on 
apoptosis, mitochondrial membrane potentials, ROS levels, 
cellular calcium levels, and inflammasome expression were 
investigated. The in vitro OGD model used in this study is 
useful for studying cerebral ischemic injury, as it is simple to 
grow, low-cost, and only requires a short experimental peri-
od. TRPM2 is expressed in neurons, as well as in glial cells, 
which regulate synaptic plasticity and cell survival in the hip-
pocampus (Naziroglu et al., 2012). TRPM2 also participates 

in neuronal development and can inhibit neuronal growth. 
The physiological activation of microglia following exposure 
to ROS or treatment with LPS promotes nitric oxide produc-
tion (Yamamoto et al., 2008; Haraguchi et al., 2012).
  
Materials and Methods
Cell lines
P C 1 2  c e l l s  we re  pu rchas e d  f rom  B e i na  Bi o l o g y 
(BNCC337644, Beina Biotech, Beijing, China) and cultured 
in RPMI1640 (KeyGENBioTECH, Nanjing, China) with 
10% fetal bovine serum (Biological Industries, Beijing, Chi-
na) in 5% CO2 at 37°C, as previously described (Wang et 
al., 2011). Cells were grown to 60% confluence for used in 
experiments.

Construction of TRPM2 shRNAs
Three pairs of shRNA primers were designed based on the 
TRPM2 gene sequence (Table 1). The sequences of PCR 
products were encoded in lentiviruses. PC12 cells were trans-
fected with lentiviruses encoding the TRPM2-shRNAs using 
Lipofectamine®2000 (Invitrogen, Shanghai, China) for a final 
TRPM2-shRNA concentration of 1 × 106 IFU/PFU/mL. At 6 
hours after transfection, the medium was replaced with fresh 
RPMI1640 containing 10% fetal bovine serum, and the cells 
were cultured for an additional 24 hours. TRPM2 expression 
was determined by quantitative reverse transcription-poly-
merase chain reaction (qRT-PCR) and western blotting.

Experimental groups
The cells were seeded into 24-well plates at a concentration 
of 3 × 105/mL. After the cells had completely adhered to the 

Table 1 Sequences of TRPM2-shRNAs

Primers Sequence (5′–3′) Product size (bp)

sh-TRPM2-F1 GAT CCG CAC TCT GCA TAC 
CAT CTA CAC TTC CTG 

65

TCA GAT GTA GAT GGT ATG 
CAG AGT GCT TTT TG

sh-TRPM2-R1 AAT TCA AAA AGC ACT CTG 
CAT ACC ATC TAC ATC 

65

TGA CAG GAA GTG TAG ATG 
GTA TGC AGA GTG CG

sh-TRPM2-F2 GAT CCG CGG ATG AGT TTG 
AGC ATA GAC TTC CTG 

65

TCA GAT CTA TGC TCA AAC 
TCA TCC GCT TTT TG

sh-TRPM2-R2 AAT TCA AAA AGC GGA TGA 
GTT TGA GCA TAG ATC 

65

TGA CAG GAA GTC TAT GCT 
CAA ACT CAT CCG CG

sh-TRPM2-F3 GAT CCG GTC GTG AAG TTG 
CCT CAA TCC TTC CTG 

65

TCA GAG ATA TTC ATG TCA 
AGA CCA GCT TTT TG

sh-TRPM2-R3 AAT TCA AAA AGG TCG TGA 
AGT TGC CTC AAT CTC 

65

TGA CAG GAA GGA TTG AGG 
CAA CTT CAC GAC CG

F: Forward; R: reverse; TRPM2: transient receptor potential melastatin 2.
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wells, the growth medium for the OGD group was replaced 
with low-glucose medium, and the cells were incubated in 
a three-gas incubator (5% CO2, 1% O2 and 94% N2) for 24 
hours. The cells were divided into six groups (n = 6): the 
control group, the shRNA-NC group (vector control), the 
TRPM2-shRNA group, the OGD group, the shRNA-NC + 
OGD group, and the TRPM2-shRNA + OGD group. When 
the cells reached 60% confluence, they were transfected with 
1 μL/mL TRPM2-shRNA or control shRNA (Shanghai Ge-
nePharma Co., Ltd., Shanghai, China) using Lipofectamine® 

2000 (Shanghai Jima Industrial Co., Ltd., Shanghai, China). 
At 24 hours after transfection, the PC12 cells were subjected 
to OGD (incubation in glucose-free medium under hypox-
ic conditions for 8 hours, followed by reoxygenation for 
24 hours), as previously described (Singh et al., 2009). The 
control group did not receive any treatment. The cells in the 
shRNA-NC group were transfected with the control shRNA. 
The cells in the shRNA-NC + OGD and TRPM2-shRNA + 
OGD groups were subjected to OGD.

Fluorescence-based qRT-PCR
RNA was extracted using a Trizol kit (CW0580S, CWBIO, 
China), and cDNA was synthesized using a reverse tran-
scription kit (Dalian Baosheng, Dalian, China) according 
to the manufacturer’s instructions. Using the cDNA as 
template, the expression of C-X-C motif chemokine ligand 2 
(CXCL2), NACHT, LRR, and PYD domain–containing protein 
3 (NALP3), and caspase-1 was detected by fluorescence-based 
qRT-PCR, and normalized to β-actin expression (Livak and 
Schmittgen, 2001). The primers used for this experiment are 
listed in Table 2. The reaction mix included 9.5 μL RNase-
free dH2O, 2 μL primers, 1 μL cDNA, and 12.5 μL 2× qPCR 
mixture. The qRT-PCR program was as follows: 95 °C dena-
turation for 10 seconds, 58°C annealing for 30 seconds, and 
72°C extension for 60 seconds for 40 cycles. The 2–ΔΔCt meth-
od was used to quantify the relative expression of target genes 
(Livak and Schmittgen, 2001; Zhu et al., 2015).

western blot assay
Total protein was isolated by adding proteolysis solution to 

each group of cells and incubating at 4°C for 30 minutes. 
After centrifugation at 1000 r/min for 10 minutes, the super-
natant was collected. Protein samples were heated at 100°C 
for 10 minutes, and the protein concentration was quantified 
using a BCA protein assay kit (Beyotime Institute of Bio-
technology, Shanghai, China). For each group, 25 μg protein 
was subjected to sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (8%), and then transferred to a nitrocellulose 
membrane, as previously described (Song et al., 2019). The 
nitrocellulose membrane was blocked with 5% nonfat milk. 
The membrane was then incubated with primary antibodies 
at 4°C overnight: mouse anti-β-actin mAb (reference, 1:1000, 
TA-09; ZSbio, Beijing, China), rabbit anti-TRPM2 polyclonal 
antibody (ion channel, 1:1000, DF7533; Affinity, Cincinnati, 
OH, USA), rabbit anti-NLRP3 polyclonal antibody (NLRP3 
inflammasome subunit, 1:1000, AF4620; Affinity, Cincinna-
ti, OH, USA), rabbit anti-caspase-1 mAb (NLRP3 inflam-
masome subunit, 1:1000, #2225, CST; Abcam, Danvers, MA, 
USA), and CXCL2 (C-X-C motif chemokine ligand 2, 1:1000, 
ab9777; Abcam). After washing, the membrane was incubated 
with an anti-rabbit IgG horseradish peroxidase-conjugated 
secondary antibody (1:100; ab131368; Abcam) or an an-
ti-mouse IgG horseradish peroxidase-conjugated secondary 
antibody (1:100; ab131368; Abcam) for 2 hours at room tem-
perature. The protein expression levels were calculated using 
ImageJ software (v1.50d, NIH, Bethesda, MD, USA). The tar-
get protein expression was normalized to β-actin expression 
based on grayscale analysis. The TRPM2 antibody was used to 
verify gene knockdown and assess protein expression in the 
experimental samples; the other antibodies were only used to 
assess protein expression in the experimental samples.

Apoptosis assessment
At 24 hours after OGD injury, PC12 cells were collected by 
trypsin digestion (Gibco; Thermo Fisher Scientific, Waltham, 
MA, USA). The collected cells were incubated with Annexin 
V-fluorescein isothiocyanate and propidium iodide (Be-
yotime Institute of Biotechnology, Ningbo, China) for 30 
minutes in the dark. The rate of apoptosis was then detected 
using a flow cytometer (BD Biosciences, Franklin Lakes, NJ, 
USA), within 1 hour of the incubation step. The number of 
Annexin V+/propidium iodide– cells was calculated to deter-
mine the rate of apoptosis.

Measurement of mitochondrial membrane potential
At 24 hours after OGD injury, the PC12 cells were col-
lected. The cells were treated with 5 µL 5,5′,6,6′-tetra-
chloro-1,1′,3,3′-tetraethylbenzimidazolylcarbocyanine iodide 
(JC-1; Beyotime Institute of Biotechnology, Ningbo, China) 
at 37°C for 15 minutes. JC-1 exhibits potential-dependent 
accumulation in mitochondria, indicated by a fluorescence 
emission shift from green (529 nm) to red (590 nm). Con-
sequently, mitochondrial depolarization is indicated by a 
decrease in the red/green fluorescence intensity ratio. Mito-
chondrial membrane potential, as determined by the num-
ber of green cells, was detected within 1 hour of the incuba-
tion step.

Table 2 Sequences of the primers

Genes Primer sequence (5′–3′)
Product 
size (bp)

CXCL2 Forward: ACA TCC AGA GCT TGA CGG 
TG

251

Reverse: CAG GTA CGA TCC AGG CTT CC
NLRP3 Forward: CTC TGC ATG CCG TAT CTG GT 84

Reverse: ATG TCC TGA GCC ATG GAA GC
Caspase-1 Forward: GAC CGA GTG GTT CCC TCA 

AG
108

Reverse: GAC GTG TAC GAG TGG GTG TT
TRPM2 Forward: GTT ACC TTC ACC ATT GAC 

CCA G
261

Reverse: GGC TCT TTC CTC ATC CTT TCT
β-Actin Forward: GAC CCT GAA GTA CCC CAT TG

Reverse: GGT CAT CTT TTC ACG GTT GG 166
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ROS measurement
At 24 hours after OGD injury, the PC12 cells were collected 
and treated with 10 μM dichloro-dihydro-fluorescein diace-
tate (DCFH-DA) at 37°C for 15 minutes (Beyotime Institute 
of Biotechnology, Ningbo, China). Cellular ROS was detect-
ed within 1 hour of treatment by flow cytometry according 
to the kit’s instructions (DCFH-DA assay kit, Thermo Fisher 
Scientific). The fluorescence values (absorbance units) repre-
sented the ROS levels.

Cellular calcium level measurement
At 24 hours after OGD injury, the PC12 cells were collected. 
BBcellProbeTMF3 dye (Beyotime Institute of Biotechnology, 
Ningbo, China) was diluted 2000-fold in GIBCO® Hank’s 
Balanced Salt Solution (Gibco; Thermo Fisher Scientific) 
to generate a working solution. The working solution was 
added to the cells, which were then incubated at 37°C for 
20 minutes. Next, the cells were incubated with a 5-fold vol-
ume of Hank’s Balanced Salt Solution containing 1% fetal 
bovine serum for an additional 40 minutes. Then, the cells 
were suspended in Hank’s Balanced Salt Solution, incubated 
at 37°C for 10 minutes, and analyzed using flow cytometry. 
The fluorescence values (absorbance units) detected by flow 
cytometry represented the cellular calcium levels.

Statistical analysis
All data are presented as the mean ± SD. The differences 
among the six groups were determined by one-way analysis 
of variance followed by the Student-Newman-Keuls post hoc 
test using SPSS software, version 17.0 (SPSS, Inc., Chicago, 
IL, USA). P < 0.05 was considered statistically significant.

Results
TRPM2-shRNA-1 reduces TRPM2 expression in PC12 cells
TRPM2 mRNA expression in the TRPM2-shRNA-1 group 
was significantly lower than that in the control and shR-
NA-NC groups (Figure 1). TRPM2 protein expression in 
the OGD, shRNA-NC + OGD, and TRPM2-shRNA + OGD 
groups was lower than that in the shRNA-NC group (P < 
0.05), and the effect was strongest when TRPM2-shRNA-1 
was used (approximately 50% reduction in TRPM2 protein 
expression). Thus, TRPM2-shRNA-1 was selected for use in 
the following experiments. 

TRPM2-shRNA-1 reduces OGD-induced apoptosis in 
PC12 cells
The rate of apoptosis was determined by flow cytometric 
analysis of annexin V and PI fluorescence. Compared with 
the control group (3.03%), the rate of apoptosis was sig-
nificantly higher in the OGD (21.5%) and sh-NC + OGD 
groups (26.8%; Figure 2). Compared with the sh-NC + 
OGD group, the rate of apoptosis was significantly lower in 
the TRPM2-shRNA + OGD group (16.4%; P < 0.05).

TRPM2-shRNA-1 reduces OGD-induced impairment of 
mitochondrial membrane potential
Mitochondrial membrane potential was determined by flow 

cytometric analysis of JC-1 fluorescence. Compared with 
the control group (10.7%), the mitochondrial membrane 
potential (as determined by the number of green cells) was 
significantly higher in the OGD (40.7%) and sh-NC + OGD 
groups (39.2%; Figure 3). Compared with the sh-NC + OGD 
group, the mitochondrial membrane potential was signifi-
cantly lower in the TRPM2-shRNA + OGD group (30.8%, P 
< 0.05).

TRPM2-shRNA-1 reduces OGD-induced ROS production
ROS levels were determined by flow cytometric analysis of 
DCFH-DA fluorescence. The ROS production in the OGD 
and sh-NC + OGD groups was higher than that in the con-
trol group (by approximately 5-fold; Figure 4). The ROS 
production in the TRPM2-shRNA + OGD group was lower 
than that in the sh-NC + OGD group (an approximately 24% 
decrease; P < 0.05).

TRPM2-shRNA-1 reduces OGD-induced cellular calcium 
levels
Cellular calcium levels were determined by flow cytometric 
analysis of BBcellProbeTMF3 fluorescence. Compared with 
the control group, cellular calcium levels were significantly 
higher in the OGD and sh-NC + OGD groups (an approx-
imately 30% increase; Figure 5). Compared with the OGD 
group, cellular calcium levels were lower in the TRPM2-shR-
NA + OGD group than those in the sh-NC + OGD group 
(an approximately 19% reduction; P < 0.05). TRPM2-shRNA 
also reduced the basal calcium level compared with sh-NC 
(an approximately 40% reduction; P < 0.05).

TRPM2-shRNA-1 reduces OGD-induced expression of 
CXCL2, NLRP3, and caspase-1
Expression of CXCL2, NLRP3, and caspase-1 at both the 
mRNA and the protein level was evaluated. The expressions 
of CXCL2, NLRP3, and caspase-1 at the mRNA and the pro-
tein level were higher in the OGD and sh-NC + OGD groups 
than in the control group (Figure 6). The expressions of 
CXCL2, NLRP3, and caspase-1 at the mRNA and the protein 
level were significantly lower in the TRPM2-shRNA + OGD 
group than in the OGD group (P < 0.05). Compared with 
sh-NC, TRPM2-shRNA also significantly reduced CXCL2, 
NLRP3, and caspase-1 expression in cells that were not sub-
jected to OGD (P < 0.05).

Discussion
The results from this study show that TRPM2 knockdown 
reduced OGD-induced neuronal injury, decreased the rate 
of apoptosis, reduced oxidative stress, and ameliorated mito-
chondrial impairment. We also showed that TRPM2 knock-
down reduced OGD-induced expression of the NLRP3 in-
flammatory complex and CXCL2.

In the present study, the effect of TRPM2 knockdown on 
PC12 cells was investigated. TRPM2 knockdown was veri-
fied by fluorescence-based qRT-PCR and western blotting. 
TRPM2-shRNA-1 was selected for use in the majority of the 
experiments described here because it induced a greater level 



2158

Pan T, Zhu QJ, Xu LX, Ding X, Li JQ, Sun B, Hua J, Feng X (2020) Knocking down TRPM2 expression reduces cell injury and NLRP3 inflammasome 
activation in PC12 cells subjected to oxygen-glucose deprivation. Neural Regen Res 15(11):2154-2161. doi:10.4103/1673-5374.282271

Figure 1 Verification of TRMP2 knockdown efficiency. 
(A) TRPM2 mRNA expression (fluorescence-based quantitative reverse transplantation-polymerase chain reaction). (B) TRPM2 protein expres-
sion. TRPM2 expression was normalized to β-actin expression based on grayscale analysis. Data are expressed as the mean ± standard deviation (SD) 
(n = 6; one-way analysis of variance followed by Student-Newman-Keuls post hoc test). *P < 0.05, vs. shRNA-NC group. NC: Normal control; OGD: 
oxygen-glucose deprivation; PC12: pheochromocytoma; TRPM2: transient receptor potential melastatin 2. 

Figure 2 TRPM2-shRNA-1 
reduces OGD-induced 
apoptosis in PC12 cells. 
Representative flow cytometry 
images are shown on the left; 
Right: quantitative data. Data 
are expressed as the mean ± 
standard deviation (SD) (n = 
6; one-way analysis of variance 
followed by Student-New-
man-Keuls post hoc test). *P 
< 0.05, vs. shRNA-NC group; 
#P < 0.05, vs. shRNA-NC + 
O GD group.  NC:  Normal 
control; OGD: oxygen-glucose 
deprivation; PC12: pheochro-
mocytoma; TRPM2: transient 
receptor potential melastatin 2. 
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Figure 3 TRPM2-shRNA-1 
reduces OGD-induced 
impairment of mitochondrial 
membrane potential.
(A) Representative flow cytom-
etry images. (B) Quantitative 
data based on cells exhibiting 
JC-1 green florescence. Data 
are expressed as the mean ± 
standard deviation (SD) (n = 
6; one-way analysis of variance 
followed by Student-New-
man-Keuls post hoc test). *P 
< 0.05, vs. shRNA-NC group; 
#P < 0.05, vs. shRNA-NC + 
O GD group.  NC:  Normal 
control; OGD: oxygen-glucose 
deprivation; TRPM2: transient 
receptor potential melastatin 2. 

of knockdown compared with the other two shRNAs tested.
Under normal physiological conditions, ROS is produced 

at low levels and regulates signal transduction and metab-
olism, as well as neuronal synaptic transmission (Cadenas, 
2018). However, during ischemia and in the post-ischemia 
reperfusion phase, large amounts of ROS are produced, 
which can directly attack intracellular proteins and li-
posomes and indirectly modulate intracellular signaling 

pathways (Pisarenko et al., 2015). The mitochondria are 
important sources of ROS during ischemia and reperfusion. 
Intracellular calcium overloading and other stimuli can im-
pair mitochondrial function and results in the production of 
large amounts of ROS (Cao et al., 2011). Mitochondrial ROS 
also elicit mitochondrial cytochrome c release, thereby pro-
moting apoptosis (Zhu et al., 2010). 

Neuronal damage, as recapitulated in the OGD model, 
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Figure 4 TRPM2-shRNA-1 reduces OGD-induced ROS production.
Data are expressed as the mean ± standard deviation (SD) (n = 6; one-
way analysis of variance followed by Student-Newman-Keuls post hoc 
test). *P < 0.05, vs. shRNA-NC group; #P < 0.05, vs. shRNA-NC + OGD 
group. NC: Normal control; OGD: oxygen-glucose deprivation; ROS: 
reactive oxygen species; TRPM2: transient receptor potential melastatin 
2.

Figure 5 TRPM2-shRNA-1 reduces OGD-induced cellular calcium 
level.
Data are expressed as the mean ± standard deviation (SD) (n = 6; one-
way analysis of variance followed by Student-Newman-Keuls post hoc 
test). *P < 0.05, vs. shRNA-NC group; #P < 0.05, vs. shRNA-NC + 
OGD group. NC: Normal control; OGD: oxygen-glucose deprivation; 
TRPM2: transient receptor potential melastatin 2.

Figure 6 TRPM2-shRNA-1 reduces 
OGD-induced expression of NLRP3, 
CXCL2, and caspase-1.
(A) NLRP3 (NLRP3/β-actin), CXCL2 
(CXCL2/β-ac t in) ,  and caspase-1 
(caspase-1/β-actin) mRNA expression 
(as determined by fluorescence-based 
quantitative reverse transcription-poly-
merase chain reaction). (B) NLRP3, 
CXCL2, and caspase-1 protein expres-
sion (as determined by western blot-
ting). Data are expressed as the mean ± 
standard deviation (SD) (n = 6; one-way 
analysis of variance followed by Stu-
dent-Newman-Keuls post hoc test). *P 
< 0.05, vs. shRNA-NC group; #P < 0.05, 
vs. shRNA-NC + OGD group. CXCL2: 
chemokine ligand-2; NC: normal con-
trol; NLRP3: NACHT, LRR and PYD 
domains-containing protein 3; OGD: 
oxygen-glucose deprivation; TRPM2: 
transient receptor potential melastatin 2.

can activate calcium activity, which leads to the activation 
of membrane receptors (Tanaka et al., 2009). ROS activates 
TRPM2 channels, which mediate oxidative stress-induced 
membrane depolarization, increasing cell membrane con-
ductance and cellular calcium levels (Verma et al., 2012). 
Miller et al. (2014) showed that cardiac cell death is associ-
ated with TRPM2 activation. TRPM2 may also represent a 
link between calcium- and ROS-dependent signaling path-
ways (Hara et al., 2002). TRPM2 inhibition reduces infarct 
volume and neuronal apoptosis (Luo et al., 2018). Jia et al. 
(2011) found that TRPM2 inhibition can reduce damage 
to CA1 neurons in the hippocampus of male mice, which 
suggests that TRPM2 inhibitors could be used as neuro-
protective agents to protect against ischemic injury. In our 
study we found that OGD increased the rate of apoptosis, 
mitochondrial membrane potentials, cellular ROS levels, 

and calcium levels, and that these effects were mitigated by 
TRPM2 knockdown. These results suggest that OGD can 
promote ROS production, activate calcium signaling, and 
induce apoptosis in PC12 cells. Inhibiting TRPM2 expres-
sion decreased calcium channel activation and reduced ROS 
production, ultimately protecting PC12 cells from apoptosis.

NLRP3 is a member of the NOD-like family of intracy-
toplasmic pattern recognition receptors. Upon activation 
NLRP3, inactive caspase-1 is recruited by adaptor protein 
apoptosis–associated speck-like protein to form the NLRP3 
inflammatory complex. This complex induces cleavage of the 
precursor of caspase-1, generating the active molecule. In 
this study, we assessed total caspase-1 levels to determine the 
level of NLRP3 inflammasome activity. Caspase-1 can cleave 
the interleukin-18 and interleukin-1β precursors into their 
active forms, which are then incorporated into the classical 
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NLRP3 inflammatory complex (Wen et al., 2011). NLRP3 
expression increases during the onset of myocardial infarc-
tion, and the inflammatory complex is involved in the devel-
opment of infarction injury (Tschopp and Schroder, 2010). 
The NLRP3 inflammatory complex also plays important 
roles in hepatic ischemic injury (Kim et al., 2014).

CXCL2 is an inflammatory chemokine, and its corre-
sponding receptor CXC chemokine receptor 2 (CXCR2) 
is mainly expressed on the surface of inflammatory cells 
(Deftu et al., 2017). CXCL2 binding to the CXCR2 receptor 
promotes inflammation and aggravates cerebral ischemia. 
CXCL2 and CXCR2 expression increase after cerebral isch-
emia. CXCL2 binding to CXCR2 enhances its expression, 
and induces neutrophils, natural killer cells, dendritic cells, 
and other inflammatory cells to migrate to and aggregate 
at sites of ischemic injury (Boro and Balaji, 2017). There-
fore, the inflammatory response is aggravated in injured 
areas (Boro and Balaji, 2017). When TRPM2 expression is 
down-regulated, CXCL2 expression is significantly reduced, 
which suggests that TRPM2 regulates CXCL2 expression 
(Gershkovitz et al., 2019). TRPM2 is required for ROS-in-
duced CXCL2 expression in monocytes (Knowles et al., 
2013). Here we showed that NLRP3, caspase-1, and CXCL2 
increased expression increased when cells were subjected 
to OGD, and that these effects were mitigated by TRPM2 
knockdown. These results suggest that OGD activates the 
NLRP3 inflammatory complex and increases CXCL2 ex-
pression. Interestingly, TRPM2 knockdown also appeared to 
affect cellular calcium levels and the expression of CXCL2, 
NLRP3, and caspase-1, but not apoptosis or ROS levels in 
cells that were not subjected to OGD. These results suggest 
that TRPM2 knockdown reduces calcium level and inhibits 
NLRP3 activity under both physiological and pathological 
conditions. TRPM2 knockdown did not affect basal levels of 
apoptosis, ROS production, and mitochondrial membrane 
polarization; however, the low levels of these processes un-
der physiological conditions may have masked the effects of 
TRPM2 knockdown.

There were some limitations to this study. First, the ex-
act mechanisms underlying the effects observed here were 
not investigated in detail. Although TRPM2 knockdown 
reduced the effects of OGD-induced neuronal injury, includ-
ing increased apoptosis, oxidative stress, and mitochondrial 
impairment, it had less of an effect on NLRP3 inflammatory 
complex activity and CXCL2 expression. Second, the effects 
of TRPM2 knockdown were not assessed in vivo; an animal 
model of ischemic stroke should be used to explore this in 
the future.

In conclusion, TRPM2 knockdown reduces OGD-induced 
neuronal apoptosis, oxidative stress, and mitochondrial 
impairment, possibly by reducing NLRP3 inflammasome 
activation.
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Corrigendum: A rapid absorbance-based growth assay to screen the 
toxicity of oligomer Aβ42 and protect against cell death in yeast
doi:10.4103/1673-5374.282273
In the article titled “A rapid absorbance-based growth assay to 
screen the toxicity of oligomer Aβ42 and protect against cell death in 
yeast”, published on pages 1931–1936, Issue 10, Volume 15 of Neural 
Regeneration Research (Bharadwaj and Martins, 2020), there is an error 
in the title. It should read: A rapid absorbance-based growth assay to 
screen the toxicity of oligomer Aβ42 and protection against cell death in 
yeast.

The online version of the original article can be found under 
doi:10.4103/1673-5374.280318.
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