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Knock-down of microRNA miR-556-5p increases cisplatin-sensitivity in non-small 
cell lung cancer (NSCLC) via activating NLR family pyrin domain containing 3 
(NLRP3)-mediated pyroptotic cell death
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ABSTRACT
MicroRNAs (miRNAs) are small non-coding RNAs that are closely associated with cancer progres-
sion and drug resistance, however, up until now, the involvement of miR-556-5p in regulating 
cisplatin-sensitivity in non-small cell lung cancer (NSCLC) has not been studied. In the present 
study, we found that miR-556-5p was significantly upregulated in the cisplatin-resistant NSCLC 
(CR-NSCLC) patients’ tissues and cells, instead of the corresponding cisplatin-sensitive NSCLC (CS- 
NSCLC) tissues and cells. Further experiments validated that knock-down of miR-556-5p sup-
pressed cell viability and tumorigenesis, and induced cell apoptosis in the cisplatin-treated CR- 
NSCLC cells, and conversely, upregulation of miR-556-5p increased cisplatin-resistance in CS- 
NSCLC cells. Interestingly, miR-556-5p ablation triggered pyroptotic cell death in cisplatin- 
treated CR-NSCLC cells via upregulating NLRP3, and the promoting effects of miR-556-5p silence 
on cisplatin-sensitivity in CR-NSCLC cells were abrogated by both cell pyroptosis inhibitor NSA 
and NLRP3 downregulation. Taken together, this study firstly evidenced that induction of NLRP3- 
mediated cell pyroptosis by miR-556-5p downregulation was effective to increase cisplatin- 
sensitivity in NSCLC, which provided new therapy strategies to overcome chemo-resistance for 
NSCLC patients in clinic.
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Background

Non-small cell lung cancer (NSCLC) is the most 
common subtype of lung-associated malignancy 
worldwide [1,2], which brings huge health burden 
for human beings. The traditional therapy treat-
ments for NSCLC include surgical resection, 
radiotherapy, chemotherapy, immunotherapy, 
and so on [3,4]. However, the therapeutic efficacy 
of the above therapies is seriously limited by their 
inevitable shortcomings [3,4], and although great 
advances have been reached in the development of 
novel treatment strategies, there is still no effective 
therapies for the treatment of metastatic NSCLC. 
As for the most commonly used chemotherapies, 
the chemical drugs were effective to kill NSCLC 
cells at the beginning. Unfortunately, as the results 
of the generation of drug-resistance under long- 
term cisplatin treatment, the initial chemo- 

sensitive NSCLC cells become resistant to those 
drugs, which makes them ineffective to kill cispla-
tin-resistant NSCLC cells [5–8]. The underlying 
mechanisms are very complicated, and previous 
publications hint that cancer stem cells (CSCs) 
properties [7,9,10] and cell autophagy [5,11,12] 
may be crucial for this process. Among all the 
chemical drug, cisplatin (DDP) is commonly 
used for NSCLC treatment, and cisplatin- 
resistance is also a unbridgeable obstacle which 
makes this drug ineffective [13–15], and investiga-
tions in this issue become urgent and necessary.

Currently, researchers focus on uncovering the 
underlying mechanisms by which NSCLC cells 
generate resistance to cisplatin, and a large variety 
of cancer-related genes are identified to regulate 
cisplatin-resistance [14,16,17]. Those genes, 
including oncogenes and tumor suppressors, play 
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important roles in regulating cancer progression 
and drug resistance in NSCLC [14,16,17]. 
Especially, various NSCLC-related microRNAs 
(miRNAs) with post-transcriptional activities are 
recently identified to modulate cisplatin-resistance 
[18–22]. For example, Hong et al. verify that let-7 
miRNA regulate cell stemness and immune eva-
sion to influence cisplatin-resistance in NSCLC 
[16], and Wu et al. report the involvement of 
miR-193a in regulating cisplatin-resistance [15]. 
Among all the miRNAs, the role of miR-556-5p 
in regulating cancer progression varies according 
to cancer types, which acts as an oncogene to 
promote cancer development in prostate cancer 
[23], while Zhou et al. [24] and Zhang et al. [25] 
report that upregulation of miR-556-5p suppresses 
triple-negative breast cancer and meningioma pro-
gression. Nevertheless, up until now, the involve-
ment of miR-556-5p in regulating drug resistance 
in NSCLC has not been studied.

According to the published literatures, various types 
of cell death, including cell apoptosis [26–28], necrop-
tosis [29,30], ferroptosis [31,32], and pyroptosis [33– 
35], involve in regulating cisplatin-resistance in cancers. 
Especially, cell apoptosis [26–28] and pyroptosis [33– 
35] are two types of programmed cell death that parti-
cipate in the regulation of cisplatin-resistance in 
NSCLC, and researchers notice that there exist inter-
plays between apoptotic and pyroptotic cell death 
[36,37]. In addition, the apoptotic [38,39] and pyropto-
tic [40,41] processes can be controlled by miRNAs, and 
researchers find that miR-556-5p affects cell apoptosis 
in meningioma [25] and cholangiocarcinoma [42], and 
Yu et al. evidence that upregulation of miR-556-5p 
inactivates NLRP3-mediated cell pyroptosis to amelio-
rate ovalbumin (OVA)-induced allergic rhinitis 
(AR) [43].

Collectively, the aims of this study were to 
investigate the role and underlying mechanisms 
of the miR-556-3p/NLRP3 axis mediated cell pyr-
optosis in regulating cisplatin-sensitivity in 
NSCLC, and this work will provide potential stra-
tegies to improve cisplatin-sensitivity in NSCLC.

Materials and methods
Collection and analysis of the clinical specimens

The Ethics Committee Affiliated to Harbin Medical 
University Cancer Hospital approved our clinical 

experiments, and all the participants signed the 
informed consent forms. The total cohort of NSCLC 
patients (N = 47) were recruited in Harbin Medical 
University Cancer Hospital during 2015–2019, and 
their cancer tissues were collected by surgical resection, 
which were immediately stored at −80 °C conditions for 
further utilization. According to their therapy history, 
those specimens were divided into two groups with or 
without cisplatin treatment, and the patients (N = 27) 
with cisplatin treatment history were considered as 
cisplatin-resistant, whereas patients (N = 20) without 
chemotherapy history were deemed as cisplatin- 
sensitive. The clinicopathological characteristics of 
those patients were listed in Table 1.

Cell culture and treatment

The parental cisplatin-sensitive NSCLC (CS- 
NSCLC) cells (A549 and H1299) were purchased 
from The Chinese Academy of Sciences Cell Bank 
(Shanghai, China), and the cells were cultured in 
the DMEM medium (Gibco, CA, USA) supple-
mented with 10% fetal bovine serum (FBS, 
Gibco, CA, USA), 1% penicillin and streptomycin 
(Sigma-Aldrich, St. Louis, MO, USA). The cells 
were placed in an incubator with 5% CO2 humi-
dified air at 37°C, and the CS-NSCLC cells were 
subjected to long-term low-dose cisplatin exposure 
(0.5–5 μg/ml, 80 days) to establish cisplatin- 
resistant NSCLC (CR-NSCLC) cells (A549/DDP, 
H1299/DDP) following the experimental proce-
dures provided by the previous work [44], and 
the CR-NSCLC cells were maintained in the com-
plete medium containing 1 μg/ml cisplatin, which 
were subsequently subjected to high-dose cisplatin 

Table 1. The correlations of miR-556-5p levels with the clinico-
pathological characteristics of NSCLC patients.

Parameters Cases miR-556-5p P value
High Low

Age 0.232
≥50 32 16 16
<50 15 5 10
Gender 0.162
Male 29 17 12
Female 18 4 14
TNM stage 0.023
I/II 23 10 13
III/IV 24 11 13
Smoking 0.411
No 31 16 17
Yes 16 5 11
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(25 μg/ml) treatment and 1 mM of pyroptosis 
inhibitor Necrosulfonamide (NSA, HY-100573, 
MedChem Express) for 0 h, 6 h, 12 h, 18 h, 24 h 
and 48 h.

Vectors transfection

The miRNA-NC, miR-556-5p mimic and inhibitor, 
and NLRP3 ablation vectors were designed as pre-
viously reported [42,43], and were constructed by 
a commercial third-party company (GenePharma, 
Shanghai, China), which were then transfected into 
the NSCLC cells by using the Lipofectamine 2000 
reagent (Invitrogen, CA, USA) in keeping with the 
producer’s instructing procedures. The transfection 
efficiency of the above vectors were examined by 
performing Real-Time qPCR analysis.

Real-Time qPCR analysis

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
was used for total RNA extraction, which were 
subjected to BCA kit (Invitrogen, Carlsbad, CA, 
USA) for RNA quantification. PrimeScript™ 1st 
Strand cDNA Synthesis Kit (TaKaRa, Dalian, 
China) was used to reversely transcribe the RNA 
into complementary DNA (cDNA), and Real- 
Time qPCR was used to quantify genes expression 
at RNA levels by using the PrimeScript™ RT 
Master Mix (TaKaRa, Dalian, China) and 7500 
Real-Time PCR system (Applied Biosystems, 
Carlsbad, CA, USA). The primer sequences were 
designed as follows: miR-556-5p (F, 5ʹ-GAT AGT 
AAT AAG AAA GAT GAG-3ʹ; R, 5ʹ-TGT TGA 
AGG TAG TAA TAA AAA-3ʹ), NLRP3 (F, 5ʹ- 
GCA CTG CTG AGG CTC TCT C-3ʹ; R, 5ʹ-GTA 
GAA GTG CTC AGC CCC AG-3ʹ), U6 (F, 5ʹ- 
GTG CTC GCT TCG GCA GCA CA-3ʹ; R, 5ʹ- 
AAA ATA TGG AAC GCT TCA CG-3ʹ), 
GAPDH (F, 5ʹ-GCT CCC TCT TTC TTT GCA 
GC-3; R, 5ʹ-GTT GTC ATG GAT GAC CTT 
GGC-3ʹ).

Western Blot analysis

Total proteins extraction process was performed 
by using the RIPA lysis buffer purchased from 
Beyotime (Shanghai, China), and the total proteins 
were separated according to their molecular 

weight by using the 10% SDS-PAGE, which were 
then transferred onto the PVDF membranes 
(Millipore, MA, USA) and were blocked with the 
5% nonfat milk. Then, the above membranes were 
probed with the primary antibodies against 
NLRP3 (1:1500, Abcam, UK), Gasdermin 
D (1:1500, Abcam, UK), cleaved caspase-1 
(1:1500, Abcam, UK), IL-1β (1:2000, Abcam, 
UK), IL-18 (1:1000, Abcam, UK) and GAPDH. 
(1:2500, Abcam, UK) at 4 °C overnight, which 
were subsequently incubated with the secondary 
antibodies (1:3000, Abcam, UK) for 2 h at room 
temperature. An Enhanced Chemiluminescence 
(ECL, Bio-Rad, CA, USA) was used to visualize 
the protein bands, and the gray values were mea-
sured by the Image J software to represent protein 
expressions.

MTT assay for cell proliferation

The cells were seeded into the 96-well plates at the 
density of 1 × 105 cells per well and were subjected 
to high-dose cisplatin (25 μg/ml) treatment for 0 h, 
6 h, 12 h, 18 h, 24 h and 48 h, and the cells were 
incubated with 20 μL MTT solution at concentra-
tion of 5 mg/mL for 4 h in the incubator. Then, 
the supernatants were carefully removed, and 
150 μL dimethyl sulfoxide (DMSO) was added to 
the well and incubated with the cells for 10 min to 
dissolve the Formazan, the cells were fully vor-
texed and a microplate reader (ThermoFisher 
Scientific, USA) was used to measure the optical 
density (OD) values at 570 nm, which was used to 
represent cell viability.

Examination of cell apoptosis

The NSCLC cells were subjected to high-dose cis-
platin (25 μg/ml) exposure for 24 h, and 
a Apoptosis kit (Beyotime, Shanghai, China) was 
purchased to evaluate cell apoptosis ratio in keep-
ing with manufacturer’s experimental protocol. 
Specifically, the cells were subsequently stained 
with Annexin V-FITC and PI for 15 min without 
light at room temperature, and a flow cytometer 
(FCM, BD Bioscience, CA, USA) was employed to 
measure cell apoptosis ratio.
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Dual-luciferase reporter gene system assay

The bioinformatics analysis was performed to 
predict the targeting sites in miR-556-5p and 
3�UTR of NLRP3 mRNA, which were verified 
by using the following dual-luciferase reporter 
gene system assay as previously described [43]. 
In brief, the binding sites in wild-type NLRP3 
(Wt-NLRP3) were mutated as mutant NLRP3 
(Mut-NLRP3), and were cloned into the lucifer-
ase reporter vectors (Promega, WI, USA). 
The miR-NC, miR-556-5p mimc, and NLRP3 
luciferase vectors were respectively co- 
transfected into the A549 and H1299 cells, and 
a commercial Dual-luciferase assay kit 
(Promega, WI, USA) was obtained to measure 
relative luciferase activities following the manu-
facturer’s instructions.

RNA pull-down assay

The biotin-labeled NLRP3 probe containing the 
NLRP3-miR-556-5p binding sites were designed 
and constructed by Sangon Biotech (Shanghai, 
China), and the following RNA pull-down assay 
was performed to validate those sites. Specifically, 
the NSCLC cells were sequentially subjected to 
fixation, lysis and sonication, which were further 
centrifuged and the supernatants were collected 
for further analysis. Part of the supernatants were 
sued as input, and the NLRP3-probe-streptavidin 
Dynabeads (Invitrogen, USA) were used to incu-
bate with the rest of the supernatants to facilitate 
the combination of NLRP3 probes and miR-556- 
5p, and miR-556-5p was released from the com-
plex by incubating with lysis buffer and Proteinase 
K. Finally, the Real-Time qPCR analysis was per-
formed to evaluate relative miR-556-5p 
enrichment.

Evaluation of IL-1β and IL-18 cytokines secretion

The CR-NSCLC cells’ supernatants were col-
lected, and the corresponding ELISA kits were 
purchased from Elabscience (Wuhan, China) was 
bought to measure the expression levels of the 
IL-1β and IL-18, and the detailed experimental 
procedures could be found in their instructions.

Establishment of tumor-bearing mice models

The nine six-week-old male BALB/c nude mice 
were purchased and fed in the specific-pathogen- 
free (SPF) conditions in the Research Animal 
Center Affiliated to Harbin Medical University, 
and the A549/DDP cells with or without miR- 
556-5p downregulation were injected into the dor-
sal flank of the mice at the density of 1 × 107 cells 
per mouse, and were subcutaneously injected with 
cisplatin into the tumors at the concentration of 
5 mg/kg at 0 day, 7 day, 14 day, 21 day and 28 day, 
respectively. The mice tumor volumes were mon-
itored, and at 28 days post-injection, the mice were 
anesthetized and sacrificed, and the tumors were 
obtained and weighed to evaluate in vivo tumor-
igenesis of the A549/DDP cells.

Data collection and analysis

Statistical analysis in this study was performed 
using SPSS 18.0 software. Data was represented 
as mean ± standard deviation (SD), and the differ-
ences between two or multiple groups were respec-
tively examined by using student’s t-test and one- 
way ANOVA. The correlation analysis was per-
formed using Pearson’s correlation. *P value < 
0.05 was considered as statistical significance.

Results

Upregulated miR-556-5p was relevant to 
cisplatin-resistance in NSCLC tissues and cells

Although miR-556-5p involves in regulating can-
cer progression in prostate cancer [23], triple- 
negative breast cancer [24] and meningioma [25], 
its role in regulating cisplatin-resistance in NSCLC 
had not been investigated. To explore this issue, 
the NSCLC tissues collected from patients with 
(N = 27) and without (N = 20) cisplatin-resistant 
properties were examined by Real-Time qPCR, 
and we expectedly found that miR-556-5p was 
significantly enriched in the cisplatin-resistant tis-
sues, in contrast with the corresponding cisplatin- 
sensitive tissues (Figure 1(a)). In addition, miR- 
556-5p levels were related with TNM stage in 
NSCLC patients, whereas its expressions had noth-
ing to do with other clinical features, such as age, 
gender and smoking status (Table 1). Next, the 
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parental cisplatin-sensitive NSCLC (CR-NSCLC) 
cells (A549 and H1299) were exposed to contin-
uous low-dose cisplatin exposure to generate cis-
platin-resistant NSCLC (CR-NSCLC) cells (A549 
and H1299) as previously described [44], and the 
above cells were then subjected to high-dose cis-
platin stimulation (25 μg/ml). As shown in 
Figure 1(b,c) the MTT assay results showed that 
high-dose cisplatin significantly suppressed cell 
viability in the CS-NSCLC cells but not in the CR- 
NSCLC cells. Consistently, the following FCM 
results verified that high-dose cisplatin especially 
induced cell apoptosis in the CS-NSCLC cells 
(Figure 1(d,e)), implying that the CR-NSCLC 
cells were successfully generated in this study. 
Then, the following Real-Time qPCR was con-
ducted, and we found that miR-556-5p was sig-
nificantly upregulated by low-dose cisplatin 
treatments in the CR-NSCLC cells comparing to 

the corresponding CS-NSCLC cells (Figure 1(f)), 
which were supported by the clinical results.

Knock-down of miR-556-5p increased 
cisplatin-sensitivity in CR-NSCLC cells

Given that the expression levels of miR-556-5p are 
altered by continuous low-dose cisplatin exposure 
in the CR-NSCLC cells, and miR-556-5p has also 
been verified to be closely associated with cancer 
progression [23–25], it was reasonable to speculate 
that miR-556-5p involved in the regulation of cis-
platin-resistance in NSCLC. To validate this 
hypothesis, the inhibitor for miR-556-5p was 
synthesized according to the previous studies 
[42,43], which were further transfected into the 
CR-NSCLC cells for miR-556-5p downregulation 
(Figure 2(a,b)). The MTT assay results in Figure 2 
(c,d) showed that miR-556-5p knockdown 

Figure 1. Upregulated miR-556-5p predicted cisplatin-resistance in NSCLC. (a) The cancer tissues were collected from NSCLC patients 
with cisplatin-sensitive and resistant properties, and miR-556-5p levels in the above tissues were examined by Real-Time qPCR 
analysis. (b, c) The CS-NSCLC and CR-NSCLC cells were exposed to high-dose cisplatin for 0 h, 6 h, 12 h, 18 h, 24 h and 48 h, and MTT 
assay was performed to evaluate cell viability. (d) The NSCLC cells were respectively stained with Annexin V-FITC and PI, and a flow 
cytometer was used to examine cell apoptosis ratio. (f) The expression levels of miR-556-5p in CS-NSCLC and CR-NSCLC cells were 
examined by Real-Time qPCR. Each experiment had 3 repetitions, and *P < 0.05.

6336 F. SHI ET AL.



significantly inhibited cell viability in high-dose 
cisplatin-treated CR-NSCLC cells, while miR-556- 
5p inhibitor alone had little effects on cell prolif-
eration in the CR-NSCLC cells. Consistently, cis-
platin especially suppressed cell viability in miR- 
556-5p-deficient CR-NSCLC cells in a dose- 
dependent manner at 48 h post-treatment (Figure 
S4A, B). In addition, the A549/DDP cells with or 
without miR-556-5p ablation were used to estab-
lish xenograft tumor-bearing mice models, and the 
Real-Time qPCR assay results evidenced that miR- 
556-5p was successfully silenced in the mice tumor 
tissues (Figure S6). The following results showed 
that miR-556-5p knockdown aggravated the inhi-
biting effects of cisplatin treatment on tumor 
growth in vivo (Figure 2(e–g)), implying that tar-
geting miR-556-5p was effective to increase cispla-
tin-sensitivity in NSCLC.

Upregulation of miR-556-5p promoted 
cisplatin-resistance in CS-NSCLC cells

Since knockdown of miR-556-5p increases cispla-
tin-sensitivity in CR-NSCLC cells, we next 
explored whether upregulation of miR-556-5p 
also regulated cisplatin-resistance in CS-NSCLC 
cells. The miR-556-5p mimic were delivered into 
the CS-NSCLC cells for its upregulation (Figure 3 
(a,b)), and the cells were next subjected to high- 
dose cisplatin and were grouped as follows: 
Control, cisplatin alone group and cisplatin + 

miR-556-5p mimic group. The MTT assay results 
showed that cisplatin suppressed cell viability in 
CS-NSCLC cells, which were reversed by upregu-
lating miR-556-5p (Figure 3(c,d)). Similarly, the 
FCM assay was conducted to measure cell apopto-
sis ratio, and we expectedly found that high-dose 
cisplatin was prone to induce cell apoptosis in the 
CS-NSCLC cells without miR-556-5p overexpres-
sion (Figure 3(e,f)), indicating that upregulation of 
miR-556-5p increased cisplatin-resistance in CS- 
NSCLC cells.

MiR-556-5p ablation triggered NLRP3-mediated 
cell pyroptosis in CR-NSCLC cells

According to the existed information, miRNAs 
exert their biological functions by targeting the 
3� untranslated region (3�UTR) of their down-
stream target mRNAs [45]. Through performing 
the bioinformatics analysis, we evidenced that the 
3� UTR of NLRP3 mRNA could be targeted by 
miR-556-5p (Figure 4(a)), which were validated by 
performing the following dual-luciferase reporter 
gene system assay (Figure 4(b,c)) and RNA pull- 
down assay (Figure S5A, B). Then, the Real-Time 
qPCR and Western Blot analysis were performed, 
and the results showed that NLRP3 was signifi-
cantly downregulated in the CR-NSCLC cells, in 
contrast with the CS-NSCLC cells (Figure 4(d,e)), 
which were supported by the clinical results that 
NLRP3 tended to be downregulated in the CR- 

Figure 2. Downregulation of miR-556-5p increased cisplatin-sensitivity in CR-NSCLC cells. (a, b) The inhibitor for miR-556-5p was 
delivered into the A549/DDP and H1299/DDP cells for its downregulation, and the transfection efficiency was examined by Real-Time 
qPCR. (c, d) Cell viability in the CR-NSCLC cells were measured by performing the MTT assay. The in vivo xenograft tumor bearing 
mice models were established, and (e, f) tumor weight and (g) volume were monitored, each group had 3 mice. Each experiment 
had 3 repetitions, and *P < 0.05.
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NSCLC tissues (Figure 4(f)), and the expression 
levels of miR-556-5p and NLRP3 mRNA showed 
negative correlations in the NSCLC tissues 
(Figure 4(g)). In addition, according to the 

previous literatures [33–35], NLRP3-mediated cell 
pyroptosis is closely associated with cisplatin- 
sensitivity, and this study evidenced that knock-
down of miR-556-5p upregulated NLRP3, 

Figure 3. Overexpression of miR-556-5p promoted cisplatin-resistance in CS-NSCLC cells. (a, b) The miR-556-5p mimic was 
transfected into the A549 and H1299 cells for its upregulation. (c, d) Upregulated miR-556-5p increased cell viability in high-dose 
cisplatin-treated CS-NSCLC cells, as determined by MTT assay. (e, f) Cell apoptosis in A549 and H1299 cells was determined by 
Annexin V-FITC and PI double staining assay. Each experiment had 3 repetitions, and *P < 0.05.

Figure 4. Knock-down of miR-556-5p promoted NLRP3-mediated cell pyroptosis in high-dose cisplatin treated CR-NSCLC cells. (a) 
The targeting sites between miR-556-5p and 3�UTR of NLRP3 mRNA were predicted, which were validated by performing the 
following (b, c) dual-luciferase reporter gene system assay. (d) The mRNA and (e) protein level of NLRP3 in NSCLC cells were 
determined by Real-Time qPCR and Western Blot analysis (The uncropped WB images could be found in Figure S1). (f) NLRP3 mRNA 
was downregulated in the cisplatin-resistant NSCLC tissues, and (g) correlations between NLRP3 mRNA and miR-556-5p in clinical 
tissues were analyzed by Pearson correlation analysis. (h, i) The pyroptosis associated signatures were detected by Western Blot 
analysis (The uncropped WB images were shown in Figure S2-S3), and (j, k) ELISA was performed to evaluate IL-1β and IL-18 
secretion in the CR-NSCLC cells’ supernatants. Each experiment had 3 repetitions, and *P < 0.05.
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Gasdermin D, cleaved Caspase-1, IL-1β and IL-18 
to trigger pyroptotic cell death in high-dose cis-
platin treated CR-NSCLC cells (Figure 4(h,i)). 
Consistently, miR-556-5p ablation promoted IL- 
1β and IL-18 secretion in the supernatants of the 
CR-NSCLC cells, as determined by ELISA 
(Figure 4(j,k)). Moreover, upregulation of miR- 
556-5p suppressed NLRP3 mRNA levels in the 
cisplatin-treated CS-NSCLC cells (Figure S5C).

Silencing of miR-556-5p promoted CR-NSCLC cell 
death through activating NLRP3-mediated 
pyroptotic cell death

Given that miR-556-5p is capable of regulating 
both cisplatin-sensitivity and NLRP3-mediated 
cell pyroptosis, and activation of pytoptotic cell 
death increases cisplatin-sensitivity in NSCLC, we 
conjectured that silence of miR-556-5p might 
increase cisplatin-sensitivity in NSCLC via reco-
vering NLRP3-mediated cell pyroptosis. To vali-
date the hypothesis, the CR-NSCLC cells were 
subjected to miR-556-5p knockdown (KD-miR 
-556-5p), NLRP3 downregulation (KD-NLRP3) 
and pyroptosis inhibitor NSA, and the cells were 
divided into five groups as follows: Control, cis-
platin alone, cisplatin + KD-miR-556-5p, cisplatin 
+ KD-miR-556-5p + KD-NLRP3, and cisplatin + 
KD-miR-556-5p + NSA. As shown in Figure 5(a, 
b), both NLRP3 downregulation and NSA 

abrogated the inhibiting effects of miR-556-5p 
downregulation on cell viability in CR-NSCLC 
cells. The above results were supported by the 
FCM results that knock-down of miR-556-5p 
aggravated cisplatin-induced cell apoptosis in CR- 
NSCLC cells, which were partially reversed by 
silencing NLRP3 and NSA co-treatment (Figure 5 
(c–e)), indicating that miR-556-5p ablation 
increased cisplatin-sensitivity in NSCLC cells via 
activating NLRP3-mediated cell pyroptosis.

Discussion

Cisplatin-resistance is a huge obstacle to make this 
drug ineffective to treat NSCLC in clinic [13–15], 
and uncovering the potential underlying mechan-
isms will help to solve this problem. According to 
recent publications [16,44,46,47], miRNAs with 
post-transcriptional activities are crucial for regu-
lating cancer progression and drug resistance, and 
multiple miRNAs that regulate cisplatin-resistance 
in NSCLC have been screened out, such as let-7 
miRNA [16], miR-497-5p [46], miR-130a [47] and 
miR-377-3p [44]. Among all the miRNAs, miR- 
556-5p has also been reported to be closely asso-
ciated with cancer progression, and its role in 
regulating cancer development varies according 
to differential cancer types [23–25]. However, up 
until now, it is still unclear whether miR-556-5p 
regulated drug resistance during chemotherapy. 

Figure 5. Silence of miR-556-5p increased cisplatin-sensitivity in CR-NSCLC cells via inducing NLRP3-mediated pyroptotic cell death. 
(a, b) Cell viability was determined by MTT assay, (c–e) and flow cytometer was employed to measure cell apoptosis ratio in A549/ 
DDP and H1299/DDP cells. Each experiment had 3 repetitions, and *P < 0.05.
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Thus, the present study was designed, and we 
found that miR-556-5p tended to ben enriched in 
CR-NSCLC tissues and cells. Further experiments 
validated that knock-down of miR-556-5p 
enhanced the cytotoxic effects of cisplatin treat-
ment on CR-NSCLC cells, and conversely, upre-
gulation of miR-556-5p promoted cisplatin- 
resistance in CS-NSCLC cells, which were partially 
supported by the previous data in other types of 
cancers [23–25], indicating that silencing of miR- 
556-5p increased cisplatin-sensitivity in NSCLC.

MiRNAs are a group of small non-coding RNAs 
that regulate cellular functions through targeting 
the 3�UTR of their downstream target genes, 
resulting in their degradation and inhibition [45], 
and previous studies suggest that miR-556-5p is 
capable of suppressing multiple genes expression, 
such as TCF12 [25], YAP1 [24] and PPP2R2A 
[23]. Interestingly, miR-556-5p is reported to reg-
ulate NLRP3-mediated cell pyroptosis in OVA- 
induced AR mice models [43], suggesting that 
NLRP3 is the downstream target of miR-556-5p, 
which were supported by our experiments that 
miR-556-5p targeted the 3�UTR of NLRP3 
mRNA for its inhibition in NSCLC, and the 
expression levels of miR-556-5p and NLRP3 
mRNA showed negative correlations in the clinical 
NSCLC tissues. According to the existed informa-
tion that NLRP3-mediated pyroptotic cell death is 
critical for modulating cisplatin-resistance [33– 
35], we validated that long-term low-dose cisplatin 
exposure downregulated NLRP3 expressions in 
CR-NSCLC cells, indicating that NLRP3- 
mediated pyroptotic cell death was inactivated in 
CR-NSCLC cells compared to the corresponding 
CS-NSCLC cells.

Given that NLRP3 could be negatively regulated 
by miR-556-5p [43], we next verified that knock-
down of miR-556-5p increased cisplatin-sensitivity 
by re-activating NLRP3-mediated cell pyroptosis 
in CR-NSCLC cells. Specifically, knockdown of 
miR-556-5p increased the expression levels of cell 
pyroptosis signatures in cisplatin-treated CR- 
NSCLC cells, suggesting the NLRP3-mediated pyr-
optotic cell death was re-activated by downregulat-
ing miR-556-5p. Moreover, as previously 
described, various types of cell death, including 
cell apoptosis [26–28] and pyroptosis [33–35], 
involve in regulating cisplatin-resistance in 

NSCLC, and previous literatures evidence that 
both apoptotic [25,42] and pyroptotic [43] cell 
death can be modulated by miR-556-5p, which 
were supported by our data that miR-556-5p 
downregulation promoted both cell apoptosis and 
pyroptosis in cisplatin-treated CR-NSCLC cells. In 
addition, there exist interplay between cell apop-
tosis and pyroptosis [36,37], and our data showed 
that blockage of pyroptotic cell death by NLRP3 
ablation or pyroptosis inhibitor NSA abrogated the 
promoting effects of miR-556-5p downregulation 
on cell apoptosis in cisplatin treated CR-NSCLC 
cells, which were partially supported by the pre-
vious work [36,37], indicating that targeting miR- 
556-5p aggravated cieplatin-induced CR-NSCLC 
cell apoptosis via activating NLRP3-mediated cell 
pyroptosis.

Conclusions

We concluded that silencing of miR-556-5p re- 
activated cisplatin-induced pyroptotic cell death 
via degrading NLRP3, resulting in the improve-
ment of cisplatin-sensitivity in CR-NSCLC. This 
study, for the first time, investigated the role of 
miR-556-5p/NLRP3 axis in regulating cisplatin- 
resistance in NSCLC, which broadened our knowl-
edge in this field and provide alternative treatment 
strategies for NSCLC treatment in clinic.
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