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Objective. To evaluate the effect of p53 on pyroptosis and its inhibitory role on tumor growth in non-small-cell lung cancer
(NSCLC). Methods. The correlation of p53 and pyroptosis was determined in tumor tissues of NSCLC patients. The pyroptotic
level was detected in A549 cells to clarify the effect of p53 on pyroptosis. p53 overexpression A549 tumor-bearing mice were
used to clarify the therapeutic target of p53 in NSCLC treatment. Results. p53 expression level was positively related to
pyroptosis in NSCLC tissues. In in vitro assays, p53 directly regulated pyroptosis in A549 cells. p53-specific knockdown blocked
lipopolysaccharide- (LPS-) induced pyroptosis. In in vivo assays, p53 overexpression in A549 markedly decreased tumor growth
and death rate by increasing the pyroptotic level. Conclusions. Upregulation of p53 prompts pyroptosis to produce anti-NSCLC
effects suggesting the potential of p53 on suppressing tumor growth in NSCLC patients.
1. Introduction

Non-small-cell lung cancer (NSCLC) is the most life-
threatening neoplasm, which is generally diagnosed at the
advanced stage with low 5-year survival rate [1]. Canonical
treatments include chemotherapy and targeted drug therapy
to prolong patients’ survival and relieve symptoms during
NSCLC [2]. Approximately 80% of lung cancer is attributed
to NSCLC, and its increasing mortality and morbidity
heighten the need for advanced treatments.

Researches focused on programmed cell death have
received considerable attentions [3]. Apoptosis has been
instrumental in our understanding of programmed cell death,
which happens to defend impaired stimulus and control
deteriorated accumulations. The development of apoptosis
is related to the formation of apoptotic bodies and the activa-
tion of caspases [4, 5]. Recently, there has been renewed inter-
est in a noncanonical programmed cell death: pyroptosis,
which is related to infectious, spontaneously inflamma-
tions, and autoimmune conditions [6]. In contrast, there
is much less information about the effects of pyroptosis.
As a foreign composition in an organism, NSCLC cells pre-
dispose to initiate an autoimmune response and in turn trig-
ger a series of inflammatory cascade [7]. Given these
evidence, we thereby hypothesized that pyroptosis possesses
a tight correlation with the progression of NSCLC.

Tumor suppressor gene, p53, is considered to suppress
cell carcinogenesis via regulating cell cycle [8]. Previous
studies have demonstrated that the mutation of p53 not
only loses the function of tumor suppressor but also regains
the function of oncogene to promote malignant transforma-
tion of cells [9]. Among several noncanonical cell death
processes, including apoptosis, ferroptosis, necroptosis,
and paraptosis, p53 is the most important factor to switch
these progression via regulating multiple signaling pathways
[10]. In addition, it is reported that p53 is tightly related to
the occurrence and progression of NSCLC, with underin-
vestigated underlying mechanisms remained [11]. Here,
we hypothesized that p53 is the key mediator to pyroptosis
exerting the beneficial effects on tumor growth inhibition
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to improve the survival as well to slow the development
during NSCLC.

2. Materials and Methods

2.1. Human Subjects and Informed Consent. NSCLC patients
that were newly diagnosed received treatment at the Second
Affiliated Hospital of Harbin Medical University. The study
was approved by the Institutional Ethical Board, and tumor
samples were collected upon a written informed consent.
Tumor samples were extracted, and p53 and pyroptotic
mRNA levels were analyzed by real-time PCR analysis.

2.2. Animals. The protocols of animal experiment were in
agreement with the Ethics Committees of Harbin Medical
University. Experimental principles were fulfilled with the
Guide for the Care and Use of Laboratory Animals published
by the US National Institutes of Health (NIH Publication No.
85-23, revised 1996). Six-week-old BALB/c nude mice were
provided by the Animal Center of the 2nd Affiliated Hospital
of Harbin Medical University (Harbin, China) and housed in
a dedicated room with 12 h dark/light cycle, controlled tem-
perature (22 ± 1°C), and constant humidity (55 ± 5%). After
1 week acclimatization, thirty nude mice bearing A549 tumor
xenografts were divided into two groups randomly: controls
and p53 overexpression group. The volumes of the tumors
were measured every week for 2 months.

2.3. Cell Culture and Treatment. A549 cell lines were
obtained from Shanghai Institutes for Biological Sciences
(SIBS, China) and cultured in RPMI-1640 medium (Thermo
Fisher Scientific,Waltham,MA,USA) suppliedwith 10% fetal
bovine serum (FBS, Gibco, USA) and 1% penicillin/strepto-
mycin (100 μg/mL) in 5%CO2 at 37

°C. Before treatment, cells
were incubated with FBS-free restriction/treatment medium
overnight.

2.4. Cell Transfection. A549 cells were seeded into a 6-well
plate at a density of 2 × 106 cells/well. At the confluence of
80%, cells were starved in a serum-freemedium for 24 hbefore
transfection and then transfected with 100 nM pcDNA3.1-
p53 plasmid using Lipofect2000 transfection reagent accord-
ing to the manufacturer’s instructions, pcDNA3.1 treatment
as control. The transfection medium was replaced by regular
growth medium after 6 h transfection.

2.5. Real-Time PCR. Total RNA was harvested from cells
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to previous studies [12]. cDNA synthesis was
performed using a High-Capacity cDNA Reverse Transcrip-
tion Kit (Applied Biosystems, Carlsbad, CA, USA; Cat. no.
4368814) according to the manufacturer’s instructions. The
levels of p53 and pyroptotic factors, including caspase-1,
cleaved caspase-1, apoptosis-associated speck-like protein
containing CARD (ASC), and nucleotide-binding domain
and leucine-rich repeat-containing 3 (NLRP3), were deter-
mined by SYBR Green I incorporation method and ABI
7500 fast real-time PCR system (Applied Biosystems,
USA). GAPDH was used as internal control.
2.6. Western Blotting. Western blotting analysis was per-
formed as previously described [13]. Protein samples were
extracted with RIPA buffer supplemented with protease
inhibitors and quantified using the BCA method (Beyotime,
Shanghai, China). Protein samples were fractionated by
SDS-PAGE (10% polyacrylamide gels) and transferred to a
nitrocellulose membrane. After blocking with 5% nonfat
milk, themembrane was incubated with the primary antibod-
ies for p53, caspase-1, cleaved caspase-1, NLRP3 (Wanlei Bio,
Shenyang, China), andASC (Absin Bioscience Inc., Shanghai)
followed by incubation with a florescence-labeled secondary
antibody. The blotted proteins were detected and quantified
with an Odyssey Infrared Imaging System (LI-COR, Lincoln,
NB, USA). GAPDH (Santa Cruz Biotechnology, Dallas,
Texas) was used as internal control.

2.7. Immunofluorescent Staining. Immunofluorescent stain-
ing was performed as previously described [14]. Cells were
fixed with 4% paraformaldehyde for 30min at room temper-
ature. 0.4% Triton X-100 was used for penetration and sealed
by normal goat serum for 2 h at 37°C. p53 and NLRP3 were
stained with primary antibody for 24 h at 4°C. Then, the cells
were probed with florescence-labeled secondary antibody
and DAPI for nuclei, observed under a confocal laser scan-
ning microscope (FV300, Olympus, Japan).

2.8. Proliferation Assay. A549 cells were seeded in a 96-well
plate. At an indicated time point, CCK-8 reagent was added
to each well (10 μL/well) and continually incubated for 4 h.
Then, the optical density (OD) value (450nm) was deter-
mined by an enzyme-linked immunosorbent assay plate
reader (Bioreader).

2.9. Statistical Analysis. All values were presented as
mean ± S:E:M: Statistical comparisons were performed
by Student’s t-test between two groups or one-way
ANOVA for multiple comparisons. p < 0:05 was considered
to indicate a significant difference. Data were analyzed using
the GraphPad Prism 5.0 software. Correlations between p53
and pyroptosis were assessed by using Pearson, Spearman,
and Kendall’s rank correlation coefficient analyses [15].

3. Result

3.1. p53 Expression Level Is Positively Related to Pyroptosis in
NSCLC Tissues. The main process of pyroptosis includes the
activation of caspase-1 and formation of inflammasome, and
the network is comprised of cleaved caspase-1, ASC, and
NLRP3 [16]. To assess the correlation between p53 and
pyroptosis in the tumor tissue of NSCLC patients, we ana-
lyzed the data from canonical correlation analyses (Pearson,
Spearman, and Kendall). The results indicate that the
p53 mRNA level positively correlated with pyroptosis
(Figures 1(a)–1(d)). Statistical data (Table 1) digitalize the
correlation, providing a strong evidence for the involvement
of p53 in pyroptosis. Since p53 is a transcription factor that
acts upon its direct target genes, it is necessary to determine
the protein level. The correlation analyses of the p53 protein
level with pyroptosis are consistent with the p53 mRNA level
(Figure 1(e) and S1). Thus, we concluded that p53 level is
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Figure 1: p53 is positively related to pyroptosis in the tumor tissue of NSCLC patients. (a–d) mRNA levels of NLRP3, ASC, caspase-1, and
cleaved caspase-1 were detected by real-time PCR and analyzed by SPSS. Wild-type p53 mRNA level shows a positive correlation with
NLRP3, ASC, and cleaved caspase-1 in tumor tissues of 20 NSCLC patients. (e) p53 protein level (upper panel) and NLRP3 (lower panel)
expression were determined by DAB staining. Arrows represent DAB-positive staining area. Scale bar equals 50 μm.
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positively related to pyroptosis, implying the inhibitory
potential of p53 on NSCLC by pyroptosis.

3.2. p53 Is Responsible for Pyroptosis in A549 Lung Cancer
Cells. p53 is generally considered as a transcription factor to
regulate several programmed cell deaths [10]. To further ver-
ify the involvement of p53 in pyroptosis during NSCLC,
A549 cells were transfected with p53 overexpression vector
or pcDNA3.1 negative control vector. Results of transfection
efficiency were assessed, illustrating that the transfection
of pcDNA3.1-p53 significantly elevated p53 protein and
mRNA levels (Figures 2(a) and 2(b)). Overexpression of p53
increased pyroptotic level, including the upregulation of
NLRP3, ASC, and cleaved caspase-1 both in mRNA and
protein levels (Figures 2(c)–2(e)). Additionally, p53 agonist
was used to activate p53 and similar results were obtained
that activation of p53 prompted pyroptosis in A549 cells
(Figure S2).

Transfection of siRNA was used to knockdown p53,
and the results showed that the efficiency of p53 knock-
down was feasible (Figures 3(a) and 3(b)). Pyroptotic pro-
teins, including NLRP3, ASC, and cleaved caspase-1, were



Table 1: Correlation coefficients of Pearson, Spearman, and Kendall analyses.

Pearson Spearman Kendall
R value p R value p R value p

NLRP3 0.951 <0.01 0.754 <0.01 0.645 <0.01
ASC 0.974 <0.01 0.935 <0.01 0.825 <0.01
Caspase-1 -0.143 >0.05 -0.114 >0.05 -0.08 >0.05
c-caspase-1 0.975 <0.01 0.880 <0.01 0.751 <0.01
Spearman, Pearson, Kendall, and linear correlation coefficients of p53 and pyroptotic levels in non-small-cell lung cancer (NSCLC) tissues; n = 10 in each group.
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Figure 2: Overexpression of p53 elevates pyroptotic level in A549 NSCLC cells. A549 lung cancer cells were transfected with p53
overexpression or negative control vector (pcDNA3.1). (a) p53 protein expression level was determined by western blotting analysis; n = 5,
∗∗∗p < 0:001. (b) p53 mRNA level was determined by real-time PCR; n = 5, ∗∗∗p < 0:001. (c) Pyroptotic factor mRNA levels were
determined by real-time PCR; n = 7, ∗∗p < 0:01, ∗∗∗p < 0:001 versus the negative control group. (d, e) Pyroptotic proteins were determined
by western blotting, and statistical results were obtained by densitometric analysis and normalization to GAPDH; n = 5, ∗∗p < 0:01.
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decreased compared with the negative control (NC) group
(Figures 3(c)–3(e)). Additionally, the direct interaction
between p53 and NLRP3 was determined by chromatin
immunoprecipitation (CHIP) analysis (Figure S3). Taken
together, p53 could be considered as a direct regulator of
pyroptosis in NSCLC cells.
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Figure 3: Knockdown of p53 inhibits pyroptotic level in A549 NSCLC cells. (a) p53mRNA level was determined by real-time PCR. A549 lung
cancer cells were transfected with siRNA p53 or negative control vector (NC); n = 6, ∗∗∗p < 0:001. (b) p53 protein expression level was
determined by western blotting analysis; n = 5, ∗∗∗p < 0:001. (c) Pyroptotic factor mRNA levels were determined by real-time PCR; n = 5,
∗∗p < 0:01, ∗∗∗p < 0:001 versus the NC group. (d, e) Pyroptotic proteins were determined by western blotting, and statistical results
were obtained by densitometric analysis and normalization to GAPDH; n = 5, ∗∗∗p < 0:001.
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3.3. p53 Inhibits NSCLC Cell Proliferation through Pyroptosis.
In order to delineate the function of p53/pyroptosis in
NSCLC tumorigenesis, we further gain insight into the effect
of p53 on A549 lung cancer cell proliferation. LPS is a normal
component of the cell wall of most Gram-negative bacteria,
which can trigger cytokine synthesis, secretion, and a subse-
quent inflammatory process [17]. Thus, we treated A549 cells
with LPS to induce pyroptosis. Consistent with previous
studies, LPS treatment rapidly and significantly activated
pyroptotic effectors (Figure 4(a)). As the sensor of pyroptosis,
NLRP3-formed inflammasomes significantly increased in
response to LPS stimuli (Figure 4(b)). In addition, LPS
remarkably increased p53 levels (Figures 4(c) and 4(d)) and
reduced cell proliferation, while knockdown p53 neutralized
the effect of LPS on A549 cell proliferation. Oppositely, over-
expression of p53 aggravated the reduction of cell viability
(Figures 4(e) and 4(f)), and knockdown of pyroptotic pro-
teins NLRP3 in A549 cells blocked LPS-induced pyroptosis
or p53 overexpression (Figure S4). Taken together, these
results indicated that p53-induced pyroptosis suppressed
A549 lung cancer cell proliferation, suggesting its potential
on tumor growth inhibition.

3.4. p53-Induced Pyroptosis Inhibits Tumor Growth in the
Progression of NSCLC. To further determine the effect of
p53-induced pyroptosis on tumor growth during NSCLC,
we used in situ implantation tumor mice of non-small-
cell lung cancer to analyze their tumor tissue index and
survival rate. Tumor-bearing mice were sacrificed for
tumor tissue extraction following 8 weeks of feeding. Pyr-
optosis and p53 levels were then determined (Figure 5(a)).
The result showed that overexpression of p53 significantly
increased pyroptosis. Additionally, p53 overexpression in
tumor showed a remarkable reduction of tumor size, weight,
and volume (Figures 5(b)–5(d)), together with high survival
rate compared with controls. These results suggested that
overexpression of p53 in NSCLC tumor tissues inhibits the
development of NSCLC via activation of pyroptosis. Taken
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Figure 4: p53-activated pyroptosis suppresses A549 lung cancer cell proliferation. (a) Pyroptotic factor (NLRP3, ASC, caspase-1, and cleaved
caspase-1) mRNA levels were determined by real-time PCR; n = 5, ∗∗p < 0:01, ∗∗∗p < 0:001. (b) Immunofluorescent staining showed the effect
of LPS on NLRP3-formed inflammasomes (red) in A549 lung cancer cells. Cell nuclei were visualized by DAPI (blue). Scale bar equals 10 μm.
(c, d) p53 protein and mRNA levels were determined by western blotting and real-time PCR, respectively; n = 3, ∗∗p < 0:01. (e) p53 protein
levels were determined by western blotting, n = 3, normalized to GAPDH, ∗p < 0:05, ∗∗p < 0:01, ∗∗∗p < 0:001. (f) Cell viability was detected
by CCK-8 assay in A549 cells; n = 10, ∗p < 0:05, ∗∗∗p < 0:001.
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together, p53 activates pyroptosis in NSCLC cells, exerting
inhibitory effects on NSCLC tumor growth.

4. Discussion

Lung cancer is one of the most life-threatening diseases with
the highest mortality and morbidity among multiple types of
malignant tumor. NSCLC accounts for nearly 80% of lung
cancer patients, and the number of NSCLC patients ascends
dramatically [18]. With varied etiology, atmospheric con-
tamination is the main cause to induce the occurrence of
NSCLC [19, 20]. It is inevitable that the inferior air quality
as well as other pathogenic factors constitutes a risk of high
morbidity level [21]. Thus, researches related to improve
NSCLC symptoms require further investigation.

As a heterocomposition in an organism, tumor cells are
responsible for the activation of immunoreactions, including
inflammatory response [22]. Proinflammatory mediators
are secreted and released to lead cancer cell inactivation or
death in the progression of NSCLC. Inflammatory response
includes inflammasome formation and caspase activation.
Chronic inflammation is an essential regulator in the process
of carcinogenesis via inflammatory cytokines, leading an
inflammatory microenvironment. Emerging evidence indi-
cates that chronic inflammation plays an important role at
all stages of tumor development, including initiation, growth,
invasion, and metastasis [23]. Inflammasomes exert an
important function in releasing interleukin- (IL-) 1β and
IL-18, which in turn prompt inflammatory response to
clean up cancer cells [24, 25]. Thi and Hong reported that
inflammasome formation is considered as a therapeutic tar-
get towards cancer prevention and treatment [26]. Kantono
and Guo have illuminated the role of inflammasome for-
mation in the development of colon cancer and breast
cancer [27]. Recent studies have reported that pyroptosis,
a newly revealed programmed cell death, is pertinent to
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Figure 5: p53-activated pyroptosis inhibits the development of NSCLC in tumor-bearing mice. (a) mRNA levels were measured in the control
and p53 overexpression groups. Control mice were transplanted with A549 cells transfected with pcDNA3.1 vector. The p53 overexpression
group was induced with transplantation with A549 cells transfected with p53 overexpression vector. Tumor tissues were extracted after
mice death or 8 weeks of feeding; n = 5 in each group. The data are presented as the mean ± S: E:M:; ∗∗∗p < 0:001 versus the control group.
(b–d) Tumor size, weight, and volume were measured in each group; n = 5, ∗p < 0:05, ∗∗p < 0:01, ∗∗∗p < 0:001. (e) Survival percentage was
calculated throughout 8-week feeding.
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inflammasome formation, as well as caspase-1 or caspase-
4/7/11 activation, enhancing inflammatory reactions. It is
undeniable that pyroptosis is tightly related to the progres-
sion of cancer and may contribute to inhibitory effect on
tumor growth. However, the effect on NSCLC remains to
be further clarified.

Programmed cell death was first reported in 1842, which
is recognized as an irreversible process involving complex
molecular factors or pathways to maintain cellular homeo-
stasis and control diseases in multicellular organisms [28].
Among several programmed cell deaths, pyroptosis is the
most recently investigated which is characterized as an
inflammatory form of regulated cell death which is triggered
by microbial infection, heart attack, stroke, and cancer pro-
gression [29]. Pizato et al. have reported that pyroptosis is
tightly related to breast cancer cell death and further contrib-
utes to improved treatment during breast cancer [30]. How-
ever, the relationship between pyroptosis and NSCLC as well
as the underlying mechanism remains to be investigated.
Transcription factor p53 is considered to regulate cell
cycle and inhibit cell carcinogenesis [31]. However, the
mutation of p53 not only loses the function of tumor sup-
pressor but also regains the function of oncogene to promote
malignant transformation of cells [32]. Among several
noncanonical cell deaths, including apoptosis, ferroptosis,
necroptosis, and paraptosis, p53 is the most important
regulator to switch these cell deaths [10]. In addition, it
is reported that p53 is tightly related to the occurrence
and progression of NSCLC [11]; however, the underlying
mechanisms remain to be further clarified. Pyroptosis
morphologically and mechanistically differs from other types
of cell death [33]. Only a few studies show the potential
association of p53 with pyroptosis. The key role of p53 on pyr-
optosis requires a further and comprehensive investigation.

We highlighted three observations in this study. First, we
revealed the positive correlation between p53 and pyroptosis
in NSCLC tumor tissues. Second, a significant alternation of
pyroptosis was found in p53 overexpression or knockdown
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A549 lung cancer cells, suggesting the regulatory role of p53
on pyroptosis. Third, p53-induced pyroptosis significantly
suppresses tumor growth and retards the development of
NSCLC, at least in part, improving the symptoms and
survival in NSCLC.

Additionally, our research proposed the following con-
sideration: whether specifically activated p53 expression in
NSCLC tumor via gene engineering tools could ameliorate
mortality and morbidity of NSCLC, or other cancers, provid-
ing more beneficial effects to improve the outcomes.

5. Conclusions

In this study, we found that p53-induced pyroptosis inhibits
tumor growth during NSCLC. Our findings suggest that p53
could be recognized as a potential target to improve NSCLC
by the activation of pyroptosis.
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Supplementary Materials

Figure S1: p53 protein level is positively related to pyroptosis
in tumor tissue of NSCLC patients. mRNA levels of NLRP3,
ASC, caspase-1, and cleaved caspase-1 were detected by real-
time PCR and analyzed by SPSS. Wild-type p53 protein level
shows a positive correlation with NLRP3, ASC, and cleaved
caspase-1 in tumor tissues of 20 NSCLC patients. Figure S2:
activation of p53 elevates pyroptotic level in A549 NSCLC
cells. (a) Activity of p53 was determined by the p53 activity
assay kit. A549 lung cancer cells were treated with or without
Tenovin-6; n = 5, ∗∗p < 0:01. (b, c) p21 level was determined
by real-time PCR and western blotting analysis; n = 5,
∗p < 0:05, ∗∗p < 0:01. (d) Pyroptotic factor mRNA levels
were determined by real-time PCR; n = 5, ∗∗p < 0:01,
∗∗∗p < 0:001 versus the negative control group. (e, f)
Pyroptotic proteins were determined by western blotting,
represented images were shown on the left, and statisti-
cal results were shown on the right; n = 5, ∗∗p < 0:01,
∗∗∗p < 0:001. Figure S3: p53 directly regulates pyroptosis
by NLRP3. Chromatin immunoprecipitation (CHIP) was
used to determine the involvement of p53 in the pyroptotic
network. A549 cells were treated with LPS and then collected
for CHIP analysis. Figure S4: p53-induced pyroptosis
inhibits A549 cell viability. Cell viability was detected by the
CCK-8 assay in A549 cells; n = 5, ∗p < 0:05, ∗∗∗p < 0:001.
(Supplementary Materials)
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