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Abstract

Objective To investigate the GSDMD, CASP1, CASP4 and CASP5 expression in peripheral blood mononuclear cells of
non-small cell lung cancer patients and analyze their clinical significance.

Methods 71 non-small cell lung cancer patients were selected as the study group and 50 healthy individuals as the
control group. The GSDMD, CASP1, CASP4 and CASP5 expression in peripheral blood mononuclear cells of the two
groups were detected by real-time fluorescence quantitative PCR. The GSDMD, CASP1, CASP4, CASP5 expression and
their relationship with the clinical characteristics of the patients were analyzed.

Results Compared with the control group, the GSDMD, CASP4 and CASP5 expression in PBMCs of lung cancer
patients was significantly higher(P < 0.05). Lymph node metastasis had significant difference with the CASP4

and GSDMD expression (P < 0.05); tumor volume had significant difference with CASP1 and CASP5 expression
(P<0.05). The areas under predictive ROC curve of the GSDMD, CASP1, CASP4, and CASP5 mRNA expression were
0.629(P <0.05), 0.574(p>0.05), 0.701(P < 0.05) and 0.628(P < 0.05), the sensitivity values were 84.5%, 67.6% 43.7%, and
84.3%;the specificity values were 42%, 52%, 84% and 64%, respectively.

Conclusion GSDMD, CASP1, CASP4 and CASP5 gene expression are highly increased in PBMCs of non-small cell lung
cancer patients and their expression are closely related to the clinical characteristics of patients. The early enhanced
pyroptosis-related gene expression may be potential molecular markers for early diagnosis of non-small cell lung
cancer.
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Introduction

Lung cancer has a high incidence in the world and is one
of the most malignant tumors. In 2020, there were more
than 2 million new cases of lung cancer worldwide, and
about 1.8 million people died of lung cancer [1]. Lung
cancer is divided into small cell lung cancer (SCLC) and
non-small cell lung cancer (NSCLC). NSCLC is the most
common type of lung cancer, accounting for about 85% of
all lung cancer cases [2].In the past few decades, targeted
therapy and immunotherapy have become the focus of
research on how to cure lung cancer. As a newly discov-
ered form of programmed cell death, pyroptosis may pro-
vide a new idea for the treatment and diagnosis of lung
cancer.

Pyroptosis is a mode of cell regulatory death accompa-
nied by inflammatory response. In 2018, Nomenclature
Committee on Cell Death (NCCD) defined it as regulated
cell death with plasma membrane perforation formed by
members of the Gasdermin protein family after inflam-
matory cysteinyl aspartate specific proteinase (caspase)
activation [3]. According to the mechanism, pyropto-
sis can be divided into Caspase-1-dependent classical
inflammatory body pathway and Caspase-4/-5-depen-
dent non-classical inflammatory body pathway [4]. In the
classical pathway of cell death, under the stimulation of
pathogen-associated molecular patterns (PAMPs) and
damage-associated molecular patterns (DAMPs), pattern
recognition receptors (PRRs) such as NLR pyrin domain
containing 3 (NLRP3), NLR containing a caspase recruit-
ment domain 4 (NLRC4) and absent in melanoma 2
(AIM2) combine with the adapter protein ASC (apopto-
sis-associated speck-like protein containing a CARD) and
Caspase-1 to form various inflammatory bodies to cleave
GSDMD [5].The N-terminal of gasdermin-D (GSDMD)
leads to the opening of cell membrane pores, which
leads to pyroptosis [6, 7]. In the non-classical pathway of
pyroptosis, lipopolysaccharides (LPS) directly binds to
activate Caspase-4/5, and Caspase-4/5 induces pyropto-
sis by cutting GSDMD [8]. So, GSDMD and CASP1/4/5
play a key role in the occurrence of pyroptosis [9].

Peripheral blood mononuclear cells, including lym-
phocytes and monocytes, are important cellular com-
ponents of the body’s immune response. The immune
system can remove mutated cells from the body and early
tumor cells. In patients with abnormal immune system or
immunodeficiency, the incidence of tumor will be greatly
increased, and the speed of canceration will be signifi-
cantly accelerated [10]. PBMCs can secrete many kinds
of cytokines, including interleukin and tumor necrosis
factor (TNF). These different cytokines have more or less
inhibitory effect on tumor. In recent years, it has been
found that PBMCs play an important role in the occur-
rence and development of NSCLC [11].
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In our pilot study in this paper, we investigated the
expression profile of GSDMD, CASP1/4/5 in PBMCs of
NSCLC patients, we further analyzed the relationship
between these pyroptosis related genes and their clini-
cal characteristics, so as to provide experimental basis
for exploring pyroptosis as new forecasting molecules for
NSCLC.

Methods

NSCLC patients and healthy controls

A total of 71 patients with NSCLC who underwent sur-
gery in the second Xiangya hospital from December 2021
to February 2022 were enrolled, including 21 males and
11 females, aged from 41 to 70 years old; tumor diameter:
> 5 cm 16 cases, < 5 cm 16 cases; TNM staging: stage I +
IIin 9 cases, stage III + IV in 23 cases; lymph node metas-
tasis occurred in 20 cases, no lymph node metastasis in
12 cases, distant metastasis in 11 cases and no distant
metastasis in 21 cases. Inclusion criteria: [1] clinically
diagnosed as NSCLC; [2] primary patients without any
treatment before operation; [3] no other complications.
50 healthy subjects were selected in the control group.
The study protocol was approved by the medical eth-
ics committee of the Second Xiangya Hospital, Central
South University. The ethical code was No.2020 Y557.

Isolation of PBMCs and extraction of mRNA

Collect the blood samples collected by the patients within
24 h after admission from the laboratory department.
PBMCs were isolated from the blood samples using den-
sity gradient centrifugation with Ficoll-Hypaque which
purchased from 4 A Biotech Co., Ltd according to the
manufacturer’s instruction. Total RNA was extracted
from PBMCs, and genomic DNA (gDNA) was removed
for reverse transcription. Trizol reagent and Evo M-MLV
RT Mix Kit with gDNA clean were purchased from Accu-
rate-Biology, Hunan, China.

Reverse transcription and real-time PCR

RNA samples were reverse transcribed and 1ul ¢cDNA
from each sample was taken for RT-PCR detection. The
reaction conditions were as follows: pre-denatured at 95
C, 50s, and 95 ‘C, 10s, 60°C, 30s, 40 loops, and the rela-
tive expression of GSDMD and CASP1/4/5 was analyzed
by 224 CT method. GAPDH was used as the control
gene for this experiment. The primers were purchased
from Tsingke Biotechnology Co., Ltd. The primers used
in PCR were listed as follows:

Statistical analysis

GraphPadPrism5.0 was used for statistical analysis, and
the measurement data were expressed by meanzstan-
dard deviation. D’Agostino Pearson normality test
was used to determine whether the data was normal
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Gene NCBI reference primer sequence (5'-3’)
sequence

GSDMD NM_001166237.1 F: GTGTGTCAACCTGTCTATCAAGG
R: CATGGCATCGTAGAAGTGGAAG

CASP1 NM_001223.5 F: TTTCCGCAAGGTTCGATTTTCA
R: GGCATCTGCGCTCTACCATC

CASP4 NM_0012254 F: CAAGAGAAGCAACGTATGGCA
R: AGGCAGATGGTCAAACTCTGTA

CASP5 NM_001136109.3 F: TCACCTGCCTGCAAGGAATG

R:TC CGTCAACCACAGTGTAG

distribution. For the data with normal distribution, F
test was conducted to compare the variance, and then
parametric T test was conducted for the data with the
same variance and T test with Welch’s correction was
conducted for the data with unequal variance; For data
without normal distribution, Mann-Whitney test was
conducted. The difference was considered to be statisti-
cally significant When the P-value<0.05.
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Results

GSDMD, CASP1/4/5 expression profile in PBMCs of NSCLC
patients and healthy controls

The GSDMD, CASP1/4/5 expressions differences in
PBMCs of NSCLC patients and healthy controls were
detected by real-time PCR. The results showed that both
the GSDMD and CASP1/4/5 expressions in patients were
higher than that of healthy controls, and the expressions
of GSDMD, CASP4 and CASP5 were statistically higher
than that of healthy controls(P<0.05), as shown in Fig. 1
and supplementary Table 1.

Relationship between GSDMD, CASP1/4/5 expressions and
clinical characteristics of NSCLC patients

We further analyzed the relationship between the
expression of GSDMD and CASP1/4/5 and the clini-
cal characteristics of patients, as shown in Table 1. The
expression of GSDMD in PBMCs was related to lymph
node involvement(P<0.05); the expression of CASP1
was related to tumor diameter(P<0.05); the expression
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Fig. 1 GSDMD(A), CASP1(B), CASP 4(C), CASP 5 expressions in PBMC of NSCLC patients and healthy controls



Song et al. BMC Pulmonary Medicine (2023) 23:174

Page 4 of 7

Table 1 Relationship between expression of GSDMD and CASP1/4/5 and statistically significant clinical characteristics of patients

Clinical characteristics n GSDMD Casp1 Casp4 Casp5
Z-AAct P 2-AAct P 2-AAct P Z-AAct P
Tumor diameter <5cm 36 1.283+£0.356 0.361 0.836+0397  0.029 1.692+0.735 0.620 1.209+£0512  0.031
>5cm 35 1.508£0.267 0.294+0.175 1.420+£0.816 0.773+£0.401
Lymph node involvement  Yes 40  1.730£1.106  0.030 0842+0351 0.764 19341067 0.023 1.356+0842 0327
No 31 1.349+£0.976 0436+0.238 1.306+1.052 0.730£0514
100 - screening results could lead to overdiagnosis. Invasive
] I : — e techniques based on tissue biopsies could cause adverse
f —— CAsP1 reactions such as pneumothorax and hemorrhage. The
' — CASP4 limitations of tissue biopsy and tumor heterogeneity were
R — also easy to produce false negative results. Therefore, it

- Reference line

Sensitivity%

100% - Specificity%

Fig. 2 ROC curve of the GSDMD, CASP1, CASP4, and CASP5 mRNA
expression

of CASP4 was related to TNM staging and lymph node
involvement(P<0.05); the expression of CASP5 in
NSCLC patients was related to tumor diameter(P <0.05).
The GSDMD and CASP1/4/5 expressions in PBMCs were
not related to age, gender, smoking history, pathological
type and differentiation in patients with NSCLC(P>0.05)
(Supplementary Table 2).

ROC curves of GSDMD and CASP1/4/5 expression in PBMCs
The areas under predictive ROC curve of the GSDMD,
CASP1, CASP4, and CASP5 mRNA expression were
0.629(P<0.05), 0.574(p>0.05), 0.701(P<0.05) and
0.628(P<0.05), the sensitivity values were 84.5%, 67.6%
43.7%, and 84.3%;the specificity values were 42%, 52%,
84% and 64%, respectively, as shown in Supplementary
Tables 3 and Fig. 2. It showed that the expression of
pyroptosis related factors of PBMCs in NSCLC patients
had certain value in diagnosing NSCLC.

Discussion

The burden of incidence rate and case fatality rate of
cancer increases rapidly all over the world. Function-
ing as the most common type of lung cancer, non-small
cell lung cancer stays on top of various types of cancers.
Patients suffered lung cancer generally have no typical
symptoms in their early stage, and the 5-year survival rate
of the patients is less than 15% [12]. At present, the main
screening method of NSCLC is Computed Tomography
(CT), but there are defects such as radiation exposure
and high cost, and the high false positive results of the

is very important to find early tumor markers of NSCLC
and realize preoperative noninvasive early diagnosis.

As an inflammatory and programmed way of cell death,
the molecular mechanism of pyroptosis has been gradu-
ally clarified with the deepening of research.

A large number of studies had shown that pyroptosis
played an important role in the occurrence and devel-
opment of NSCLC. In the development of NSCLC,
pyroptosis also played a dual role, which could not only
inhibit tumor cell proliferation, but also provide a suit-
able environment for tumor cell growth, thus promoting
tumor cell proliferation. When inhibiting the expression
of LncRNA-XIST oncogene, it could activate NLRP3
inflammatory bodies, increase the expression of cas-
pase-1 and IL-1f, and then induce pyroptosis of tumor
cells, ultimately inhibiting the occurrence and develop-
ment of NSCLC. Knock-down of LncRNA-XIST inhib-
ited NSCLC progression by triggering miR-335/SOD2/
ROS signal pathway mediated pyroptotic cell death [13].
Thioredoxin interacting protein (TXNIP) could combine
with IL-18 and IL-1f, initiate pyroptosis through over-
expression of TXNIP and promote lung related chronic
inflammatory response, while inhibiting the expression
of TXNIP could reduce the formation of inflammatory
bodies and inhibit lung related chronic inflammatory
reactions [14]. The activation of NLRP3 inflammasome
could promote the proliferation and migration of lung
adenocarcinoma A549 cells by mediating the release of
IL-18 and IL-1p through the caspase-1 dependent pyrop-
tosis pathway, while blocking IL-18 and IL-1pB signaling
could inhibit the progression of lung cancer [15]. There-
fore, pyroptosis related factors might have a dual mecha-
nism of promoting and inhibiting the occurrence and
development of NSCLC, but there were relatively few
studies related to them at present, which could be used as
a new research direction to further explore the dual role
of pyroptosis in non-small cell lung cancer, and lay the
foundation for seeking therapeutic targets.

More and more evidence showed that pyroptosis is
related to the occurrence, development and therapeutic
response of tumors [16, 17]. However, the vast majority
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studies have focused on whether pyroptosis occurs in
tumor cells during tumorigenesis. It had been proved that
GSDMD was highly expressed in NSCLC tumor tissue,
and the level of expression was positively correlated with
tumor size and TNM stage [14]. Xie et al. proved that the
progression of NSCLC can be inhibited by activating the
classical pyroptosis pathway in tumor cells [18]. But there
were few previous studies on the pyroptosis of PBMCs in
patients with NSCLC.

PBMC was an important part of the immune system
which played an important role in anti-tumor immu-
nity. The cells involved in anti-tumor immunity include
NK cells, T cells, B cells, macrophages and dendritic cells
(DC) [19]. At the same time, tumors could also inhibit
the immune function of the body and induce immune
tolerance to tumor cells through a variety of mechanisms,
so as to escape the clearance of it by the immune system.
PBMC:s played an important role in the occurrence and
development of tumor.

In this study, the expression levels of GSDMD and
CASP1/4/5 in PBMCs of patients with NSCLC and
healthy controls were detected by real-time PCR.
It was found that the expression of GSDMD and
CASP4/5 of patients with NSCLC was higher than
that of healthy controls, and the difference was statisti-
cally significant(P<0.05). The relationship between the
expression of GSDMD and CASP1/4/5 and the clini-
cal characteristics of patients was further analyzed. In
our study, the expression of GSDMD was only related to
lymph node metastasis(P<0.05). Cancer progression is
marked by dysfunctional tumor-infiltrating lymphocytes
(TIL). It is highly possible that the inflammatory death
of PBMC can cause the significant lymph node metas-
tasis. The results showed that the expression of CASP1
in patients with tumor diameter>5 cm was lower than
that in patients with tumor diameter<5 cm(P <0.05). The
expression of CASP4 was related to lymph node metasta-
sis (P<0.05), and the expression of CASP5 was related to
tumor size(P<0.05).The mechanism of immune cell dys-
function in chronic infection during non-classical pyrop-
tosis pathway activation was similar to that of anti-tumor
immune cell dysfunction [20]. As the key molecules of
non-classical pyroptosis pathway, the expression trend of
CASP4 and CASP5 in PBMCs of patients with NSCLC
was opposite to that of CASP1 in some clinical indica-
tors. Although this difference did not show statistical
significance, it also suggested that there may be a com-
petitive relationship between the two ways of pyroptosis.
Age, gender, smoking history, pathological type, degree
of differentiation and distant metastasis of the tumor
had no significant difference with the GSDMD, CASP1,
CASP4 and CASP5 expression (P>0.05).

The ROC results of this experiment showed that the
detection of the expression of GSDMD and CASP1/4/5
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in PBMCs had certain value in the diagnosis of NSCLC.
The areas under predictive ROC curve of the GSDMD,
CASP1, CASP4, and CASP5 mRNA expression were
described previously. All these pyroptosis related fac-
tors in PBMCs had certain value in diagnosing NSCLC
patients. GSDMD proved to be the most sensitive diag-
nostic molecules, however, its predictive value needs fur-
ther verification.

Detection of pyroptosis related molecules may be help-
ful for the clinical diagnosis and prognosis evaluation of
NSCLC. Currently, many studies had found that some
drugs, such as conventional chemotherapy drugs, molec-
ular targeted drugs, and immunotherapy drugs, could
exert anti-tumor effects through pyroptosis, or could be
used in combination with other pyroptosis promoters
to enhance their drug sensitivity and reduce drug resis-
tance, which was conducive to improving the efficacy of
anticancer drugs, developing new drugs, and improving
patient prognosis. In patients with NSCLC, researchers
found that the GSDMD-N domain formed by GSDMD
cleavage in CD8" T cells may bind to the GSDMD-C
domain. Once entering the target cell, GSDMD-N was
liberated from GSDMD-C, bind to the target cell mem-
brane, inducing target cell death to exert its role in kill-
ing tumor cells [21]. Wang had found that caspase-1
dependent pyroptosis induced by the lipid-lowering drug
simvastatin occurred in lung cancer cells, indicating that
simvastatin might be a potential drug for clinical treat-
ment of NSCLC [15]. Further in-depth research on key
molecules such as caspase and GSDMD in pyroptosis
and their regulatory molecular mechanisms was of great
significance in the diagnosis and treatment of NSCLC.
The exploration of pyroptosis and its molecular mecha-
nism might provide new therapeutic strategies and tar-
gets for cancer patients, with broad research prospects.

This study also had some limitations. First of all, the
number of cases included in our experimental group and
control group was relatively small, and our data were
only collected in a single institution. Therefore, we care-
fully examined the clinical information of patients before
collecting patient samples to ensure that the patients
included in the experimental study met the standards.
Secondly, we evaluated the expression of pyroptosis-
related molecules in PBMCs of patients with NSCLC at
only one time point, and did not follow up to evaluate the
changes of the expression of these molecules with time.
Different treatment methods might also affect the expres-
sion of pyroptosis related genes. In addition, although
some results, including ROC curve analysis, have refer-
ence significance, the credibility of the experimental
results still need to be further proved, which may also
be related to the insufficient number of samples, sam-
ple differences or case selection. In this experiment, we
collected clinical samples and attempted to identify the
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relationship between the expression level of pyroptosis
related genes and clinical characteristics, without involv-
ing research on the regulatory pathway of pyroptosis.
Therefore, in the future, we should expand the number of
cases in the experimental study and continue to further
investigate the expression and mechanism of pyroptosis
of PBMCs in NSCLC.Consisting of monocytes, T cells, B
cells and natural killer cells, PBMCs could be considered
the first line of defense of the immune system against
cancer. The change of activity and function of PBMCs
was a key factor in tumor immune escape [22, 23]. Once
tumor immune escape occurred, the expression of some
molecules in PBMCs would be different, and this change
might be earlier than that of precancerous lesions. When
pyroptosis occurred in PBMCs, it changed the state of
the patient’s immune system, and the internal environ-
ment would be disordered with the occurrence and
development of the tumor. The occurrence of tumor will
affect the metabolism of immune cells [24], which might
explain why the expression of pyroptosis molecules was
related to the stage of tumor development. Pyroptosis
occurred in tumor was beneficial to cure cancer, but if
pyroptosis occurred in PBMCs, it would inevitably affect
the immune state of the body, which was adverse for the
body [17, 25, 26]. The differential expression of PBMCs
molecules did not depend on the substantial tumor load,
and their expression was involved in the immune sys-
tem’s recognition of cancer and the process of tumor
cells escaping from the immune system. Moreover, the
immune escape of cancer and tumor cells recognized by
the immune system occurred in the early stage of tumor,
so the differential expression of pyroptosis-related mol-
ecules could reflect the state of early tumor occurrence
[27]. PBMCs could produce a large number of high-qual-
ity RNA, and gene expression could be measured reliably
by real-time fluorescence quantitative PCR. Therefore,
the expression of pyroptosis-related molecules in PBMCs
as molecular markers might have higher diagnostic value
in theory.

Conclusion

In summary, pyroptosis-related molecules GSDMD and
CASP1/4/5 were highly expressed in PBMCs of patients
with NSCLC, and their expression levels were closely
related to the clinical features of patients, and might be
potential molecular markers for early diagnosis and eval-
uation the severity of this disease. Pyroptosis can pro-
vide a new idea for early detection and treatment of lung
cancer.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512890-023-02456-x.

Page 6 of 7

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Acknowledgements
Not applicable.

Authors’ contributions

All authors contributed to the study conception and design. Material
preparation were performed by Ruoyu Song, Yongbin Wu Shijun He and
Sichuang Tan. Data collection and analysis were performed by Wanxin Chen,
Qianlu Wang and Shouman Wang. The first draft of the manuscript was written
by Ruoyu Song and Sipin Tan. All authors commented on previous versions of
the manuscript. All authors read and approved the final manuscript.

Funding

The present study was supported by National Natural Science Foundation of
China (grant no. 82170095, 82000742); Natural Science Foundation of Hunan
Province, China (grant no. 2021JJ31029), Changsha Municipal Natural Science
Foundation (grant no. kg2208298).

Data Availability

The datasets used and analyzed during the current study are not publicly
available due to the experimental data of this study involves the privacy of
patients but can be obtained from the corresponding authors according to
reasonable requirements.

Declarations

Competing interests
All authors declared no competing interests.

Ethics approval and consent to participate

The study protocol was approved by the medical ethics committee of the
Second Xiangya Hospital, Central South University. The ethical code was
N0.2020Y557. All methods were performed in accordance with the relevant
guidelines and regulations. Informed consents were acquired from all study
individuals for the acquisition of clinical and pathological information and the
use of clinical specimens.

Consent to Publish
Not applicable.

Received: 9 August 2022 / Accepted: 26 April 2023
Published online: 16 May 2023

References

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et
al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. Ca-a Cancer Journal for
Clinicians. 2021,71(3):209-49.

2. Chen Z, Fillmore CM, Hammerman PS, Kim CF, Wong KK. Non-small-cell lung
cancers: a heterogeneous set of diseases. Nat Rev Cancer. 2014;14(8):535-46.

3. Galluzzi L, Vitale I, Aaronson SA, Abrams JM, Adam D, Agostinis P, et al.
Molecular mechanisms of cell death: recommendations of the nomenclature
Committee on Cell Death 2018. Cell Death Differ. 2018;25(3):486-541.

4. deVasconcelos NM, Lamkanfi M. Recent insights on Inflammasomes, Gasder-
min pores, and pyroptosis. Cold Spring Harb Perspect Biol. 2020;12(5).

5. LuFlanZ XinZ He C Guo Z Xia X, et al. Emerging insights into molecular
mechanisms underlying pyroptosis and functions of inflammasomes in
diseases. J Cell Physiol. 2020;235(4):3207-21.

6. Fietta P, Delsante G. The inflammasomes: the key regulators of inflammation.
Riv Biol. 2009;102(3):365-84.

7. Broz P, Dixit VM. Inflammasomes: mechanism of assembly, requlation and
signalling. Nat Rev Immunol. 2016;16(7):407-20.


http://dx.doi.org/10.1186/s12890-023-02456-x
http://dx.doi.org/10.1186/s12890-023-02456-x

Song et al. BMC Pulmonary Medicine

(2023) 23:174

ShiJ, Zhao Y, Wang Y, Gao W, Ding J, Li P, et al. Inflammatory caspases are

innate immune receptors for intracellular LPS. Nature, 2014;514(7521):187-92.

Man SM, Karki R, Kanneganti TD. Molecular mechanisms and functions of

pyroptosis, inflammatory caspases and inflammasomes in infectious diseases.

Immunol Rev. 2017,277(1):61-75.

Garg AD, Agostinis P. Cell death and immunity in cancer: from dan-
ger signals to mimicry of pathogen defense responses. Immunol Rev.
2017;280(1):126-48.

Bremnes RM, Busund LT, Kilvaer TL, Andersen S, Richardsen E, Paulsen EE, et al.

The role of Tumor-Infiltrating lymphocytes in Development, Progression, and

prognosis of Non-Small Cell Lung Cancer. J Thorac Oncol. 2016;11(6):789-800.

Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in
China, 2015. CA Cancer J Clin. 2016;66(2):115-32.

Liu J, Yao L, Zhang M, Jiang J, Yang M, Wang Y. Downregulation of LncRNA-
XIST inhibited development of non-small cell lung cancer by activating
miR-335/SOD2/ROS signal pathway mediated pyroptotic cell death. Aging
(Albany NY). 2019;11(18):7830-46.

Gao J, Qiu X, Xi G, Liu H, Zhang F, Lv T, et al. Downregulation of GSDMD
attenuates tumor proliferation via the intrinsic mitochondrial apoptotic
pathway and inhibition of EGFR/Akt signaling and predicts a good prognosis
in non-small cell lung cancer. Oncol Rep. 2018;40(4):1971-84.

Wang F, Liu W, Ning J, Wang J, Lang Y, Jin X, et al. Simvastatin suppresses
Proliferation and Migration in Non-small Cell Lung Cancer via pyroptosis. Int J
Biol Sci. 2018;14(4):406-17.

Xia X, Wang X, Cheng Z, Qin W, Lei L, Jiang J, et al. The role of pyroptosis in
cancer: pro-cancer or pro-"host"? Cell Death Dis. 2019;10(9):650.

Koren E, Fuchs Y. Modes of regulated cell death in Cancer. Cancer Discov.
2021;11(2):245-65.

Page 7 of 7

18. Xie J, Zhuan B, Wang H, Wang Y, Wang X, Yuan Q, et al. Huaier extract sup-
presses non-small cell lung cancer progression through activating NLRP3-
dependent pyroptosis. Anat Rec (Hoboken). 2021,304(2):291-301.

19. Wu SY, FuT, Jiang YZ, Shao ZM. Natural killer cells in cancer biology and
therapy. Mol Cancer. 2020;19(1):120.

20. Speiser DE, Ho PC, Verdeil G. Regulatory circuits of T cell function in cancer.
Nat Rev Immunol. 2016;16(10):599-611.

21. XiG,Gao J,Wan B, Zhan P XuW, Lv T, et al. GSDMD is required for effec-
tor CD8(+) T cell responses to lung cancer cells. Int Immunopharmacol.
2019;74:105713.

22. Myers JA, Miller JS. Exploring the NK cell platform for cancer immunotherapy.
Nat Rev Clin Oncol. 2021;18(2):85-100.

23. LianJ,Yue Y, YuW, Zhang Y. Immunosenescence: a key player in cancer devel-
opment. J Hematol Oncol. 2020;13(1):151.

24.  Franchina DG, Grusdat M, Brenner D. B-Cell metabolic remodeling and Can-
cer. Trends Cancer. 2018:4(2):138-50.

25. TanY,Chen Q Li X, Zeng Z, Xiong W, Li G, et al. Pyroptosis: a new paradigm of
cell death for fighting against cancer. J Exp Clin Cancer Res. 2021;40(1):153.

26. Tang R, Xu J, Zhang B, Liu J, Liang C, Hua J, et al. Ferroptosis, necroptosis, and
pyroptosis in anticancer immunity. J Hematol Oncol. 2020;13(1):110.

27.  Fridman WH, Zitvogel L, Sautes-Fridman C, Kroemer G. The immune
contexture in cancer prognosis and treatment. Nat Rev Clin Oncol.
2017;14(12):717-34.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿A pilot study on pyroptosis related genes in peripheral blood mononuclear cells of non-small cell lung cancer patients
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿NSCLC patients and healthy controls
	﻿Isolation of PBMCs and extraction of mRNA
	﻿Reverse transcription and real-time PCR
	﻿Statistical analysis

	﻿Results
	﻿GSDMD, CASP1/4/5 expression profile in PBMCs of NSCLC patients and healthy controls
	﻿Relationship between GSDMD, CASP1/4/5 expressions and clinical characteristics of NSCLC patients
	﻿ROC curves of GSDMD and CASP1/4/5 expression in PBMCs

	﻿Discussion
	﻿Conclusion
	﻿References


