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Abstract
Background: Cell pyroptosis has been characterized by cell swelling and pro-inflammatory factors release to
aggravate inflammatory reaction., such as interlukin-1 beta (IL-1β) and interlukin18 (IL-18). However, the function of
famotidine, an antagonist of histamine H2-receptor antagonists, in cell pyroptosis remained unknown.
Methods: Real-time quantitative PCR (qPCR), western blotting (WB), LDH release assay and enzyme linked
immunosorbent assay (Elisa) combined with inhibitor were performed to analyze the effect of famotidine on cell
pyroptosis-related gene expression.
Results: In this study, we found that famotidine (300 μm) treatment led to a phenomenon of cell pyroptosis as
confirmed by LDH assay. Further results showed that famotidine triggered cell pyroptosis in gastric cancer cells by
activation of NLPR3 inflammasomes including ASC, Caspase-1 and NLRP, leading to enhanced IL-18, not IL-1β,
mature and secretion. What’s more, the results also showed GSDME, not GSDMD, was increased in response to
famotidine stimulation in BGC823 and AGS cells. Mechanically, phosphorylation of ERK1/2 was drastically enhanced
in present with famotidine treatment, while inhibition of ERK1/2 activity by U0126 could reverse the promotion of
famotidine in IL-18 secretion.
Conclusion: These findings revealed a novel role of famotidine in cell pyroptosis in patients with gastric cancer, a
comprehensive consideration is needed in treatment of gastric cancer.
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Background
Gastric cancer, a malignancy with increasing incidence
and mortality, has been the leading cause of death overall the world [1–3], which has been listed as a worldwide
principal health issue[4–6]. At present, surgery remains
the only curative treatment for gastric cancer, while
chemotherapy is considered as an effective supplementary therapy to prevent recurrence and metastasis
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following surgical excision[1, 7]. According to histotype,
gastric cancer included adenocarcinoma, anaplastic carcinoma, mucinous carcinoma, specific type of cancer
such as adenosquamous cell carcinoma, squamous cell
carcinoma. The human gastric cancer cells, including
BGC823 (gastric carcinoma cell line) and AGS (gastric
adenocarcinoma cell line), were used to explore the gastric cancer progression in vitro[8, 9]. Recently, the studies have demonstrated gasdermin (GSDM)-mediated
pyroptosis have a critical role in the mechanism of
pathogenesis and chemotherapy underlying GC, including proliferation, immune responses, even in
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chemotherapy resistance[10–15], highlighting that targeting gasdermin family expression is an improvement
of therapeutic approaches for gastric malignant disorders. However, the regulation of cell pyroptosis remains
to be fully elucidated.
Cell pyroptosis, also called inflammatory programmed
cell death and characterized by NLRP inflammasomes,
may lead to host cells death depending on the microenvironment stimulation[16, 17], which is featured by
inflammatory caspases activation, including caspase-1/11/-4/-5[18], leading to convert the pro-forms of interleukin (IL)-18 and IL-1β into mature inflammatory[18–
22]. In general, the NOD-like receptors (NLPs), especially NLR family pyrin domain containing 3 (NLRP3),
recognize intracellular pathogens and form NLRP3
inflammasome activation via association with the
adaptor protein ASC, leading to caspase-1 activation,
which further cleaves pro-IL-1β and pro-IL-18 into inflammatory IL-1β and IL-18 forms. In addition, activated
caspase-1 also cleaves gasdermin D (GSDMD) that enables cell membrane pore-formation for the release of
IL-1β and IL-18 and triggering of pyroptosis[23]. In
addition to pyroptosis, either intrinsically or extrinsical
stimulation led to apoptosis, which was attributed to the
executioner caspases 3 and 7 (CASP3, CASP7) activation, resulting in proteolysis, nuclear fragmentation, and
apoptotic cell death[24], while necroptotic cell death was
initiated by death receptors (DRs), pattern recognition
receptors (PRRs), and the necrosome formation was
consisted of receptor-interacting protein kinase-1
(RIPK1) and RIPK3, which was kept in check by CASP8mediated cleavage of RIPK1 and RIPK3, such that in the
presence of CASP8, the cell death mode defaults to
apoptosis[25, 26]. Auto-phosphorylation of RIPK3 recruited and activated MLKL to the necrosome (pMLKL).
Which further translocated to the plasma membrane
where it forms a tetramer and permeabilizes the cell
membrane causing oncolysis. Interestingly, abnormal expression of NLRP3 and GSDMD is increased in gastric
cancer tissue promotes GC cells proliferation and
tumorigenesis via inducing Cyclin D1 (CCND1) and cell
cycle-related proteins expression[13, 27], while high expression of GSDME in gastric cancer cells undergo the
switch from caspase-3 dependent apoptosis to pyroptosis
induced by chemotherapeutic drugs[15]. These findings
demonstrated that the pyroptosis is critical in development of gastric cancer.
Gastric antisecretory drugs, including proton pump inhibitors (PPIs) and histamine H2 receptor antagonists,
are widely used among patients with cancer in clinical
practice. Pervious study have demonstrated that omeprazole suppressed de novo lipogenesis in gastric epithelial
cells[28], and rabeprazole inhibited cell proliferation in
gastric epithelial cells by targeting STAT3-mediated
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glycolysis[29]. While famotidine, a histamine H[2] receptor antagonist, has been reported to protect against cell
death induced by MK-801 through glycogen synthase
kinase 3 β (GSK-3β)/β-catenin signaling pathway in SKSY5Y cells[30]. Further study showed that the novelty
and importance of the famotidine in the management of
cardiovascular diseases through NF-κB[31]. What’s
more, famotidine treatment in the sinusoidal capillaries
increased cell infiltration, promoted fatty degeneration
of hepatocytes, and exacerbated dilatation[32]. However,
there are no adequate reports or only rare reports of its
use in patients with gastric cancer. Herein, we further
showed that famotidine stimulation in gastric cancer
cells of BGC823 and AGS significantly promoted cell
pyroptosis by inducing NLRP3 activation, leading to
caspase-1 activation, IL-1β and IL-18 release. This
phenomenon is attributed to increased phosphorylation
of ERK1/2 caused by famotidine. These finding extended
the novel function of famotidine in gastric cancer cells,
which would aid the selection of sedation for patient’s
treatment.

Methods
Cell culture, treatment, and reagents

The human gastric cancer cells, including BGC823 (gastric carcinoma cell with poor differentiation) and AGS
(gastric adenocarcinoma cell with well differentiation),
were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA) and cultured in Eagle’s
minimal essential medium (EMEM) supplemented with
10 % fetal bovine serum (FBS, Gibco, USA), which have
employed as in vitro cell model to study cell pyroptosis
[12, 33]. All the cells were cultured under standard culture
conditions with 37 ℃ humidified air containing 5 % CO2.
As for treatment, cells were stimulated with or without
300 μm famotidine in study. Medium and fetal bovine
serum were purchased from life technologies. Pierce™
BCA protein assay Kit and PageRuler™ Prestained Protein
Ladder were from thermo fisher, trizol was from invitrogen (Invitrogen, Thermo Fisher Scientific). All-in-one™
first-strand cDNA synthesis kit and All-in-one™ qPCR mix
were from Genecopoeia™, FulenGe. Famotidine (S2078)
and caspase-1 inhibitor Belnacasan (VX-765) (S2228) was
purchased from Selleck. Other chemical reagents were
from Sigma. The antibodies NLRP3(Abcam; ab260017, 1:
2000 for WB), IL-18(Abcam; ab235697, 1:1000 for WB),
IL-1β (Abcam; ab216995, 1:1000 for WB), ASC (Abcam;
ab151700, 1:2000 for WB), GSDMD (Abcam; ab210070, 1:
2000 for WB), GSDME (ab215191, 1:1000 for WB), pERK1/2(Abcam; ab242418, 1:1000 for WB) and ERK1/
2(ab148699, 1:1000 for WB) were purchased from Abcam.
Human IL-18 ELISA Kit (ab215539) and Human IL-1 β
ELISA Kit (ab217608) were purchased from Abcam. VX765(S2228) was purchased from Selleck Chemicals.
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Quantitative real-time PCR
As described in Zhang et al study[34], the total RNA was extracted to converted from mRNA to cDNA according to the
manufacturer’s instructions. Primer sequences used in this
study was listed as followed: IL-1β forward: 5’-ATGATGGC
TTATTACAGTGGCAA-3’, reverse: 5’-GTCGGAGATTCG
TAGCTGGA-3’; IL-18 forward: 5’-TCTTCATTGACCAA
GGAAATCGG-3’, reverse: 5’-TCCGGGGTGCATTATCTC
TAC-3’; GSDMD forward: 5’-GGACAGGCAAAGATCG
CAG-3’, reverse: 5’-CACTCAGCGAGTACACATTCATT3’; GSDME forward: 5’-TGCCTACGGTGTCATTGAGTT3’, reverse: 5’-TCTGGCATGTCTATGAATGCAAA-3’; NL
RP3 forward: 5’-CGTGAGTCCCATTAAGATGGAGT-3’,
reverse: 5’-CCCGACAGTGGATATAGAACAGA-3’; ASC
forward: 5’-TGGATGCTCTGTACGGGAAG-3’, reverse: 5’CCAGGCTGGTGTGAAACTGAA-3’; Caspase1 forward:
5’-CCTTAATATGCAAGACTCTCAAGGA-3’, reverse: 5’TAAGCTGGGTTGTCCTGCACT-3’; UBC forward: 5’ATTTGGGTCGCGGTTCTTG-3’, reverse: 5’- TGCCTTG
ACATTCTCGATGGT − 3’;
Western blotting

Immunoblotting was performed as described in Xu et al.
study[35], treated cell were lysed in RIPA buffer and
quantified using BCA protein assay Kit. 20ug of the total
protein extract were subjected from SDS-PAGE and
transferred onto PVDF. the membranes were blocked
with PBST with 5 % milk for 1 h. after incubation overnight with indicated primary antibodies, further incubation with a secondary antibody conjugated horseradish
peroxidase for 1 h at room temperature. After washing
with three times for 5 min, the proteins were detected
using an enhanced chemiluminescence (Thermo fisher,
MA, USA) reagent and imaged with western blotting detection system (Bio-Rad, USA).
LDH release assay

LDH was released from damaged cells into supernatant
and evaluated for cell death or cytotoxicity, which was
widely used to analyze LDH activities in supernatants of
BGC823 and AGS cells treated in the experiment according to the manufacturer’s instructions according to
LDH cytotoxicity assays (ab65393). Relative cell cytotoxicity was determined as (test sample–baseline cell
death)/(high control–baseline cell death)×100 %. Maximum cell death was indicated by a positive control for
100 % cell death generated by lysis buffer from the kit,
while baseline cell death was indicated by a negative
control of 0 % cell death as a result of no treatment.
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Cytokines of IL-1β and IL‐18 level in supernatant were
measured and quantitated in indicated group by sandwich ELISA according to the manufacturer’s
instructions.
Statistical analysis

Data analysis was performed using GraphPad Prism V
software (La Jolla, CA, USA). A p less than 0.05 was
considered statistical difference. Statistical differences
among groups were determined by Student’s t-test, oneway ANOVA was used to determine the significance for
mRNA and intensity quantified.

Results
Famotidine induced cell pyroptosis in gastric cancer cells

pyroptosis is a novel form of inflammatory programmed
cell death and aggravate inflammatory reaction. To identify the potential function of famotidine in cell pyroptosis, LDH release assay were employed to detect in
BGC823 and AGS cells treated with or without famotidine. As shown in Fig. 1 A, LDH release assay revealed
cell death was significantly increased in BGC823 and
AGS cells in response to famotidine stimulation in a
time-dependent manner. Further analysis showed famotidine stimulation drastically increased the cell viability
of BGC823 and AGS cells. in line with this, orphologically, a large number of dead cells were observed in
BGC823 cells in absence with famotidine stimulation
compared with that untreated control group,
respectively(Fig. 1B).

Famotidine activated GSDME and IL-18 release

The above results suggested that famotidine stimulation
triggered cell pyroptosis in gastric epithelial cells, where
gasdermin may serve as a pivotal executioner[36, 37],
which attracted us to identify the pyroptosis-related
genes responsible for famotidine treatment. our results
demonstrated that famotidine treatment failed to induce
GSDMD change, while the mRNA and protein level of
GSDME expression was increased in BGC823 and AGS
cells in response to famotidine treatment (Fig. 2 A-B),
which further to release mature IL-18 secretion, but not
IL-1β, determined by Elisa and western blotting
(Fig. 2 C-D). these findings implied that famotidine promoted IL-18-mediated inflammation through enhanced
GSDME-executed pyroptosis in gastric cancer cells.

Elisa assay

Famotidine regulated pyroptosis by NLRP3
inflammasome activation

Gastric cancer cell of BGC823 and AGS were treated
with or without famotidine for 48 h, and the supernatant
were collected and centrifuged to remove cell debris.

Due to the NLRP3 inflammasome is currently the wellknown characterized inflammasome and consists of
NLRP3,
apoptosis-associated
speck-like
protein

Huang et al. BMC Pharmacology and Toxicology

(2021) 22:62

Page 4 of 9

Fig. 1 Famotidine induced cell pyroptosis. A Cytotoxicity of gastric cancer cells was measured by LDH assay in the culture supernatants from
BGC823 and AGS cells treated with or without famotidine(300 μm) for 72 h. Data represented the mean ± s.d. of three independent experiments
and were analyzed by the t test for significance versus the control group. ***P < 0.001, **P < 0.01 compared with control. B Representative
microscopic images of BGC823 and AGS cells treated with or without 300 μm famotidine for 72 h. Black arrows indicate the characteristic balloon
in the cell membrane. Scale bar is 100 μm

containing a CARD (ASC), and caspase-1, which focused
our attenuation to explore the effect of famotidine in
inflammasome formation. Interestingly, real-time PCR
assay demonstrated that NLRP3, ASC, and Caspase 1 expression were drastically increased in BGC823 and AGS
cells in response to famotidine stimulation for 72 h
(Fig. 3 A-B). In line with this, WB results also showed
that famotidine treatment resulted in a significant upregulation of NLRP3, ASC, and Caspase-1 at protein
expression level (Fig. 3 C), leading to NLRP3 inflammasome activation via association with the adaptor protein
ASC, which in turn activates caspase-1 to cleave pro-IL18 into active forms. What’s more, the caspase-1 inhibitor VX-765 treatment reversed the promotion effect of
famotidine in IL-18 expression measured by Elisa and
western blotting (Fig. 3D-E). However, these findings
suggested that famotidine promoted cell pyroptosis to
aggravate inflammation in gastric epithelial cells.

Famotidine contributes cell pyroptosis by triggering
ERK1/2

The above results have suggested that famotidine induced cell pyroptosis in gastric cancer cells. However,
the mechanism underlying famotidine-mediated pyroptosis remained to be identified. H2R ligands have proved
to increase ERK phosphorylation through a dynamin or
Gβγ pathway[38]. In line with these studies[39–42], our
results showed that phosphorylation of ERK1/2 was significantly upregulated in AGS and BGC823 gastric cancer cells in response to famotidine stimulation (Fig. 4 A),
while inhibition of ERK1/2 by U0126 was able to

attenuated the promotion effect of famotidine on NLRP3
inflammasomes, leading to decrease IL-18 expression
and LDH release determined by Elisa and western blotting(Fig. 4B-D). Phase contrast microscope images also
showed that U0126 treatment led to a significant reversed effect of famotidine on cell death (Fig. 4E). taken
together, these findings showed that famotidine promoted cell pyroptosis in BGC823 and AGS gastric cancer cells in dependent of EKR1/2.

Discussion
Famotidine, clinically widespread used ligand acting at
H2R[40], is sufficient to inhibit gastric acid secretion.
However, the potential function of famotidine is gradually to be elucidate in various of disease. Previous study
has revealed that another proton pump inhibitor omeprazole regulated lipid content in BGC823 cells, leading
to reduce lipid content. In this study, we further showed
famotidine treatment induced GSDME-, not GSDMD-,
mediated cell pyroptosis by activation of NLRP3 inflammasome form, leading to increase Caspase-1 activation
and IL-18 release in BGC823 and AGS cells. Further
analysis showed phosphorylation of ERK1/2 was drastically enhanced in BGC823 and AGS cells in response to
famotidine treatment, while inhibition of EKR1/2 activity
led to a reversed effect of famotidine on IL-18. Despite a
positive control that famotidine treatment in a cell line
that does not express inflammasome is lacking to strong
support our present findings, these results suggested the
novel function of famotidine and implied a novel insight
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Fig. 2 Famotidine contributed to GSDME activation and IL-18 release. A BGC-823 and (B) AGS cells were treated with or without famotidine for
72 h, mRNA levels of indicated genes were analyzed by RT-qPCR. Data represented the mean ± s.d. of three independent experiments and were
analyzed by t test for significance versus Control group (0 μm), ***P < 0.001, **P < 0.01, *P < 0.05 versus control group(0 μm). NS: no significance.
C BGC-823 and AGS cells were treated as indicated and at 72 h post-treatment, cells were harvested to extract total proteins. The SDS-PAGE and
immunoblotting were performed to detect indicated proteins, and relative protein expression were quantified and analyzed by t test. Data
represented the mean ± s.d. of three independent experiments and were analyzed by t test for significance versus Control group (0 μm), ***P <
0.001, **P < 0.01, *P < 0.05 versus control group(0 μm), the gels/blots and quantitative were processed in parallel. D BGC-823 and AGS cells were
treated as described in C, the supernatant was collected. The level of IL-18 (left panel) and IL-1β (right panel) were measured by Elisa according
to the instruction, respectively. Data represent the mean ± s.d. of three independent experiments and were analyzed by t test for significance
versus Control group (0 μm), **P < 0.01 versus control group(0 μm)
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(See figure on previous page.)
Fig. 3 Famotidine triggered NLRP3 inflammasomes form. A BGC823 and (B) AGS cells were treated with or without famotidine for 72 h, mRNA levels of
indicated inflammasome-related genes were analyzed by RT-qPCR. Data represented the mean ± s.d. of three independent experiments and were analyzed by
t test for significance versus Control group (0 μm), ***P < 0.001, **P < 0.01, *P < 0.05 versus control group(0 μm). C BGC823 and AGS cells were treated as
indicated and at 72 h post-treatment, cells were harvested to extract total proteins. The SDS-PAGE and immunoblotting were performed to detect indicated
proteins, and relative protein expression were quantified and analyzed by t test. Data represented the mean ± s.d. of three independent experiments and were
analyzed by t test for significance versus Control group (0 μm), ***P < 0.001, **P < 0.01, *P < 0.05 versus control group(0 μm). the gels/blots and quantitative
were processed in parallel. D BGC823 and AGS cells were left untreated or treated with Caspase-1 inhibitor VX-765 for 1 h, followed by famotidine stimulation
for another 71 h, the content of IL-18 level in indicated group were measured by IL-18 Elisa kit assay. Data represented the mean ± s.d. of three independent
experiments and were analyzed by two-way ANOVA with multiple comparisons, followed by Bonferroni post hoc test for significance. ***P < 0.001, **P < 0.01.
E the total protein was collected from above group in D, whole cell lysates were separated by SDS-PAGE and assayed with the antibodies against the indicated
proteins. β-actin was determined to ensure equal loading. The quantified result was analyzed by two-way ANOVA with multiple comparisons, followed by
Bonferroni post hoc test for significance. ***P < 0.001, **P < 0.01

that a comprehensive consideration required for patient’s treatment.
Recently, the study has showed that famotidine treatment resulted in significant downregulation of LDH,
TGF-β, bFGF and IL-9, respectively, and significant upregulation of Caspase-3 expression in diffuse large B-cell

lymphoma[43]. Further analysis showed that famotidine
prevented increment in oxidative stress markers and reduction of antioxidants during ischemia-reperfusion injury[44], in addition, the protective effect of famotidine
was observed in neuroprotective[30]. However, no available direct reports about the famotidine in cell

Fig. 4 Famotidine treatment increased phosphorylation of ERK1/2. A after serum-starvation for 24 h, BGC823 and AGS cells were treated with or
without famotidine for 1 h, respectively, phosphorylation of ERK1/2 and ERK1/2 level were detected by SDS-PAGE and immunoblotting. B BGC823
cells were treated with U0126 for 1 h, and followed by famotidine stimulation for 71 h, the mature IL-18 was detected in indicated group by
western blotting, α-tubulin was taken as internal control. The level of IL-18 in supernatant was measured by Elisa assay. Data represented the
mean ± s.d. of three independent experiments and were analyzed by One-ANOVA test for significance. *P < 0.05. C The LDH release was
determined by LDH assay (D), Data represented the mean ± s.d. of three independent experiments and were analyzed by One-ANOVA test for
significance. ***P < 0.001. E Representative microscopic images of BGC823 cells treated as indicated for 72 h. Scale bar is 100 μm
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pyroptosis. Due to the study have showed saturated fatty
acids have been reported to activate the NLRP3 inflammasome, resulting in IL-1β, secretion and aggravating
inflammation[45]. We speculated that famotidine could
promoted SREBP-1c mature, a transcription factor of
fatty acids synthesis, and SREBP-1c could directly regulate NLRP3 expression. this famotidine-mediated fatty
acids synthesis in NLRP inflammasome activation could
be further addressed in our next work.
As shown in our study, famotidine treatment led to an
upregulation of IL-18 release, a production of cell pyroptosis. NLRP3-mediated pyroptotic cell death and activation of Caspase-1 and GSDMD were the key event during
cell pyroptosis[46]. As presented in this study, both
NLRP3 and ASC expression were significantly increased
in response to famotidine stimulation in BGC823 and
AGS cells, leading to caspase-1 activation and IL-18 release, most important, famotidine failed to alter GSDMD
expression, but induced GSDME expression, which is line
with the report showed that GSDME rather than GSDMD
is cleaved in chemotherapy drug-treated gastric cancer
cells[15], suggesting the critical role of GSDME in
famotidine-induced cell pyroptosis. However, the further
work is required to elucidate whether other NLRPs
inflammasomes and nonclassical caspase-4/-5-mediated
pyroptosis involved in famotidine regulated pyroptosis. In
addition to the function of famotidine on cell pyrotposis,
the further investigation is also needed to explore the possible changes of apoptosis, necroptosis even ferroptosis, as
well as the underlying mechanism.
It is well known that ERK1/2, a member of MAPK,
pathway plays a crucial role in the regulation of cell proliferation[47, 48]. In the present study, stimulation with
famotidine triggered the ERK 1/2 phosphorylation, while
inhibition ERK1/2 activity could reverse the effect of
famotidine on LDH and IL-18 expression, indicating that
the famotidine regulated cell pyroptosis in ERK1/2dependent manner. However, the following issue
remained to be identified in our future work, including
[1] The possible relationship between H2 recepotor, the
target of famotidine, and ERK1/2 is remained to be identified. [2] to address the precise mechanism through
which famotidine regulated phosphorylation of ERK1/2.
[3] to reveal the downstream critical transcription factor
of ERK1/2 involved in NLRP3 expression. [4] in vivo animal experiment and clinical sample analysis should be
taken into the work. In addition to cell pyroptosis, the
potential role of famotidine could be further addressed
in gastric cancer in the future, such as tumor invasion,
metabolism and angiogenesis.

Conclusions
In summary, these findings extended the novelty function of famotidine and revealed a critical role of
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famotidine in gastric cancer cell pyroptosis to aggravate
inflammation, which may be not suitable for gastric cancer treatment, implying a more comprehensive consideration is needed in management of gastric cancer.
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