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Abstract

Pyroptosis is a new form of programmed cell death generated by some inflammas-
omes, piloting the cleavage of gasdermin (GSDM) and stimulation of dormant cy-
tokines like 1L-18 and IL-1p; these reactions are narrowly linked to certain diseases
like diabetic nephropathy and atherosclerosis. Doxorubicin, a typical anthracycline,
and famous anticancer drug has emerged as a prominent medication in several can-
cer chemotherapies, although its application is accompanied with expending of
dose-dependent, increasing, irreversible and continuing cardiotoxic side effects.
However, the exact path that links the induced pyroptosis to the mechanism by which
Doxorubicin (DOX) acts against breast cancer cells is still puzzling. The present study
seeks to elucidate the potential link between DOX-induced cell death and pyropto-
sis in two human breast cancer cell lines (MDA-MB-231 and T47D). We proved that
treatment with DOX reduced the cell viability in a dose-dependent way and induced
pyroptosis morphology in MDA-MB-231 and T47D cells. Also, protein expression
analyses revealed GSDME as a key regulator in DOX-induced pyroptosis and high-
lighted the related role of Caspase-3 activation. Furthermore, DOX treatments in-
duced intracellular accumulation of ROS, stimulated the phosphorylation of JNK, and
Caspase-3 activation, subsequently. In conclusion, the study suggests that GSDME
triggered DOX-induced pyroptosis in the caspase-3 dependent reactions through
the ROS/JNK signalling pathway. Additionally, it showed that the DOX-induced car-
diotoxicity and pyroptosis in breast cancer cells can be minimized by reducing the
protein level of GSDME; thus, these outcomes provide a new research target and
implications for the anticancer investigations and therapeutic applications.
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1 | INTRODUCTION

Breast cancer is the most shared invasive cancer in women; this
dangerous disease affects around 1 in 7 women in the world. Even
though the incidence of breast cancer in East Asia is lower than
in other regions of the world, the total number of patients is still
very large due to its huge population (World Cancer Report 2003,
International Agency for Research on Cancer (IARC). Because of the
widespread physical examination and the specificity of its clinical
symptom, breast cancer is often diagnosed at its early stage. As the
cancer is promptly detected, patients can undergo surgery as a di-
rect treatment with medications in addition.*? Chemotherapy, one
of the most common medications, is predominantly recommended
for breast cancer patients in stages 2-4. Most chemotherapy drugs
kill fast-growing or fast-replicating breast cancer cells by causing
DNA damage or other degradative mechanisms in cancer cells.®
However, in certain cases, the chemotherapy drugs may also damage
normal breast cells and lead to serious side effects. Therefore, the
precise mechanism by chemotherapy drug operates in cells demands
deeper researches.

Pyroptosis is a highly inflammatory form of programmed cell
death (PCD) that results from the activation of three different path-
ways. Firstly, the canonical inflammasome pathway, in which the
activated Caspase-1 cleaves the cytosolic gasdermin D (GSDMD)
to forms transmembrane pores through the GSDMD N-terminal
(GSDMD-N) and induces cell pyroptosis. The second mechanism
involves the non-canonical inflammasome pathway, induced by the
direct binding of lipopolysaccharide (LPS) onto Caspase-4/5 in hu-
mans. Finally, the third and the less-studied pathway is the caspase-3
dependent pyroptotic pathway, in which the Caspase-3 may cleave
the gasdermin E (GSDME-N) to form transmembrane pores, then
lead cells into pyroptosis process.>¢

Doxorubicin (DOX) (commercial name: Adriamycin) is a common
chemotherapy medication recommended for multiple cancer thera-
pies, including breast cancer. DOX molecules interact with DNA by
insertion and inhibition of macromolecular biosynthesis, and then
stop the process of replication. It is applied with other drugs to form
various chemotherapy units, such as AC (Adriamycin cyclophos-
phamide or Doxorubicin), TAC (Taxotere, Adriamycin, cyclophos-
phamide) and FAC (5-fluorouracil, Adriamycin, cyclophosphamide).”
Recent studies on cisplatin-DDP and doxorubicin-induced pyro-
ptosis revealed that caspase-3-mediated GSDME activation played
a crucial role in mouse macrophages; moreover, a similar study
demonstrated that DOX-induced pyroptosis was generated through
the ROS-JNK-caspase 3-GSDME signalling in human tubular epithe-
lial cells, suggesting GSDME as a potential target for chemothera-
peutic drugs researches.®? Meanwhile, different research showed
that GSDMD exhaustion promptly stimulated the split of caspase-3
and poly ADP ribose polymerase (PARP), and enhanced cancer cell
death through mitochondrial pyroptosis pathways.*°

Here, screening comparative analysis within the relative expres-
sion of GSDME in six different cell lines (BT549, T47D, MDA-MB-231,
MDA-MB-468, MCF7 and MDA-MB-453) were conducted through

gRT-PCR essays, among which two of the most expressive cell lines
were selected (MDA-MB-231 and T47D). Besides, we evaluated the
induced cell death of six clinical chemotherapy drugs (PTX(Paclitaxel),
DDP(Cisplatin), DOX(Doxorubicin), CTX(Cyclophosphamide) and
5-FU(5-fluorouracil), and the Doxorubicin treatment generated the
severest pyroptosis reactions in both MDA-MB-231 and T47D cell
lines. Furthermore, we investigated the involved pathway of DOX-
induced pyroptosis through the Western blotting assessments,
and we found that, instead of GSDMD linked to most studied py-
roptosis cases, the GSDME appeared to be the key regulator of the
DOX-induced cell death, surprisingly, while the protein expression
of Caspase-8 and Caspase-3 were the most affected. These results
demonstrated that DOX-induced cardiotoxicity is related to the
Caspase-3-dependent pyroptosis pathway. Our study provides new
experimental evidence to the mechanism by which Doxorubicin me-
diates cell death and describes the DOX-induced pyroptosis for the
first time in breast cancer cells. From the perspective of ameliorating
human cancer therapy, it is convenient to continue in-depth study
to find the mechanism and the relationship between pyroptosis and
cell immune systems, and provide a new scheme for immunotherapy.

2 | MATERIALS AND METHODS
2.1 | Cell cultures

MDA-MB-231 and T47D cells gotten from Shanghai Institute of
Cell Biology, Chinese Academy of Sciences were cultured in DMEM
medium (Gibco) supplemented with 10% FBS (Gibco) and 10 U/mL
Penicillin-Streptomycin (Gibco), then, incubated at 5% CO, at 37°C.
Cells were passaged when reached 80% confluency. Once conflu-
ency reached 70%, then the cells were incubated in the presence
or absence of PTX (Paclitaxel, 0.1 umol/L, Shanghai Yuanye), DDP
(Cisplatin, 50 umol/L, Shanghai Yuanye, China), DOX (Doxorubicin,
1.1 umol/L, Shanghai Yuanye), CTX (Cyclophosphamide, 200 uM,
Shanghai Yuanye, China) and 5-FU (5-fluorouracil, 114 uM, Beijing
Solarbio, China) and the Reactive oxygen species inhibitor NAC (N-
acetyl-L-cysteine, 5 mmol/L, Beijing Solarbio, China). All drugs were
dissolved in DMSO (D5879, Sigma).

2.2 | Real-time quantitative PCR

Total RNA was extracted from BT549, T47D, MDA-MB-231, MDA-
MB-468, MCF7, MDA-MB-453 using Trizol reagent (Thermo Fisher
Scientific), and 1 pg of RNA was reverse transcribed to cDNA using
reverse transcriptase (Vazyme). Real-time quantitative PCR (RT-PCR)
was performed using the SYBR Green | real-time detection kit (Cwbio,
Beijing, China) on a CFX96 Detection System (Bio-Rad). The relative
geneexpressionwasnormalizedto BT549. Primer sequences: GAPDH-
Forward: TGTGGGCATCAATGGATTTGG; GAPDH- Reverse: ACAC
CATGTATTCCGGGTCAAT, GSDME-Forward: TGCCTACGGTGTCA
TTGAGTT; GSDME-Reverse: TCTGGCATGTCTATGAATGCAAA.
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2.3 | CRISPR-Cas9 knockout and siRNA knockdown

We monitored the GSDME knockout cell lines by the CRISPR/
Cas9 technology In brief, two single gRNAs (guide RNAs), sgl
5-CACCGAGCTGCCACCACCATTGCCT-3' and sg2 5-AAACAGGC
AATGGTGGTGGCAGCTC-3' for targeting GSDME were cloned into
the vector px458 with similar methods provided by previous work,’
and then, the constructed vector was named px458-GSDME. MDA-
MB-231 and T47D cells were seeded with a density of 1 x 10° cells/
wellin 6-well plates, and then transfected with 2 ug of px458-GSDME
plasmid by Lipofectamine 3000 (Invitrogen). After 48 hours, the sta-
ble GFP positive cells were sorted by BD FACSAria Il cell sorter (BD
Biosciences), and the single clones were sorted into a 96-well plate
for 2-3 weeks upon the cell growth rate. Finally, the WB was ap-
plied to determine the protein expression of GSDME in each clone.
For siRNA knockdown, siRNA Caspase-8 (Cat#105023, Invitrogen)
or control siRNA (Cat#4404020, Invitrogen) was transfected into
the MDA-MB-231 and T47D cells with 70% cell confluence by using
Lipofectamine RNAIMAX reagent (Invitrogen) according to the man-
ufacturer's instructions. After 72 hours, transfected MDA-MB-231
and T47D cells were treated with drugs and subjected to subsequent

analyses.

2.4 | Cell viability assays

MDA-MB-231 and T47D cells were seeded into 96-well culture
plates with 3000 cells per well and treated with different doses and
different drugs for 8 hours. Cell viability was detected with a mi-
croplate reader (Mannedorf, Switzerland) by using the Cell Counting
Kit-8 assay (Dojindo) according to the manufacturer's manual. Each
experiment was repeated three times.

2.5 | Pyroptosis evaluation by microscopy imaging

To examine the morphology of apoptotic and pyroptotic cells, cells
were first seeded in 6-well culture plates at about 40% cell conflu-
ency and then treated with different drugs. Static bright field images
were captured using a Leica microscope. All image data representa-

tives of at least three were randomly fields.

2.6 | Protein extraction and Western blot

Cells were lysed in RIPA Lysis and Extraction Buffer (Cat#89900,
Thermo, USA). Protein concentrations of the cell lysates were de-
termined with Bradford Assay (Bio-Rad). Protein lysates were then
subjected to 4%-20% Tris-Glycine SDS PAGE and then transferred
onto PVDF membranes. The membranes were blocked in 5% milk-
Tris-buffered saline with 0.1% Tween (TBST) at 25°C for 1h and then
incubated with primary antibodies at 4°C overnight. On the next

day, the membranes were washed by TBST thrice before incubation

with horseradish peroxidase-conjugated secondary antibodies (Cell
Signalling) at 25°C for 1 hour. The protein expression band was visual-
ized by ECL chemiluminescence (Promega). Primary antibodies against
GSDMD, GSDME and Caspase-1/-3/-9 were purchased from Abcam
(Cambridge, USA), antibodies against Caspase-7/-8 and p-actin were
purchased from Cell Signalling Technology, and antibodies against JNK
and p-JNK were purchased from Santa Cruz Biotechnology.

2.7 | Measurement of ROS

The ROS levels were measured by a ROS Assay with DCFH-DA
(Beijing Solarbio). After treatment with drugs for 8 hours, cells were
washed with PBS and stained with10 uM DCFH-DA for 30 minutes
at 37°C under dark conditions. The level of ROS was determined by
FACSC calibur flow cytometer (BD Biosciences, USA).

2.8 | Statistical analysis

Each experiment was repeated three times. Data are presented as
the means + SD. Student's t test or one-way ANOVA was performed
to compare the differences among the groups. Statistical analyses
were performed with SPSS 18.0 software (SPSS Inc). P < .05 was
considered statistically significant.

3 | RESULTS

3.1 | Doxorubicin induces cell death through
pyroptosis in breast cancer cells

To evaluate the Doxorubicin drug effects and their induced py-
roptosis on breast cancer cells, we compared the reactions of five
common clinical chemotherapy drugs including PTX(Paclitaxel),
DDP(Cisplatin), DOX(Doxorubicin), CTX(Cyclophosphamide) and
5-FU(5-fluorouracil) in two human breast carcinoma cell lines, MDA-
MB-231 and T47D, and the CCK-8 assays were performed to detect
the cell viability (Figure 1). As predicted, the result showed that all
chemotherapy drugs induced cell death in both MDA-MB-231 and
T47D breast cancer cell lines. Curiously, the higher was the drug con-
centration, the smaller was the cell viability rate; this justified the
hypothesis that chemotherapy drugs induce cell death in breast car-
cinoma cell lines in a dose-dependent way (Figure 1A). In addition,
cells were observed through a Leica microscope to judge the involved
cell death reaction. Morphologically, all treated cells were releasing
large bubbles from the plasma membrane, and knowing the fact that
pyroptosis was defined in a previous study as the expansion of LDH
release flanked by distinctive bubbles that emerged from the cell
membrane, we concluded that drugs treatment had induced typical
pyroptotic morphology (Figure 1B).1%!2 Meanwhile, DOX treatment
showed the severest drug-induced pyroptosis in both MDA-MB-231

and T47D breast cancer cell lines, followed by the DDP treatments.
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3.2 | GSDME cleavage is sufficient to mediate DOX-
induced pyroptosis

To verify which Gasdermin protein could be involved in drug
pyroptosis-induced in breast cancer cells, we assessed the protein
expression of GSDME and GSDMD by Western blotting. We found
that the protein expression of cleaved GSDME (GSDME-N) was
higher in both MDA-MB-231 and T47D breast cancer cell lines under
DOX treatment, which is approximately consistent with the morpho-
logical results (Figure 1C). In contrast, the protein expressions of all
cleaved GSDMD (GSDMD-C) were minimized in all treated cells,
with a slight augmentation in DOX treatment and stable expression
under DDP (Figure 1C). Therefore, this couple of results ascertained
that GSDME was the key instigator of DOX-induced pyroptosis. In

summary, we found that all chemotherapy drugs may lead to pyrop-
tosis and GSDME cleavage in breast cancer cells. Also, DOX had the
strongest ability to induce pyroptosis and the utmost GSDME cleav-
age among all drugs. Thus, the GSDME should be considered as the

major regulator of pyroptosis-induced cell death.*®

3.3 | Doxorubicin induces pyroptosis in the
Caspase-dependent pyroptosis pathway

Previous studies have exposed the split of Gasdermin family
proteins as a pivotal reaction in cell pyroptosis, and that DOX
treatment-induced nephrotoxicity in cultured human renal tu-
bular epithelial cells through Caspase 3/GSDME-dependent
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FIGURE 1 Chemotherapy drugs inhibit cell growth and induce cell pyroptosis in breast cancer cells. MDA-MB-231 and T47D cells were
treated with different doses chemotherapy drugs for 12 h. (A) Cell viability of MDA-MB-231 and T47D was determined using the CCK8 assay.
(B) Representative microscopic images of MDA-MB-231 and T47D after treated with PTX (0.1 umol/L), DDP (50 umol/L), DOX(1.1 umol/L),
CTX (200 umol/L) and 5-FU (114 umol/L). Red arrowheads point to the characteristic balloon in the cell membrane. Scale bar, 25 um. (C) and
(D) Western blot images for the expression of GSDME and GSDMD with B-actin as loading control for MDA-MB-231 and T47D cells
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pyroptosis.'* However, it is believed that pyroptosis reactions
were stimulated and mediated by GSDMD/caspase-1 which
released pro-inflammatory actors like, cytokines, NLRP3 and
interleukin-1p (IL-1p and 1L-18).14%> Here, we sought to verify
the specificity of the Caspase protein involved in DOX-induced
pyroptosis on breast cancer cells by evaluating the protein ex-
pression of NLRP3 and interleukin-1p in both MDA-MB-231 and
T47D cell lines. The Western blot results showed that the pro-
tein expression of c-Caspase-1 in cells under DOX treatment was
lightly reduced within 24h, while that of both the GSDMD-F and
GSDMD-C barely changed (Figure 2A,B). This result attested that
DOX-induced pyroptosis is not mediated by the GSDMD/Caspase-
1-dependent canonical inflammasome pathway. Moreover, the
expression pattern of IL-18 and NLRP3 showed no significant
changes between control and treated cells (Figure 2C,D), reinforc-
ing the proof of their non-participation in the involved canonical
inflammasome pathway.

Therefore, we decided to compare the expression levels of three
caspase proteins (caspasel/7 and 8) with that of both GSDME and

Treatment times (h)

GSDMD by Western blotting and found that the up-regulation
GSDME-N was correlating with that of c-Caspase-3 c-Caspase-7
and c-Caspase-8 protein in the treated cell lines (Figure 2E,F),
Simultaneously, the JNK’s expression was stable during the whole pro-
cess while the phosphorylated JNK(p-JNK) was gradually upgraded
(Figure 2E,F), indicating the ROS/JNK pathway might be activated.

3.4 | Pyroptosis mediated by GSDME is activated
by the ROS/JNK signalling in breast cancer cells

Pyroptosis reactions were enhanced by caspase-3 during the mi-
tochondrial apoptosis mainly mediated by ROS/JNK/Bax signalling
pathway.® Thus, we monitored the dynamics of the intracellular ROS
production in breast cells under DOX treatment. As expected, the
ROS level was significantly increased with the DOX treatment after
24 hours (Figure 3A). Then, to evaluate the ROX effect, we reduced
the ROS level by using the NAC inhibitor of ROS, and the NAC indeed
reduced about 50% intracellular production of ROS in cells under
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DOX treatment (Figure 3B). We further, analyzed the protein ex-
pression level of the key molecules including GSDME-N, GSDME-F,
JNK, p-JNK, caspase 3,7 and 9 through a Western blot assay. Our
result displayed a collective reduction of the protein expressions of
all these key molecules, except for that of the GSDME-F which was
upgraded (Figure 3C). This proves that DOX-induced phosphoryla-
tion of JNK is decreased by NAC application, and linked the DOX-
induced ROS to the JNK pathway. Also, the addition of NAC strongly
improved the cell viability in treated cells (Figure 3D,E). Taken to-
gether these data evinced that DOX-induced ROS played an impor-
tant role in this GSDME-dependent pyroptosis pathway as well, and
c-Caspase-3 and c-Caspase-9.

3.5 | DOX-induced pyroptosis could be rescued

Since the activity of Caspase-3 is regulated by Caspase-8, we

supposed that modulating the expression of Caspase-8 might
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affect cell-induced pyroptosis reactions.'®'” To verify this hy-
pothesis, we knocked down the protein expression of Caspase-8
with a target-specific siRNA (si-Cas8) in two cell lines and de-
tected the protein level of GSDME-N, GSDME-F, caspase 3/7/8
under the DOX treatment via Western blot analysis. Interestingly,
the knockdown of Caspase 8 resulted in a heavy reduction
of Caspase-3 protein's expression. Likewise, the protein level
of Caspase-7 was lightly dismissed while that of the cleaved
GSDME-N also decreased remarkably when compared to the
control cells (Figure 4A). These results showed Caspase-8 as up-
stream of Caspase-3, and Caspase-7 reaction could play key roles
in pyroptosis’ modulation in cancerous cells. To confirm the role
of GSDME/DOX-induced pyroptosis, we knock out the expres-
sion of GSDME in MDA-MB-231 and T47D cell lines by using the
CRISPR/Cas9 technology and evaluated both its DOX-induced
protein expression and cell viability through the Western blot
and CCK8 assay, respectively. We found that the protein ex-
pression of GSDME-F was almost inexistent after the CRISPR/
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FIGURE 3 ROS/JNK signalling activates the pyroptosis mediated by GSDME in breast cancer cells. (A) The ROS levels of MDA-MB-231
and T47D cells treated with doxorubicin were measured by a ROS assay at different time. (B) The effect of NAC on the ROS levels of
MDA-MB-231 and T47D cells in the presence of doxorubicin treatment for 12 h was assessed by the ROS assay. (C) The effect of NAC on
the protein levels of key factors in pyroptosis in MDA-MB-231 and T47D cells with the doxorubicin treatment for 12 h was assessed by

the Western blot. (D) and (E) The effect of NAC on the cell viability of MDA-MB-231 and T47D cells with the doxorubicin treatment was
detected by the CCK8 assay. The representative microscopic images of MDA-MB-231 and T47D showed the pyroptosis morphology. Red
arrowheads point to the characteristic balloon in the cell membrane. Scale bar, 25 um. To compare the differences among groups, statistical
analyses were monitored using Student’s t-test or one-way ANOVA in SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). With: ** = p < 0.01,
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Cas9 assay, proof of its successful application and that the cell
viability was improved in treated cells with a knocked out GSDME
(GSDME-KO) (Figure 4B,C). Then, using the CCK8 and microscopy
assays, we compared the DOX-induced pyroptosis between si-
Cas8 cell, GSDME-KO and the control. As displayed by Figure 4D
DOX-induced cell viabilities were ameliorated in both si-Cas8
and GSDME-KO cells, as well as the pyroptosis effects, were re-
markably mitigated, with most significances in GSDME-KO cells.
Taken together, these results showed that pyroptosis mediated by
GSDME in breast cancer cells could be rescued by reducing the
protein level of active Caspase-3, Caspase-8 or direct inhibition
of GSDME.

4 | DISCUSSION

Unlike necrotic cell death, pyroptosis occurs in a specific and distin-

guished pathway that is usually connected with innate immunity.*”*¢

Nowadays, researchers have identified three main pathways

that mediate the pyroptosis including the Caspase-1 dependent
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canonical inflammasome pathway, the Caspase-4/5/11 dependent
non-canonical inflammasome pathway, and Caspase-3 dependent
pyroptotic pathway. Recently, a study revealed a tight linkage be-
tween the cleavage of GSDME and secondary necrosis after apop-
tosis or pyroptosis.19

Doxorubicin is widely recognized as a valuable chemotherapy
drug in the nursing of various cancers, however also call ‘red devil’
the drug has many side effects on patients including mouth sores,
hair loss, nausea and in certain cases harsh cardiotoxicity which
is mainly characterized by pyroptotic reactions. Studies on lung
cancer and melanoma demonstrated that DOX treatment strongly
induced pyroptosis as side effects.?%?! Meanwhile, another study
has reported that DOX generated the overflow of mitochondrial
ROS, stimulated cellular ROS outflow reactions and caused signif-
icant damages in human umbilical vein endothelial cells.?? Hyper-
accumulation of ROS also is acknowledged as a serious repressive
reaction in various cell signalling pathways, it generates cell death
by stimulating the MAPK signalling network.?®?* A recent study
demonstrated that demethylation of GSDME using decitabine
treatment (DAC), induced pyrolysis in mouse colon cancer cells
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protein levels of key factors including the GSDME-N. (B) Verification of the GSDME knockout cell lines. (C) Knockout of the GSDME

may significantly increase the cell viability of MDA-MB-231 and T47D cells under the doxorubicin treatment. (D) Both knockdown of the
Caspase-8 and knockout of the GSDME may rescue the doxorubicin treated cells from pyroptosis. To compare the differences among
groups, statistical analyses were monitored using Student’s t-test or one-way ANOVA in SPSS 18.0 software (SPSS Inc., Chicago, IL, USA).
With: *** =p < 0.001, ns = p > = 0.05
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Pyroptosis

and breast carcinoma cells under chemotherapy nanomedicines.?’

In breast cancer, the cell survival rate is strongly linked to the ex-
pression of the Gasdermin B gene (GSDMB). Reports on HER2-
positive breast cancer indicated that overexpression of GSDMB
reduced cell viability and promoted the rate of metastasis. This
discovery suggested GSDMB as a novel for the evaluation and
prognosis of breast cancer while another study, the known out
of GSDME strongly inhibited PTX-induced pyroptosis in MCF-7
breast cancer cell.2%?7

Adriamycin (Doxorubicin) is frequently described as a prior
treatment to both early-stage and metastatic breast cancer; it is
generally prescribed with other supplemental drugs.?® However,
whether the DOX-induced pyroptosis in breast cancer cells is still
puzzling. In this study, we attempted to show demonstrated that
DOX chemotherapy can induce severe pyroptosis in human breast
cancer cells. Thus, we evaluated the drug-induced pyroptosis of
five clinical chemotherapy drugs in two cultivate breast cancer
cell lines namely MDA-MB-231 and T47D and we found that DOX
treatment generated the strongest pyroptosis effect among all
tested drugs (Figure 1A,B). This implies that breast cancer che-
motherapy via DOX requires deeper investigation to achieve its
greater amelioration.

It has been reported that chemotherapy drugs may induce
pyroptosis through Caspase-3-dependent cleavage of GSDME®.
From this perspective, we further analysed the protein expres-
sions of the cleaved GSDME in breast cancer cells under the
above five drugs. The highest GSDME cleavage observed in DOX
treated cells asserted that DOX induces pyroptosis in breast can-
cer cells via a Caspase-GSDME pathway (Figure 1C,D). However,
most studies have disclosed the caspase-1 as the prominent regu-

lator in various cancers, characterized by the discharge of several

L
‘L-

FIGURE 5 Potential mechanism of
DOX-induced pyroptosis in breast cancer
cell
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pro-inflammatory elements like released pro-inflammatory ac-
tors like NLRP3 and L-1p into the cytoplasm.29 In this inquiry, the
protein expression of c-Caspase-1 in breast cancer cells under
DOX treatment was lightly reduced within 24 hours, while the
expression patterns of GSDMD-F, GSDMD-C IL-1p and NLRP3
hardly changed (Figure 2A, B, C and D). This upshot excluded the
Caspase-1-dependent canonical inflammasome pathway role in
breast cancer cell DOX-induced pyroptosis. Hence, the compara-
tive analysis of the protein expressions of three different caspases
indicated that adjoining the expected caspase-3, the c-Caspase-7
and c-Caspase-8 protein were also amplified (Figure 2E,F), con-
firming the enrolment of the caspase-GSDME pathway in DOX-
induced pyroptosis.

The caspase-GSDME pathway is usually associated with in-
tracellular ROS production in cancerous cells. Many researchers
have targeted the relation between the caspase-GSDME pathway
and ROS signalling, revealing various enlighten results. For exam-
ple, in melanoma cells, iron-activated ROS engenders pyroptosis
through the Tom20-Bax-caspase-GSDME pathway. The author
demonstrated that the caspase-3 was activated by cytochrome c
freed during the oxidation of protein Tom20.%* Here, the increased
accumulation of ROS in a time-dependent manner and its reduc-
tion were observed during induced ROS inhibition MDA-MB-231
and T47D cell lines under DOX treatment (Figure 3A,B). Likewise,
the cell viability and imagery essays displayed important im-
provements and notable abolitions of pyroptosis effects in ROX
inhibited cancer cells, respectively. However, protein expression
of GSDME-N, GSDME-F, JNK, p-JNK, caspase 3, caspase-7 and
caspase-9 were all decreased, while that of the GSDME-F was
upgraded (Figure 3C,D and E). These results indicated that ROS

actively participated in responsive reactions of the breast cancer
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cell to DOX treatment and Caspase-3-mediated GSDME induced
pyroptosis, notably through ROS /JNK pathway.

Base on resemblances between protein expressions of c-
caspase-3 and c-caspase-8 in Caspase-GSDME pathway essays,
we performed two independent experiments to evaluate the role
of c-caspase-8 in DOX-induced pyroptosis, since previous studies
had emphasized the implication on c-caspase-3. In this study, the
reduction of the protein expression levels of both the Caspase-3
and the cleaved GSDME-N in si-Cas8 cells revealed the crosstalk
between c-caspase-8 reactions and that of GSDME (Figure 4A).
Also, DOX-induced cell viabilities were improved in both si-Cas8 and
GSDME-KO cells as well as the reduction pyroptosis effects, with
most significances in GSDME-KO cells. This encouraging discovery
may provide a new strategy to develop clinical therapy for breast
cancer (Figure 4B, C, D and E). These results showed that to alleviate
the side effects of pyroptosis mediated by GSDME in breast cancer
cells researchers can target the protein Caspase-3, or Caspase-8, or
direct knockdown of GSDME.

Finally, we can disclose two faces of the ROS /JNK pathway,
verified by multiple experimental results. Perhaps, in the two
breast cancer cell lines, DOX treatment-induced ROS accumu-
lation, which subsequently promoted the phosphorylation of
JNK into p-JNK; the latter will further activate the key regulator
Caspase-3 through cascade reaction. On the other hand, DOX-
activated ROS affects the cleavage of Caspase-8; the c-Caspase-8
would promote the cleavage of Caspase-3, the c-Caspase-3 will
induce the cleavage of GSDME, and triggered pyroptosis of breast

cancer cells (Figure 5).

5 | CONCLUSIONS

In sum, the present study provided supporting data on DOX-induced
pyroptosis in human cancers, highlighting its effect in human breast
cancers for the first time, and confirmed three different targets for
DOX-induced pyroptosis chemotherapy. Therefore, pyroptosis side
effects are emerging as ubiquitous in many human cancers; thus,
deeper studies are required with a focus on finding novel chemo-
therapies for pyroptosis in anti-breast cancer and tumour diseases

in general.
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