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Abstract

Chemotherapeutic agents remain the first-line treatment for solid tumors, including lung cancer, but
chemotherapy resistance is hampering global efforts to treat this disease. CC-115 is a novel antitumoral
compound used in phase | clinical trials. However, it is unclear whether CC-115 is effective against lung
adenocarcinoma (LUAD). In the present study, we found that CC-115 induced lytic cell death in A549
and H1650 tumor cells via swelling of cells and formation of large bubbles on the plasma membrane that
closely resembled those typical of pyroptosis, a type of programmed cell death linked to chemotherapy.
We demonstrated that CC-115 exerts antitumor effects in LUAD through gasdermin E
(GSDME)-mediated pyroptosis by acting as a dual inhibitor of DNA-PK and mTOR. CC-115 can inhibit
Akt phosphorylation, impairing its inhibitory effect on Bax, thereby inducing pyroptosis via the
Bax-mitochondrial intrinsic pathway. CC-115-induced pyroptosis was abrogated by treatment with the
Akt activator SC79 or by depletion of Bax. Importantly, CC-115 significantly upregulated the expression
of Bax and GSDME-N in a xenograft mouse model, with a reduction in tumor size. Our results revealed
that CC-115 suppresses tumor growth by inducing GSDME-mediated pyroptosis through the
Akt/Bax-mitochondrial intrinsic pathway, indicating CC-115 as a promising therapeutic agent for LUAD.
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Introduction
According to the latest global cancer statistics,
lung cancer remains the leading cause of

cancer-related deaths, accounting for 18% of deaths of
all patients with cancer worldwide. In China, 19% of
cancer-related mortality is attributable to lung cancer
[1], which is perhaps due to the increasing number of
patients with lung cancer being young smokers [2].
According to histopathological staging, 85% of lung
cancers are non-small cell lung cancer, of which lung
adenocarcinoma (LUAD) is the most common
subtype (50% of cases) [3]. Currently, the early
diagnosis rate of lung cancer in China is very low, and
the 5-year survival rate is only about 15.6%, mainly
because approximately 75% of patients have an

advanced disease at the time of diagnosis [4, 5].
Chemotherapy is the first-line treatment for advanced
lung cancer. However, with the widespread use of
chemotherapeutic drugs, more than 60% of patients
develop chemoresistance, resulting in poor chemo-
therapeutic efficacy [6-8]. Therefore, exploring novel
chemotherapeutic agents to overcome chemoresistant
environments is key to improving the poor prognosis
of patients with LUAD.

Strategies to overcome chemoresistance in
cancer include three main aspects: mRNA modifi-
cation, non-coding RNA modification, and post-
translational modification of molecules, including
drug target modification and cell death resistance [9-
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11]. Regarding cell death mode, numerous studies
have shown that pyroptosis can influence cancer
development and play an important role in cancer
chemotherapy [12, 13]. Pyroptosis is a type of
programmed cell death that is distinct from apoptosis
and necrosis. It is characterized by swelling of cells
and the appearance of large bubbles on the plasma
membrane [14-16]. Pyroptosis can be divided into
two major types: in one type, caspase-1 activation
cleaves gasdermin D (GSDMD) into a GSDMD-N
fragment [14, 17], and in the other type, caspase-3
activation cleaves gasdermin E (GSDME) into a
GSDME-N fragment, both with pore-forming activity
[17-19]. The GSDME-N fragment, which recognizes
and binds to cardiolipin and phosphatidylinositol,
forms a large number of pores and thus triggers cell
pyroptosis [20, 21]. This mechanism is one of the
major causes of cell death after chemotherapy [22-24].

The Pyroptosis Compound Library (Selleck
Chemicals, Houston, TX, USA) of 441 compounds has
been used for high-throughput screening of potential
novel chemotherapeutic agents. The library includes
compounds with diverse structures, high purity,
pharmaceutical activity, cell permeability, and a
modulating effect on pyroptosis, some of which are
Food and Drug Administration-approved com-
pounds. Our previous experiments at the cellular
level revealed that CC-115, among these compounds,
exhibits the strongest cytotoxic effect on LUAD cells.
CC-115 is a dual inhibitor of the DNA-dependent
protein kinase (DNA-PK) and the mammalian target
of rapamycin (mTOR) [25]. The in vitro antitumor
effects of CC-115 have been demonstrated in breast
and renal cancers as well as in hematologic cancers
[26-28].

Importantly, CC-115 has good physicochemical
and pharmacokinetic properties and safe in vitro and
in vivo profiles. Additionally, CC-115 activates the in
vivo mTOR pathway and inhibits tumor growth [29-
31]. Other PI3K/mTOR inhibitors such as 1.Y3023414
[32-35] and voxtalisib (SAR245409, XL765) [36-38], in
combination with standard chemotherapeutic agents,
have shown efficient antitumor effects in animal
models and human xenografts, respectively. There-
fore, we speculate that CC-115 has similar effects in
LUAD. In this study, we aimed to clarify the mole-
cular mechanism by which CC-115 induces pyroptosis
of LUAD cells and demonstrate its potential as a novel
chemotherapeutic agent for this disease.

Materials and Methods

Reagents

Primary antibodies against DNA-PK (19983-
1-AP), mTOR (28273-1-AP), p-mTOR (67778-1-Ig),

S6K1 (14485-1-AP), Akt (10176-2-AP), p-Akt (66444-
1-Ig), Bax (50599-2-Ig), cytochrome c (10993-1-AP),
and GAPDH (60004-1-Ig), as well as secondary
antibodies, were obtained from Proteintech Group,
Inc. (Wuhan, China). Primary antibodies against
caspase-1 (ab179515), GSDMD (ab219800), GSDMD-N
(ab215203), caspase-3 (ab32351), GSDME and
GSDME-N (ab215191), and p-DNA-PK (ab124918)
were purchased from Abcam (Cambridge, MA, USA).
Anti-yH2AX (9718) and anti-p-S6K1 (9205S) were
purchased from Cell Signaling Technology (Danvers,
MA, USA). The Pyroptosis Compound Library
(L7400), CC-115 (S7891), and the Akt activator SC79
(57863) were purchased from Selleck Chemicals
(Houston, TX, USA).

Cell Culture

Human LUAD cell lines (A549 and H1650) were
purchased from the American Type Culture
Collection (Manassas, VA, USA) and authenticated
using STR DNA profiling analysis. The STR appraisal
reports were issued by Procell Life Science &
Technology Co (Wuhan, China). Both cell lines were
maintained in RPMI-1640 medium supplemented
with 10% fetal bovine serum, 10 mM L-glutamine, and
5 mg/mL penicillin/streptomycin at 37 °C under 5%
CO». All media and supplements were purchased
from Invitrogen (Carlsbad, CA, USA).

Cell Viability Assay

The Pyroptosis Compound Library of 441
compounds was stored as 10 mM stock solutions in
dimethyl sulfoxide at 4 °C until use. The LUAD cells
were seeded in 96-well plates at 5000 cells per well
and incubated overnight in a cell incubator at 37 °C
under 5% CO.,. Thereafter, the cells were treated with
10 pM of each compound of the Pyroptosis
Compound Library for 24 h and cell viability was
measured using a Cell Counting Kit-8 (CCK-;
Beyotime Biotech, Beijing, China); the absorbance of
the samples was recorded at 450 nm.

Colony Formation Assay

Briefly, A549 cells were seeded in 60-mm plates
at a density of 500 cells per well after treatment with
CC-115 at different concentrations. Thereafter, the
cells were cultured for 10 days, with medium renewal
every 3 days. Finally, the colonies were washed with
PBS, stained with 0.05% crystal violet, and manually
counted.

BrdU ELISA Assay

Following treatment with CC-115, a BrdU
enzyme-linked immunosorbent assay (ELISA) kit
(Beyotime Biotech, Beijing, China) was used to
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determine cell growth. The absorbance of the samples
was recorded at 450 nm.

Western Blotting

Western blot assays were performed as
previously described [7, 39]. For signal development,
the blotted proteins were conjugated with chemilumi-
nescent horseradish peroxidase substrate (Millipore-
Sigma, Burlington, MA, USA), visualized, and quanti-
fied using Quantity (ver 5.2; Bio-Rad Laboratories,
Hercules, CA, USA), according to the manufacturer’s
instructions.

Total RNA Extraction and qRT-PCR

The total RNA was extracted using a Total RNA
Extraction Kit (Solarbio, Beijing, China), according to
the manufacturer’s instructions, and reverse trans-
cribed using an iScript cDNA Synthesis Kit (Bio-Rad
Laboratories) [39]. Next, qRT-PCR was performed
using a CFX96 Real-time System (Bio-Rad Labora-
tories) with SYBR Green Supermix (Bio-Rad
Laboratories). Both steps were performed according
to the manufacturer’s instructions. f-Actin was used
as the internal control for qRT-PCR analysis. The
sequences of the primers used in this study were as
follows: GSDME-F, ATGTTTGCCAAAGCAACCA
GGA; GSDME-R, TCATGAATGTTCTCTGCCTAAA
GCACA; Bax-F, CTCAGGATGCGTCCACCAAG
AAG;  Bax-R,  CTGTGTCCACGGCGGCAATC;
p-actin-F, CCTGGCACCCAGCACAAT; f-actin-R,
GGGCCGGACTCGTCATAC.

GSDME Knockdown and Bax Knockout

For GSDME knockdown, a short hairpin RNA
(shRNA) targeting the si-h-coding sequences was
designed and inserted into a pGMLV-SC5 RNAi
lentiviral vector. The interference target sequences
were as follows: NC: TTCTCCGAACGTGTCACGT;
H_GSDME-shRNAT: GATGATGGAGTATCTGAT
CTT;, H_GSDME-shRNA2: GGATTGTGCAGCGCTT
GTTTG; H_GSDME-shRNA3: GCTTTAGGCAGAG
AACATTCA. GSDME knockdown was performed by
Genomeditech (Shanghai, China). The knockdown
efficiency was evaluated using qRT-PCR and western
blotting. Cells were transfected using Lipofectamine
3000 (Invitrogen) and harvested after 48 h for further
experiments. To generate Bax-knockout cells, a pair of
short guide-RNA was produced by RiboBio Co., Ltd.
(Guangzhou, China): forward: 5-CACCGGTTTCA
TCCAGGATCGAGCA-3'; reverse: 5-AAACTGCTCG
ATCCTGGATGAAACC-3'. BAX short guide-RNA
plasmids were then transfected into A549 and H1650
cells using Lipofectamine 3000 (Invitrogen). The
knockout efficiency was evaluated using qRT-PCR
and western blotting.

Immunofluorescence and Immunohistochem-
istry

Immunofluorescence [39] and immunohisto-
chemistry [7] assays were performed as previously
reported. In both cases, images were acquired using
an Olympus BX51 microscope (Olympus Corporation,
Tokyo, Japan) equipped with various objective lenses
(10x%, 20%, and 40%) and a DP50 camera. Images were
processed using DPC controller software (Olympus
Corporation).

Lactase Dehydrogenase (LDH) and IL-18
Release Assay

LDH release was tested using an LDH
Cytotoxicity Assay Kit (Beyotime Biotech). The level
of IL-1p was measured using a QuantiCyto IL-1p
ELISA Kit (Enzyme-linked Biotechnology, Shanghai,
China), according to the manufacturer’s instructions.
The absorbance of the samples was measured at
450 nm.

Flow Cytometry

An Annexin V-PE/7-AAD Detection Kit (Key-
GEN, Jiangsu, China) was used to measure pyroptosis
using flow cytometry, according to the manufac-
turer’s instructions. A flow cytometer (FACSCalibur,
BD Biosciences, Franklin Lakes, NJ, USA) and its
software FlowJo were used to analyze the cells.

Mitochondrial Membrane Potential Assay

A JC-10 Mitochondrial Membrane Potential
Assay Kit (Solarbio) was used to assess the changes in
mitochondrial membrane potential in A549 and
H1650 cells after treatment with CC-115 and/or SC79
for 48 h, according to the manufacturer’s instructions.
The cells were stained with JC-10 working solution for
15 min at 37 °C, washed twice with JC-10 staining
buffer, and observed under an Olympus BX51
microscope (Olympus Corporation). The JC-10
aggregate to monomer ratio was analyzed using DPC
controller software (Olympus Corporation).

Xenograft Mouse Model

All xenograft experiments were performed
following the guidelines of the Laboratory Animal
Ethical Committee of Chengdu Medical College. All
experimental protocols were approved by the
Laboratory Animal Ethical Committee at Chengdu
Medical College. A subcutaneous xenograft mouse
model of LUAD was established to explore the
therapeutic potential of CC-115 on LUAD in vivo.
Female BALB/C nude mice (4-5 weeks of age, 14-16 g)
were purchased from Dossy Experimental Animals
Co., Ltd. (Chengdu, China). Before conducting the
experiments, the mice were randomly assigned to
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four treatment groups of five mice each: normal
control (NC), CC-115, NC + si-GSDNE, and CC-115 +
si-GSDNE. A549 cells (1 x 109 with or without
GSDME knockdown were suspended in 100 pL of
serum-free RPMI-1640 medium and injected
subcutaneously into the axilla of nude mice. Seven
days after cell implantation, when the tumor volume
was approximately 30-40 mm?, the mice in each
group were intraperitoneally injected with 100 pL of
PBS or CC-115 (2.5 mg/kg per day). Tumor growth
was measured using vernier calipers every 7 days,
and tumor volume was determined using the formula
V = (a x b?)/2, where a and b are the maximum and
minimum diameters in millimeters, respectively.
After 3 weeks, the mice were sacrificed and weighed
immediately after dissection.

Statistical Analysis

Data analysis was performed using GraphPad
Prism v. 7.0 (GraphPad Software, San Diego, CA,
USA). All in vitro experiments were independently
performed at least three times. The results are
presented as mean * standard deviation unless
otherwise indicated. The significance of difference
between experimental groups was determined using
the two-tailed Student’s t-test. Mann-Whitney U-test
was used for data that did not conform to a normal
distribution. P < 0.05 indicated significance.

Results

CC-115 Inhibits LUAD Cell Survival Via Dual
Inhibition of DNA-PK and mTOR

From the 441 Pyroptosis Compound Library, we
selected the 20 most lethal ones to LUAD cells (Figure
S1A). The lethality of these 20 compounds was further
confirmed via secondary screening using the CCK-8
assay (Figure S1B). The results showed that CC-115
(C16H16N8O) was the most potent compound
inhibiting LUAD cell viability (Figure S1C).

To further explore this effect, we gradually
increased CC-115 concentration. The CCK-8 assay
was performed to observe the induction of cell death
by CC-115 after 24-48 h; the colony formation assay
was performed after 48 h of treatment. These assays
indicated that 5 uM was the most lethal concentration
(Figure 1A, B), as observed by a significant reduction
in the viability and inhibition of proliferation of
LUAD cells after 48 h of treatment (A549, H1299, and
H1650; Figure 1C, D). Previous studies have shown
that CC-115 acts as a dual DNA-PK/mTOR inhibitor
[27, 28]. Therefore, we evaluated if its inhibitory effect
on LUAD cell viability might be through
DNA-PK/mTOR pathway. Our results showed that
CC-115 could reduce DNA-PK activity, increase the

expression of the DNA-damage marker yH2AX, and
decrease the expression of the mTOR pathway
markers p-mTOR and p-S6K1 in LUAD cells (Figure
1E, F). Collectively, our results show that CC-115 can
block DNA-PK and mTOR activation and inhibit
LUAD cell survival.

CC-115 Induces Pyroptosis of LUAD Cells

To investigate the effect of CC-115 on LUAD cell
pyroptosis, we treated A549 and H1650 cells with
CC-115 (5 pM) for 48 h. Morphologically,
CC-115-treated A549 and H1650 cells exhibited
swelling and large bubbles (Figure 2A), which closely
resembled the characteristics of cell pyroptosis [12]. In
addition, CC-115 promoted the release of LDH and
the secretion of IL-1p in both cell lines (Figure 2B, C).
Additionally, the flow cytometry analysis showed a
higher number of Annexin V-PE and 7-AAD
double-positive cells under CC-115 treatment than in
the control (Figure 2D). Pyroptosis is triggered by the
N-terminal domain of the gasdermin family members,
of which the two most important members are
GSDMD, cleaved by caspase-1, and GSDME, cleaved
by caspase-3 [15, 19]. Active caspase-1 and GSDMD
cleavage were not observed in CC-115-treated A549
and H1650 cells (Figure 2E). However, CC-115
treatment led to significant levels of both active
caspase-3 and N-terminal fragment of GSDME
(GSDME-N) in both A549 and H1650 cells (Figure 2E).
These results indicate that GSDME rather than
GSDMD  is cleaved during CC-115-induced
pyroptosis in LUAD cells.

GSDME Knockdown Abrogates the
Pyroptosis-Inducing Effect of CC-115 in LUAD
Cells

To investigate whether GSDME is essential for
CC-115-induced pyroptosis of LUAD cells, an shRNA
lentiviral vector was used to stably knockdown
GSDME in A549 and H1650 cells. As shown in Figure
3A, the mRNA and protein levels of GSDME were
reduced by at least 65% by H_GSDME-shRNA3.
Therefore, we selected this ShRNA for the subsequent
experiments. GSDME  knockdown  significantly
decreased the amount of cell swelling and large
bubbles induced by CC-115 in A549 and H1650 cells
(Figure 3B). Moreover, GSDME knockdown attenu-
ated the release of LDH and secretion of IL-1p (Figure
3C, D), and reduced the number of annexin V-PE and
7-AAD double-positive LUAD cells (Figure 3E).
Finally, the increased levels of active caspase-3 and
GSDME-N were reversed by GSDME knockdown
(Figure 3F), suggesting that CC-115 potentially
inhibits LUAD cell survival via GSDME-mediated
pyroptosis.
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Figure 1. CC-115 inhibits LUAD cell survival via the dual inhibition of DNA-PK and mTOR. (A) Results of the CCK-8 assay. A549 cells were treated with CC-115 of different
concentrations for the indicated periods. (B) Colony formation assay in A549 cells with different concentrations of CC-115. (C) The CCK-8 assay in the indicated cell lines. (D)
Bar graph showing the BrdU ELISA assay for determining the proliferation of the indicated cell lines. (E) Western blotting of DNA-PK and mTOR pathway markers in LUAD cells.
(F) Immunofluorescence staining of yH2AX in LUAD cells with or without CC-115 treatment (scale bar, 50 pm). *P <0.05, **P <0.01, **P <0.001, ns: non-significant. Ctl:

control.

CC-115 Regulates GSDME-Dependent
Pyroptosis through Akt/Bax Signaling

We explored the potential molecular mechanism
by which CC-115 might trigger GSDME-dependent
pyroptosis. DNA-PK is a key molecule in the
DNA-damage response and plays an important role
in detecting and repairing DNA double-strand breaks
by non-homologous end-joining [40]. mTOR, a
member of the PI3K protein kinase family, is targeted
by specific inhibitors that not only inhibit mTOR
activity but also directly inhibit Akt activity [41].
Based on the Kyoto Encyclopedia of Genes and
Genomes pathway analysis, we found that both
DNA-PK and mTOR can promote the activation of

Akt. It has been suggested that Akt could inhibit the
expression of Bax through the mitochondrial intrinsic
pathway, thereby suppressing the onset of apoptosis
[42]. Interestingly, it has been reported that the
mitochondrial intrinsic pathway can also mediate cell
pyroptosis via the Bax-caspase-3-GSDME pathway
[43]. We found that CC-115 significantly inhibited Akt
phosphorylation in A549 and H1650 cells, an effect
reversed by the Akt activator SC79 (Figures 4A, S2A).
In addition, the effects of CC-115 on Bax level and
cytochrome c release were reduced by treatment with
SC79 (Figures 4A, S2A). Next, to determine the
changes in the mitochondrial membrane potential of
LUAD cells after CC-115 treatment, we used JC-10
staining. Notably, CC-115 treatment significantly
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decreased the ratio of JC-10 aggregates (red) to
monomers (green), indicating a reduction in
membrane potential in both cell lines after treatment
(Figures 4B, S2B). Interestingly, the SC79 Akt activator
reversed such an effect (Figures 4B, S2B). Consistent
with these results, we observed that SC79 significantly
suppressed the CC-115-induced cell swelling, the
release of LDH and secretion of IL-1f, and the
expression of active-caspase-3 and GSDME-N
(Figures 4C-F, S2C-F). These results indicate that
CC-115 induces GSDME-dependent pyroptosis
through Akt/Bax signaling.

GSDME-Dependent Pyroptosis Induced by
CC-115 is Downstream of the
Bax-Mitochondrial Intrinsic Pathway

To further elucidate the role of Bax in CC-115-
mediated pyroptosis, we generated Bax-knockout
LUAD cells. qRT-PCR and western blotting were
performed to determine the knockout efficiency of
Bax in A549 and H1650 cells (Figure 5A). In Bax
wild-type (WT) cells, CC-115 treatment reduced JC-10
staining, suggesting decreased mitochondrial mem-

A A549

brane potential (Figure 5B). In contrast, Bax knockout
abrogated the effect of CC-115 on mitochondrial
membrane potential (Figure 5B) and the release of
LDH and secretion of IL-1p induced by CC-115
treatment (Figure 5C, D) in A549 and H1650 cells. As
caspase-3 activation is downstream of the
Bax-mitochondrial intrinsic pathway [21,43], we
determined caspase-3 activity in Bax-knockout cells.
Our results showed that CC-115-induced caspase-3
activity was considerably inhibited in A549 and
H1650 Bax-knockout cells (Figure 5E). As expected,
western blotting showed decreased levels of the
N-terminal fragment of GSDME in Bax-knockout cells
and inhibition of GSDME-N generation induced by
CC-115 treatment (Figure 5E). Thus, we conclude that
the Bax-mitochondrial intrinsic pathway is essential
for CC-115-induced GSDME-dependent pyroptosis in
LUAD.

CC-115 Exerts an Antitumor Effect through
GSDME-Dependent Pyroptosis In vivo

As our in vitro results suggested that CC-115
induces GSDME-dependent pyroptosis through the
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Akt/Bax pathway, we explored the therapeutic
potential of CC-115 in vivo. We established a xenograft
model on BALB/C nude mice using WT or
GSDME-knockdown A549 cells (Figure 6A). Although
the tumor weight and volume were comparable
between the GSDME-knockdown (si-GSDME) and
normal control (NC) groups (Figure 6B-D), CC-115
treatment significantly reduced tumor weight and
volume. As expected, GSDME knockdown reduced
the antitumor effect of CC-115, as tumor size
reduction was not very significant (Figure 6B-D).
Immunohistochemistry analysis of the tumors
showed that CC-115 induced Bax, cleaved caspase-3,
and GSDME expression but reduced the level of
p-Akt (Figure 6E). Furthermore, CC-115 promoted the
release of LDH and secretion of IL-1p, but GSDME
knockdown significantly attenuated this effect (Figure
6F, G). These results emphasize that CC-115 inhibits

tumor growth in wvivo by inducing GSDME-
dependent pyroptosis.
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Figure 3. GSDME knockdown abrogates the pyroptosis-inducing effect of CC-115 in LUAD cells. (A) Knockdown efficiency of GSDME determined via qRT-PCR and western
blotting. (B) Representative images of LUAD cells in the indicated groups (scale bar, 50 pm). (C, D) ELISA determination of the release of LDH and secretion of IL-1B in the
indicated groups. (E) Flow cytometry plots showing the percentage of Annexin V PE and 7-AAD double-positive cells in the indicated groups. (F) Western blotting of pyroptosis

markers in the indicated groups. **P < 0.01, **P < 0.001, ns: not significant.
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chemotherapy [53, 54]. Therefore, we selected The
Pyroptosis Compound Library to find a potential
compound for LUAD chemotherapy.

The Pyroptosis Compound Library is a unique
collection of 441 pyroptosis-related compounds that
are structurally diverse, pharmaceutically active,
cell-permeable, and some are FDA-approved, with
potential application in new drug development and
overcoming drug resistance [55]. Among these
compounds, we demonstrated that CC-115 has the
strongest killing effect on LUAD cells (Figure S1);
therefore, we investigated the molecular mechanisms
underlying the anticancer effect of CC-115 on LUAD
cells. Previous studies have shown that CC-115 is a
dual inhibitor of DNA-PK and mTOR and effective
against breast and renal cancers [25, 26]. Consistent
with the findings of these studies, we found that
CC-115 significantly inhibited the viability of LUAD
cells by reducing DNA-PK activity, increasing the
expression of the DNA-damage marker yH2AX, and
decreasing the expression of the mTOR pathway
markers p-mTOR and p-S6K1 (Figure 1). These results
indicate that CC-115 can block DNA-PK and mTOR
activation and inhibit the survival of LUAD cells.

It is well known that cancer cell death consists
mainly of apoptosis, necrosis, autophagy and pyrop-
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tosis [12-16]. Apoptosis is characterized morpholo-
gically by nuclear pyknosis and the formation of
apoptotic body, with the cell membrane remaining
intact. In contrast, pyroptosis is a continuous swelling
of the cell, leading to the rupture of the cell membrane
and the release of the cell contents [17, 20]. In our
study, we found that after CC-115 treatment of lung
adenocarcinoma cells resulted in swelling and large
bubbles with cell membrane rupture (Figure 2A),
which closely resembled the characteristics of
pyroptosis. Moreover, recent studies have revealed a
switch between apoptosis and pyroptosis, in which
caspase-3 and GSDME play a key role [12]. When
GSDME is highly expressed, chemotherapeutic agents
induce tumor cell death through caspase-3-dependent
pyroptosis. When GSDME expression is low, the cell
death mode shifts to apoptosis [12, 56]. In our study,
we found that GSDME was highly expressed in lung
adenocarcinoma cells (Figure 2E). Therefore, we
conducted additional experiments to further explore
whether CC-115 exerts anticancer effects through
pyroptosis. We found that CC-115 could inhibit
LUAD progression by regulating the onset of
pyroptosis mediated by GSDME (Figures 2, 3). This
finding suggests that CC-115 may be a potential drug
with improved therapeutic efficacy.
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Figure 4. CC-115 regulates GSDME-dependent pyroptosis through Akt/Bax signaling. (A) Western blotting of Akt, Bax, and Cyt-c in A549 cells treated with or without CC-115
(5 uM) and/or SC79 (5 uM). (B) Representative images of the mitochondrial membrane potential signal in A549 cells determined using the JC-10 assay in the indicated groups
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(scale bar, 50 pm). (C) Representative bright field images of A549 cells in the indicated groups (scale bar, 50 pm). (D, E) Release of LDH and secretion of IL-1B in A549 cells as
determined using ELISA. (F) Analysis of caspase-3 and GSDME expression using western blotting in A549 cells in the indicated groups. ***P < 0.001.
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Based on the Kyoto Encyclopedia of Genes and
Genomes pathway analysis, we found that both
DNA-PK and mTOR can promote the activation of
Akt. Research has shown that Akt can disturb the
BCL-2/Bax balance and inhibit cytochrome c release,
suppressing apoptosis [57, 58]. Interestingly, it has
been suggested that the mitochondrial intrinsic
pathway can also mediate cell pyroptosis via
Bax-caspase-3-GSDME [59, 60]. In the present study,

we found that CC-115 can significantly inhibit the
phosphorylation of Akt and suppress the inhibitory
effect of Akt on Bax, thus activating the mitochondrial
intrinsic pathway and inducing pyroptosis via
Bax-caspase-3-GSDME (Figures 4, S2). It was expected
that SC79, an Akt activator, would reverse the effects
of CC-115. Similarly, Bax knockout abrogated the
effect of CC-115 on mitochondrial membrane poten-
tial and suppressed the CC-155-mediated increase in
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caspase-3 activity and GSDME-N expression, thereby =~ CC-115-induced GSDME-dependent pyroptosis is
inhibiting the onset of GSDME-dependent pyroptosis ~ downstream of the Akt/Bax-mitochondrial intrinsic
(Figure 5). Consequently, our study demonstrates that ~ pathway.
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Figure 6. CC-115 shows the antitumor effect through GSDME-dependent pyroptosis in vivo. (A) Images of nude mice with subcutaneous xenografts in the indicated groups. (B)
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Figure 7. Diagram of the proposed mechanism and function of CC-115 in LUAD. CC-115 exerts its function as a dual DNA-PK/mTOR inhibitor, suppressing the activity of Akt.
This induces significant mitochondrial damage and triggers caspase-3 activation, which induces GSDME-dependent pyroptosis, ultimately affecting cell survival in lung
adenocarcinoma.
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Finally, to determine the effect of CC-115 on
LUAD in vivo, we established a subcutaneous tumor
xenograft mouse model. We demonstrated that
CC-115 can significantly reduce tumor size, and that
this effect is due to the induction of Bax and
pyroptosis markers, and the suppression of Akt
phosphorylation (Figure 6). These results are
supported by the fact that GSDME knockdown
attenuated the effects of CC-115 on Bax/caspase-3/
GSDME-mediated pyroptosis in wvivo. However,
whether combination therapy enhances the efficacy of
CC-115 remains to be explored; studies should also
focus on the potential mechanism of secondary
pyroptosis.

Conclusions

Our results demonstrated the role of CC-115 in
mediating GSDME-dependent pyroptosis in vitro and
in vivo to regulate LUAD progression. In summary,
we demonstrated that CC-115 is a dual inhibitor of
DNA-PK and mTOR, suppressing Akt activity and
therefore, its effect on Bax. This effect induces
significant =~ mitochondrial = damage, triggering
caspase-3 activation, which in turn induces GSDME-
dependent pyroptosis, ultimately affecting cell
survival in LUAD (Figure 7). In conclusion, CC-115 is
a potential drug to improve the effectiveness of LUAD
chemotherapy.
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