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Abstract

Background and Aim: Cellular senescence, a common outcome of treatments like chemotherapy and radiotherapy,
often acts as a therapeutic hurdle. Our prior investigations revealed that this senescent state is accompanied by the
secretion of the senescence-associated secretory phenotype (SASP), a potent driver of chronic inflammation and a
factor that can paradoxically facilitate tumor progression.

Methods: We investigated the effects of SAHA, alone or combined with the EZH2 inhibitor EPZ-6438, on NSCLC
cell lines. Senescence induction was confirmed via SA-B-galactosidase staining, while cell growth was evaluated
using MTT and colony formation assays. Mechanistic studies, including Western blotting, gPCR for SASP factors,
and immunofluorescence for Cytoplasmic Chromatin Fragments (CCF), were performed to assess the underlying
pathway.

Results: SAHA effectively induced senescence-mediated growth inhibition in A549 and H1299 cells but
simultaneously triggered the SASP. This SAHA-induced SASP was linked to the generation of CCFs, thereby
activating the cGAS-STING pathway. Importantly, the combined administration of SAHA and EPZ-6438
significantly reduced the expression of inflammatory mediators, such as IL6 and IL8. This co-treatment not only
provided superior anti-proliferative activity compared to SAHA alone but also enhanced the suppression by
attenuating the SASP.

Conclusion: Collectively, our data demonstrate that SAHA-induced senescence in NSCLC cells is critically
linked to detrimental SASP production mediated by CCF formation. Crucially, combining SAHA with EZH2
inhibition successfully suppressed the SASP, leading to enhanced growth inhibition, thereby providing a robust
rationale for this combination therapy in NSCLC treatment.

Keywords: Non-small cell lung cancer (NSCLC); Suberoylanilide Hydroxamic Acid (SAHA); Enhancer of zeste
homolog 2(EZH2); senescence; senescence-associated secretory phenotype (SASP)

constitutes the majority of clinical cases (2) Despite

1. Introduction substantial progress in therapeutic modalities, a poor

Lung cancer remains the principal cause of cancer-

related mortality globally (1). Non-small cell lung overall prognosis persists, largely due to the frequent
cancer (NSCLC), encompassing squamous cell occurrence of disease recurrence and therapy
carcinoma, adenocarcinoma, and large-cell carcinoma, resistance(3).
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Cellular senescence, characterized by an irreversible
proliferative arrest, primarily functions as an innate
defense against cancer development (4, 5).
Intriguingly, accumulating data reveal a complex
duality, where chemotherapy-triggered senescence
can sometimes promote tumor relapse(4, 5). A key
aspect of this paradoxical role is the Senescence-
Associated Secretory Phenotype (SASP) (6, 7) This
heterogeneous cocktail of signaling molecules,
including pro-inflammatory cytokines, chemokines,
and growth factors (8-10), initially helps clear pre-
malignant cells. However, when SASP is sustained or
unregulated, it establishes a chronic, pro-tumorigenic
microenvironment that promotes angiogenesis,
epithelial-mesenchymal  transition (EMT), and
proliferation (11-13) The challenge now lies in
optimizing cancer therapy to retain the benefits of
growth arrest while neutralizing the harmful effects of
SASP(14).

The precise mechanism governing SASP induction
involves the formation of cytoplasmic chromatin
fragments (CCFs)—nuclear DNA debris mislocalized
to the cytosol (15-17). These fragments are recognized
by the innate immune sensor cGAS (cyclic GMP—
AMP synthase), which, in turn, leads to the activation
of STING (stimulator of interferon genes), initiates an
inflammatory cascade central to SASP factor
transcription (15, 17, 18). This connection links
genomic instability directly to pro-tumorigenic
signaling.

Histone deacetylases (HDACS) are pivotal regulators
of chromatin structure, functioning through the
removal of acetyl groups from histone lysine residues
(19). Dysregulated HDAC activity is a common
feature across multiple malignancies, positioning
these enzymes as attractive therapeutic targets (20,
21). Among the developed anticancer agents, the
HDAC inhibitor Vorinostat (SAHA) is recognized for
its ability to induce senescence in various cancer cell
types (4,22,23). Furthermore, our group has
previously established a role for enhancer of zeste
homolog 2 (EZH2), a major H3K27
methyltransferase, in promoting both CCF formation
and cGAS-STING pathway activation, contributing to
SASP in both breast and small-cell lung cancer
(SCLC) models (24, 25)

Building upon this mechanistic insight, we
hypothesized that the detrimental SASP phenotype
observed in NSCLC—a distinct and clinically
challenging entity could be effectively attenuated by
combining the HDAC inhibitor SAHA with the EZH2
inhibitor EPZ-6438. Here, we rigorously demonstrate
that while SAHA induces senescence and the
concurrent SASP in A549 and H1299 NSCLC cells,
the addition of EPZ-6438 selectively suppresses SASP
output, significantly boosting SAHA's anti-
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proliferative efficacy. These data propose a novel
strategy for improving NSCLC therapy by specifically
targeting the pro-tumorigenic SASP component of
senescence.

2. Methods

Cell culture

The human NSCLC cell lines NCI-A549 and NCI-
H1299 were sourced from the American Type Culture
Collection (ATCC). Cells were maintained at 37°C in
a humidified 5% CO: atmosphere. The culture
medium used was DMEM supplemented with 10%
fetal bovine serum (FBS) and a standard cocktail of
antibiotics (100 U/mL penicillin, 100 pg/mL
streptomycin). Frozen stocks were used to establish
fresh cultures at two-month intervals to ensure
experimental integrity. Mycoplasma contamination
was routinely assessed at two-month intervals using a
Mycoplasma Test kit (LTO07-218, Lonza, Basel,
Switzerland)

SA-B-galactosidase staining

The SA-B-galactosidase staining buffer (pH 6.0) was
freshly prepared using 20x KC [1.64g K3Fe(CN)6,
2.1g K4Fe(CN)6 3H20 in 50mL PBS] and 20x X-gal
[40mg/ml X-gal in N, N-dimethylformamide], diluted
into PBS containing 1mM MgCl.. Cells were fixed for
15 minutes at room temperature using 0.5%
glutaraldehyde in PBS (pH 7.4). Following fixation
and two washes with PBS/MgCl. (pH 6.0), the
prepared staining solution was administered.
Incubation was performed in the dark at 37 °C for 14—
16 h.

Immunofluorescence

Cells were washed twice with PBS, 4%
paraformaldehyde solution was added to the cells, and
the cells were subsequently fixed for 10 min and rinsed
twice with PBS. Cells were permeabilized with 0.5%
Triton X-100 solution (0.5% Triton X-100 in PBS) for
10 min and washed twice with PBS. Then, using the
TBST solution containing 5% BSA was blocked up
cells for 1 h. Cells were incubated at 4°C with primary
antibody for overnight. And cells were washed three
times for 5 min with TBST solution, and the secondary
antibody was added and incubated for 1 h at 37 °C.
Cells were washed three times for 5 min in TBST
solution again, and then nuclei were stained with 500
nM DAPI for 10 min and observed using a confocal
microscope (OLYMPUS). The antibodies used in the
experiments were as follows: Anti-H3K27me3
(Activemotif, 39535), Anti-yH2AX (Cell Signaling
Technology, 9718S), Anti-yH2AX (Cell Signaling
Technology, 80312S), Goat anti-Rabbit 1gG (H+L)
Cross-Adsorbed Secondary Antibody (Alexa Fluor™
488 (Invitrogen A11008)), Goat anti-Mouse 1gG
(H+L) Highly Cross-Adsorbed Secondary Antibody
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(Alexa Fluor™ 488 (Invitrogen A11029))

CCF assay and quantitative analysis

CCFs were detected via immunofluorescence using
antibodies targeting the DNA damage marker YH2AX
and the repressive chromatin marker H3K27me3.
Following DAPI counterstaining, CCFs were strictly
identified as DAPI-positive foci that co-localized with
both yH2AX and H3K27me3 signals, located
distinctly outside the main nucleus. The frequency of
CCF-positive cells was determined by counting a
minimum of 100 random cells per condition, with all
counting performed independently by two blinded
investigators.

Preparation of Conditional Medium (CM)

A549 and H1299 cells were seeded at 5x10° cells per
10 cm plate. After a 48-hour incubation with the
respective treatments (DMSO, 2 uM SAHA, or 2 uM
SAHA + 0.5 uM EPZ-6438), the culture medium was
removed by aspiration.Cells were gently washed with
PBS and then supplemented with 10 ml of fresh, drug-
free DMEM containing 10% FBS. Following an
additional  24-hour incubation to allow factor
secretion, the conditioned medium (CM) was
collected. Cell debris was removed by centrifugation
(2,500 rpm for 5 min), and the medium was sterilized
using a 0.2 um filter before use in subsequent
experiments.

Measurement of cell proliferation rate

Cell proliferation was quantitatively evaluated using
the conventional MTT assay. NSCLC cells were
plated into 96-well microplates at a density of 2,000
cells per well. The cells were then exposed to the
experimental compounds (SAHA and EPZ-6438) in
DMEM containing 10% FBS for a total period of 72
hours.  Vehicle-treated cells (DMSQO)  were
concurrently run as the negative control group. Cell
viability was monitored at 24-hour intervals. To
facilitate this assessment, 20 pL of the MTT solution
(prepared at a concentration of 5 mg/mL in PBS) was
introduced to each well, and the plates were allowed
to incubate for four hours at 37 °C. Subsequently, the
culture media was carefully removed, and 100 pL of
DMSO was added to fully solubilize the formazan
crystals that had formed. After a brief 10-minute
agitation step, the optical density was quantified
spectrophotometrically at a wavelength of 492 nm.

Colony formation analysis

For the colony formation assay, NSCLC cells were
inoculated into 6-well culture plates at a density of
9,000 cells per well. Cells were initially exposed to
SAHA and EPZ-6438 (in DMEM supplemented with
10% FBS) over a continuous 72-hour period. After this
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phase, the treatment medium was fully aspirated and
replaced with either fresh, untreated DMEM or the
corresponding conditioned medium (CM). Cultures
were maintained for a total of 15 days, with a complete
medium refresh performed every three days. The final
colony formation efficiency was determined by
quantifying the percentage of initial plated cells that
successfully developed into observable colonies.

Western blotting

For protein analysis, cells were collected after a PBS
wash and lysed using 1xLaemmli sample buffer. The
resulting lysates were separated by SDS-PAGE,
followed by transfer to PVDF membranes. The
following  antibodies were used: Anti-IL6
(Immunoway, YT5348), Anti-STING (Abways,
CY7204), Anti-p-STING (Cell Signaling Technology,
19781), Anti-EZH2 (Abways, Q15910), Anti-Cyclin
A2 (Cell Signaling Technology, 67955S), Anti-
H3K27me3 (Activemotif, 39535), Anti-B-actin
(Sigma-Aldrich, A1978), Anti-p21 (Proteintech,
10355-1-AP), Anti-Histone H3 (abcam, ab1791),
Anti-acetyl-Histone H3 (Millipore, 06-599), and
secondary goat anti-mouse and goat anti-rabbit
antibodies (ZSGB-BIO; Beijing, China).

Reverse transcription, PCR, and quantitative real-
time PCR(gPCR) analysis

Total RNA extraction, reverse transcription, and
quantitative PCR (qPCR) were conducted generally
following our established methods (25). Total RNA
was isolated from cells using the RNAiso Plus Kit.
Reverse transcription was carried out using a
commercial Reverse Transcription System to
synthesize cDNA. Target gene quantification was
performed on the cDNA using a 2x Tag Master Mix
kit. Relative gene expression was calculated using the
2—AACt method, normalized to the internal control -
actin mRNA. The primers utilized for gPCR analysis
are listed below: p-actin; sense 5-GAGCACA-
GAGCCTCGCCTTT-3', pB-actin  antisense  5'-
ATCCTTCTGACCCATGCCCA-3', IL-6 sense 5'-
CCCCTGACCCAACCACAAAT-3, IL-6 antisense
5-ATTTGCCG-AAGAGCCCTCAG-3', IL-8 sense
5-GAGTGGACCACACTGCGCCA-3, IL-8
antisense 5'-TCCACAACCCTCTGC-ACCCAGT-3'

Statistical analysis

All data were presented the results of at least three
independent experiments and delineated as mean +
SD. Data were considered statistically significant at P
< 0.05. Statistical analysis was performed using Prism
8 (GraphPad Software).

3. Results
Inhibition of HDAC induces senescence in NSCLC
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cells

To investigate the effect of the HDAC inhibitor
SAHA on NSCLC cells, we treated A549 and H1299
lines with various SAHA concentrations to identify a
senescence-inducing dose. We found that 2 uM SAHA
effectively decreased the expression level of the
proliferation marker Cyclin A2 while significantly
upregulating the senescence-associated marker p21
(Fig. 1A and 1B). This suggested that SAHA promotes
histone acetylation and senescence in Ab549 and
H1299 cells. Time-course analysis using H1299 cells
confirmed that these changes in Cyclin A2 and p21
expression became significant from 60 hours onward
(Fig. 1C). Furthermore, SAHA treatment significantly
increased senescence-related B-galactosidase activity
in both cell lines (Fig. 1D, 1E, 1F). These findings
confirm that SAHA inhibits NSCLC cell growth by
inducing senescence.

HDAC inhibition produces SASP in NSCLC cells

Given that SASP acts as both a marker of senescence
(7) and a promoter of tumor progression (13), we next
assessed whether SAHA also induced SASP in
NSCLC cells. We focused on IL6, a major SASP
factor. Western blot analysis showed an increase in
IL6 protein following SAHA exposure, which was
prominent in A549 cells and observable in H1299 cells
(Fig 2A and 2B). Quantitative PCR (qPCR) further
confirmed a significant transcriptional upregulation of
the key SASP factors IL6 and IL8 in both cell lines
after SAHA treatment (Fig 2C and 2D). Therefore,
SAHA induces not only senescence but also
concomitant SASP secretion in NSCLC cells.

HDAC inhibition induces CCF in NSCLC cells to
produce SASP

CCF production has been linked to SASP induction
triggered by DNA damage and oncogene activation in
previous reports (15). SAHA treatment has also been
reported to induce senescence and CCF
simultaneously in SCLC cells (29). We first confirmed
DNA damage response using immunofluorescence for
yH2AX, which showed increased expression in both
SAHA-treated A549 and H1299 cells (Fig 3A and 3B).
CCFs are characterized by positivity for DAPI,
yH2AX, and H3K27me3 (15). Measuring these
markers, we observed a significant increase in triple-
positive CCFs in SAHA-treated NSCLC cells (Fig 3C-
3F). Since CCFs are recognized by cGAS, leading to
STING-mediated SASP production (15, 17), we
assessed the cGAS-STING pathway. SAHA treatment
increased p-STING expression, and co-treatment with
the STING inhibitor CCCP (29) suppressed both p-
STING and IL6 expression (Fig 3G and 3H). These
results indicate that SAHA-induced SASP in NSCLC
cells is mediated by CCF generation and subsequent
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activation of the cGAS-STING pathway.

EZH2 Inhibitor EPZ-6438 inhibits SASP induced
by SAHA in NSCLC cells

Previous work from our group and others has
established a mechanistic link between EZH2 activity,
the generation of cytoplasmic chromatin fragments
(CCF), and the subsequent secretion of the pro-
tumorigenic SASP in both small cell lung cancer
(SCLC) (25, 26) and breast cancer models (where it
also drives metastasis) (24). Given that EZH2 is a
methyltransferase responsible for H3K27
trimethylation and is frequently overexpressed in lung
malignancies (27), we proceeded to investigate its
therapeutic relevance in NSCLC.

We initially performed a dose—response analysis to
determine the optimal working concentration of the
specific EZH2 inhibitor, EPZ-6438, when used in
conjunction with SAHA (Fig 4A and 4B). By
assessing the resultant H3K27me3 protein levels—a
direct measure of EZH2 enzymatic activity—we
found that effective inhibition was achieved even at
the lowest concentration tested (0.1 uM EPZ-6438
with SAHA). However, to ensure maximal and
sustained pharmacological blockade for the
subsequent functional assays, a robust concentration
of 0.5 UM EPZ-6438 was selected for all combination
treatments.

The combined SAHA/EPZ-6438 regimen resulted in
a substantial reduction in the protein expression of the
SASP factor IL-6 when compared to SAHA alone.
Importantly, the suppression of SASP was achieved
without compromising the core senescence phenotype,
as indicated by the stable expression levels of Cyclin
A2 and p21, which were comparable to the SAHA
single treatment group (Fig 4C and 4D). This SASP
attenuation was further corroborated at the
transcriptional level, showing a significant decrease in
the mRNA abundance of both IL-6 and IL-8 following
the dual inhibition (Figures 4E and 4F).

Inhibition of SASP inhibits the proliferation in
NSCLC cells

We initiated an assessment of the anti-proliferative
efficacy delivered by the combined SAHA and EPZ-
6438 regimen in NSCLC cell lines. MTT assays
clearly demonstrated that this co-treatment provided a
significantly stronger suppression of cell proliferation
compared to SAHA monotherapy (Fig 5A and 5B).
Complementing this, the colony formation assay
revealed that the combination therapy vyielded a
markedly lower survival rate for treated cells than
SAHA administered alone (Fig 5C). To functionally
validate the role of the SASP secretome in promoting
NSCLC growth, we conducted subsequent colony
formation experiments utilizing conditioned medium
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(CM) derived from the treated cells (Fig 5D). The inhibits cancer cell proliferation directly but also does
results showed that the presence of SASP factors so indirectly by attenuating SASP.

enhanced cancer cell growth, whereas their absence

significantly inhibited it (Fig 5F). This indicates that

the EPZ-6438 and SAHA co-treatment not only
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Figure 1. HDAC inhibition induces senescence in NSCLC cells. A, B: The senescence-related proteins and histone acetylation in
A549(A) and H1299(B) cells treated with different concentrations of SAHA for 3 days, assessed using western blotting. C: After
treatment of H1299 cells with 2uM SAHA, the expression levels of senescence-related proteins with treatment time assessed using
western blotting. D: Figure shows the senescence-related B-galactosidase activity of A549 and H1299 cells after treatment with
2uM SAHA for 3 days. Scale bar = 50um. E, F: A549(E) and H1299(F) cells treated with SAHA showed a positive percentage of
senescence-related $-galactosidase activity among more than 100 cells. The replication of individual experiments was three times,
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MRNA levels of IL6 and IL8 in A549 (C) and H1299 (D) cells treated with 2uM SAHA for 3 days. The number of replication = 3,

mRNA levels were quantified by comparison with the level of B-actin mRNA. * P<0.05, * * P<0.01 compared with the

corresponding control.
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Figure 3. The production of CCF by HDAC inhibition in NSCLC cells is associated with SASP. A, B: Using immunofluorescence
images with YH2AX antibodies, assessed DNA damage responses in A549 (A) and H1299 (B) cells. Scale bar = 10um, C, D: Using
yH2AX antibody and H3K27me3 antibody, assessed the development of CCF after SAHA treatment in A549(C) and H1299(D)
cells. Scale bar = 10um, E, F: The incidence of CCF was evaluated by monitoring 100 cells after DMSO and SAHA treatment in

Ab49(E) and H1299(F) cells. Error bars indicate Mean £ SD, n =3, * P<0.05and * * * P<0.001, compared with the control. G,

H: Western blotting evaluated the expression levels of cGAS-STING pathway-associated proteins in A549 (G) and H1299 (H)
cells treated with 2uM SAHA and 10uM CCCP (STING inhibitor), SAHA was treated for 3 days and CCCP was treated for 24 h.
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Figure 4. The inhibition of HDAC and EZH2 inhibited SASP in NSCLC cells. A, B: A549 (A) and H1299 (B) cells were treated
with 2uM SAHA and different concentrations of EPZ-6438 and analyzed after 3 days. H3 was used as a control. C, D: After 3 days
of treatment with 2uM SAHA and 0.5uM EPZ-6438, the expression levels of senescence-related proteins and IL6 proteins were
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used to evaluate using western blotting in A549(C) and H1299(D) cells. E, F: Treatment of A549(E) and H1299(F) cells was
performed as above and mRNA levels of IL6 and IL8 were examined using RT-PCR. mRNA levels were quantified by comparison

with the levels of B-actin mRNA, * P<0.05, * * P<0.01, * * * P<0.001 were marked as compared to the control.
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Figure 5. The antiproliferative effect of SAHA in NSCLC cells is enhanced by inhibition of SASP. A, B: Using the MTT assays,
the proliferation rate of cells was evaluated at 1-day intervals in A549 (A) and H1299 (B) cells co-treated with 2uM SAHA or 2uM
SAHA and 0.5uM EPZ-6438. The value of each treatment was estimated as the percentage of proliferation compared to the control
group using the untreated (UT) group as a control. C: A549 and H1299 cells were treated with DMSO, 2uM SAHA or 2uM SAHA
and 0.5pM EPZ-6438 for 3 days, and after 15 days the percentage of colony formation was shown compared to DMSO treatment.
Each experiment was expressed as Mean + SD of three independent experiments. D: Scheme shows the experimental design to
evaluate the activity of SASP after co-treatment of 2uM SAHA and 0.5uM EPZ-6438 in NSCLC cells in E. E: After co-treatment
with 2uM SAHA and 0.5uM EPZ-6438 cells, the colony formation rate was evaluated after 15 days of incubation on prepared CM
medium. Each experiment was repeated three times and the experimental values are expressed as Mean + SD. ns: No significant

level of significance compared to the control, * P<0.05, * * P<0.01, * * * P<0.001 were marked as compared to the control.

4. Discussion

In this study, we demonstrated that therapeutic
administration of the HDAC inhibitor SAHA in
NSCLC models provokes a dual response: the
advantageous induction of cellular senescence
concomitant with the deleterious secretion of SASP
factors. Mechanistically, we found that this pro-
tumorigenic  secretome  originates from  the
accumulation of cytosolic DNA fragments (CCFs),
which subsequently engage the cGAS-STING innate
immune signaling cascade. Critically, the addition of
the EZH2 inhibitor, EPZ-6438, serves to selectively
uncouple these processes by effectively dampening
SASP secretion. This mitigation of the secretome, in

turn, significantly amplifies SAHA's intrinsic growth-
inhibitory effects on the lung cancer cells, providing
vital context for managing the complex, often
contradictory roles that cellular senescence plays in
the anti-cancer response. In particular, the occurrence
of senescence in tumors has been considered as an
effective anticancer therapy because of its inhibitory
effect against cancer development and progression
(27). Cells generally experience the senescence as a
response to DNA damage, oxidative stress, telomere
shortening, and oncogene stimulation (16). Anticancer
drugs have been reported to induce cancer cell
senescence during treatment, particularly SAHA, in
various cancer cell types (4). Consistent with existing
literature, our results confirm SAHA's ability to drive
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senescence in both the A549 and H1299 cell lines. Yet,
the effective drug concentration and required
treatment duration for NSCLC were found to be
different from those reported in studies focusing on
small-cell lung cancer (SCLC), underscoring the
intrinsic cell type-dependency of the senescence
response to SAHA. Mechanistically, senescence
induced by chemotherapeutic agents targeting DNA is
known to generate a significant DNA Damage
Response (DDR), often culminating in double- or
single -strand breaks (29). When this DNA damage
occurs, the resulting fragments are often found in the
cytoplasm, forming foci that co-localize with the
CGAS sensor and the damage marker yH2AX (16).
This recognition of cytosolic DNA is the essential
trigger that links the damaged chromatin to the cGAS-
STING signaling pathway, which then culminates in
the secretory phenotype (SASP) (15). The induction of
the SASP in senescent cells has been established by
our group and others as a process mechanistically
driven by the cGAS-STING pathway, which is
triggered by the translocation of chromatin material
into the cytoplasm (CCF) (15, 16, 25). Our data
confirmed that SAHA treatment concurrently induces
DNA damage repair activation and facilitates CCF
formation in NSCLC cells. To functionally validate
the cGAS-STING axis in this response, we employed
CCCP, an agent documented to suppress STING
activation and the subsequent production of Type |
IFNs (30). Upon examining the IL-6 expression levels
induced by SAHA in the presence of CCCP, we noted
a significant reduction compared to the SAHA-only
group. This compelling result strongly suggests that
the CCFs generated by SAHA effectively promote
SASP production via activation of the cGAS-STING
signaling cascade.

The EZH2 enzyme, which serves as the core catalytic
unit of the Polycomb Repressive Complex 2 (PRC2),
is responsible for writing the repressive epigenetic
mark of histone H3 lysine 27 trimethylation
(H3K27me3) (31). Disruption of this critical
epigenetic regulator is strongly associated with the
progression and poor outcomes across numerous
malignancies (31). Extensive clinical and preclinical
evidence further establishes that the aberrant
overexpression of EZH2 is tightly correlated with
aggressive tumor behavior, resistance to conventional
therapy, and poor patient survival (28, 32) Specifically
within lung cancer, EZH2 is often expressed at high
levels (28), leading to its recognition as a viable
therapeutic vulnerability due to its established
connection with compromised treatment response

(33).

Leveraging our prior research, which established the
functional role of EZH2 in both the genesis of CCFs
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and the resultant SASP secretion in breast cancer (24)
and SCLC cell lines (25), we proceeded to assess the
therapeutic impact of EZH2 inhibition within the
context of NSCLC. Our co-treatment protocol,
combining SAHA with the EZH2 inhibitor EPZ-6438,
led to a highly significant attenuation of IL-6 cytokine
levels when compared to the SAHA-only condition.
Furthermore, despite this successful suppression of the
SASP factor, a subsequent examination of central
CGAS-STING pathway components did not reveal
any clear change in the phosphorylation status of
STING (data not shown). Our results suggest that
EZH2 blockade successfully mitigates the SAHA-
triggered SASP secretion in  NSCLC cells.
Nevertheless, the precise molecular pathway
responsible for this inhibitory effect has yet to be fully
elucidated and necessitates future research.
Significantly, the combined therapeutic approach—
using both SAHA and the EZH2 inhibitor—preserved
the state of cellular senescence. This was evidenced by
the lack of meaningful change in the expression of key
senescence markers, Cyclin A2 and p2l1, when
compared against the SAHA monotherapy group.

In conclusion, our findings demonstrate that utilizing
the HDAC inhibitor SAHA in NSCLC cell lines
(A549 and H1299) results in a therapeutic trade-off:
successful induction of cellular senescence is
inadvertently accompanied by the activation of the
detrimental SASP, which is mechanistically driven by
SAHA-triggered CCF formation. Crucially, we show
that the inhibitory action of the EZH2 inhibitor
successfully uncouples these two effects, suppressing
the pro-tumorigenic SASP and thereby significantly
strengthening SAHA's anti-proliferative capabilities
against NSCLC cells. Consequently, we propose that
the strategic co-administration of SAHA and an EZH2
inhibitor constitutes a highly promising therapeutic
avenue for NSCLC, aiming to curb cancer progression
and mitigate recurrence by simultaneously inducing
growth arrest and neutralizing the counterproductive
SASP.

5. Conclusion

In summary, our study demonstrates that HDAC
inhibition by SAHA in NSCLC cells induces a dual
effect: it triggers desired cellular senescence but also
promotes the detrimental SASP via CCF formation
and cGAS-STING pathway activation. Crucially, we
found that simultaneously inhibiting EZH2 with EPZ-
6438 effectively uncouples these processes. This
combination strategy suppresses the pro-tumorigenic
SASP while preserving the anti-proliferative state of
senescence, thereby leading to a more robust
suppression of cancer cell growth.
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