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Effect of EZH2 regulation of the JAK2/STAT3 signaling pathway
on proliferation and apoptosis in non-small cell lung cancer cells
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Abstract. Enhancer of zeste homolog 2 (EZH?2) is frequently
overexpressed in non-small cell lung cancer (NSCLC) and is
associated with aggressive tumor behavior and poor patient
prognosis. However, the molecular mechanisms through which
EZH?2 drives NSCLC progression, particularly its interplay
with major oncogenic signaling cascades, remain incom-
pletely defined. EZH2 expression was analyzed using publicly
available databases. Functional perturbations were achieved
via short hairpin RNA (shRNA)-mediated knockdown in
NCI-H1299 and A549 NSCLC cell lines. Cell proliferation,
migration, invasion, apoptosis, and colony formation were
assessed using Cell Counting Kit-8, Transwell, flow cytometry
and colony formation assays, respectively. Involvement of the
JAK2/STAT?3 pathway was examined by western blotting and
rescue experiments using a JAK?2 agonist. In vivo validation
was conducted using a xenograft mouse model. EZH2 was
markedly upregulated in NSCLC tissues. Its silencing markedly
suppressed cell proliferation, impaired migratory and invasive
capacities, induced apoptosis, and curtailed tumor growth
in vivo. Mechanistically, EZH2 silencing attenuated the phos-
phorylation of both JAK2 and STAT3. Crucially, the anti-tumor
effects of EZH?2 knockdown were effectively reversed by JAK?2
agonism, positioning EZH2 upstream of the JAK2/STAT?3
axis. The present study demonstrated that EZH2 promotes
NSCLC progression through activation of the JAK2/STAT3
signaling pathway, identifying the EZH2-JAK2/STAT3 axis as
a potential therapeutic vulnerability in this malignancy.

Introduction

Lung cancer remains the leading cause of cancer-related
mortality worldwide. In 2022, ~2.5 million new cases were
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diagnosed, accounting for 12.4% of all cancer diagnoses,
with an estimated 1.8 million deaths representing 18.7%
of global cancer mortality (1). Non-small cell lung cancer
(NSCLC) constitutes ~85% of all lung cancer cases. Over
the past decade, treatment paradigms for NSCLC have tran-
sitioned from conventional cytotoxic chemotherapy toward
biomarker-driven precision medicine, substantially improving
patient outcomes and quality of life (2,3). Following the
landmark discovery linking epidermal growth factor receptor
(EGFR) mutations to gefitinib efficacy, inhibitors targeting
actionable drivers, including EGFR, anaplastic lymphoma
kinase, ROS proto-oncogene 1, B-Raf proto-oncogene, rear-
ranged during transfection, neurotrophic tyrosine receptor
kinase, mesenchymal-epithelial transition factor and kirsten
rat sarcoma viral oncogene, have been integrated into clinical
practice, conferring marked survival advantages (3-5).

Nevertheless, precision therapy in NSCLC confronts
persistent challenges. First, only ~25% of patients harbor
currently targetable driver mutations (6); Second, median
progression-free survival on targeted agents frequently
remains below 20 months, constrained by acquired resistance
mechanisms such as secondary mutations, bypass pathway
activation, and histologic transformation (7); Third, immune
checkpoint inhibitors targeting programmed cell death
protein-1/programmed death-ligand 1(PD-L1) demonstrate
efficacy predominantly in patients with high PD-L1 expres-
sion, yet primary resistance occurs in over 40% of these
cases (8). These limitations underscore the urgent need to
explore novel therapeutic strategies targeting core oncogenic
signaling pathways.

The JAK2/STATS3 signaling pathway plays a pivotal role in
tumorigenesis and cancer progression across multiple malignan-
cies, regulating crucial processes including cell proliferation,
apoptosis evasion, and immune modulation (9,10). Constitutive
JAK?2/STAT3 activation upregulates anti-apoptotic proteins
and immunosuppressive factors, thereby facilitating tumor
survival and immune escape (11-13).

Enhancer of Zeste Homolog 2 (EZH2), the catalytic subunit
of Polycomb Repressive Complex 2 (PRC2), is a key epigen-
etic regulator frequently overexpressed in various cancers. In
NSCLC, EZH2 expression is markedly elevated (~3.2-fold
higher than in adjacent normal tissues (14,15) and contributes
to tumor growth, invasion and metastasis through diverse
mechanisms (16). Notably, emerging evidence implicates
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crosstalk between EZH2 and JAK2/STAT3 signaling in
several cancer types (17). In bladder cancer, pharmacological
EZH2 inhibition suppresses tumor growth and metastasis via
downregulation of the JAK2/STAT3 pathway (17). In multiple
myeloma, EZH2 promotes disease progression by activating
STATS3 signaling (18). In melanoma, EZH?2 co-operates with
STAT3 to regulate the expression of the autophagy-related
gene Atg7, shaping the tumor immune microenvironment (19).
In glioma, EZH2 modulates STAT3 expression and activity,
influencing downstream inflammasome activation (20).

Despite these advances, the functional relationship
between EZH2 and JAK2/STAT3 signaling in NSCLC
remains incompletely understood. Given the established onco-
genic roles of both pathways and their documented interplay in
other malignancies, it was hypothesized that EZH2 promotes
NSCLC progression through activation of the JAK2/STAT3
cascade. Targeting this axis may therefore represent a prom-
ising strategy to overcome treatment resistance and mitigate
immune suppression in NSCLC.

Materials and methods

Reagents and antibodies. AG490, a JAK?2 inhibitor, was
obtained from MedChemExpress and coumermycin Al, a
JAK?2 agonist, was purchased from Promega Corporation.
The following cell lines were obtained from Shanghai Fuheng
Biotechnology: BEAS-2B (FHO0319), HCC827 (FH0048),
NCI-H1650 (FH0047), NCI-H1299 (FH0908) and A549
(FHO045). Cells were maintained in RPMI 1640 (BasalMedia;
cat. no. L110KJ) supplemented with 10% fetal bovine serum
(FBS; Vazyme Biotech Co., Ltd.; cat. no. 7TE830L4) and
1% penicillin/streptomycin (P/S, Biosharp Life Sciences;
cat. no. BL505A). Antibodies against 3-actin (cat. no. LF212S),
JAK2 (cat. no. R013499), STAT3 (cat. no. P012881), phos-
phorylated (p)-STAT3 (cat. no. R013862) and all secondary
antibodies were purchased from Epizyme Biotech. Anti-p-JAK2
(cat. no. AF3024) was obtained from Affinity Biosciences and
anti-EZH2 (cat. no. 21800-1-AP) was from Proteintech Group,
Inc. Radio- immunoprecipitation assay (RIPA) lysis buffer and
bicinchoninic acid (BCA) protein assay kit were procured from
Beyotime Biotechnology. Reverse transcription-quantitative
(RT-q) PCR reagents were sourced from Takara Bio, Inc. The
FITC Annexin V Apoptosis Detection Kit was acquired from
BD Biosciences. The experimental workflow is summarized
in Fig. S1.

Dry lab section

Bioinformatics analyses (in silico procedures in dry lab
section). EZH?2 expression in lung adenocarcinoma (LUAD)
tissues and adjacent normal tissues was analyzed using the
GEPIA database (http:/gepia.cancer-pku.cn/index.html) (21).

Wet lab Section
Cell culture. A total of four NSCLC cell lines, HCC827,
NCI-H1650, NCI-H1299 and A549, were initially screened
for EZH2 expression. Based on the results, NCI-H1299 and
AS549 cells were selected for subsequent EZH2 knockdown
experiments.

To validate the role of EZH2 in JAK2/STATS3 signaling,
cells were divided into the following groups: Control,

sh-EZH2, JAK?2 inhibitor and sh-EZH2+JAK?2 agonist.
Subsequent pathway analyses were conducted across these
groups. For the JAK?2 inhibitor group, cells were treated with
25 pumol/l AG490. For the sh-EZH2+JAK?2 agonist group,
EZH2-knockdown cells were treated with 10 gmol/l coumer-
mycin Al (CAl) (22).

Transfection. shRNA sequences targeting EZH2 and
a non-targeting control were designed and synthesized by
GeneChem Co., Ltd. (Shanghai, China). The sequences
were as follows: shNC: 5"TTCTCCGAACGTGTCACGT-3';
sh-EZH2 #1: 5'-GCTAGGTTAATTGGGACCA-3'"; sh-EZH2
#2: 5'-CCAACACAAGTCATCCCATTA-3". Using the
second-generation lentiviral packaging system, lentiviral
packaging was performed by GeneChem Co., Ltd., which used
293T cells as the packaging cell line. The shRNA-containing
pLKO.1-TRC vector was co-transfected with the packaging
plasmid psPAX2 and envelope plasmid pMD2.G at a ratio of
4:3:1, with a total of 10 ug of lentiviral plasmid per transfec-
tion, using Lipofectamine® 2000 (Thermo Fisher Scientific,
Inc.). Cells were incubated at 37°C for 48-72 h. Viral superna-
tant was harvested, filtered through 0.22 ym pore-size filters
(Millipore), and used for transduction.

For transduction, NCI-H1299 and A549 cells were seeded
into 6-well plates (2x10° cells/well) at 70-90% confluence. The
harvested lentivirus was diluted in complete medium to a titer of
1x10® TU/ml, and 60 pul/well (MOI=30) was added to the cells.
Polybrene (5 pg/ml; MilliporeSigma) was added to enhance
transduction efficiency. Cells were incubated at 37°C for 24 h,
after which the medium was replaced with fresh complete
medium. After an additional 48 h of culture, stable transfectants
were selected using 2.5 ug/ml puromycin for 7 days.

Cell derived xenograft. Female BALB/c nude mice
(4-6 weeks old, n=6 per group) were used for the experi-
ments (23,24), purchased from Jinan Pengyue Laboratory
Animal Breeding Co., Ltd. All mice were housed under
specific pathogen-free (SPF) conditions with free access to
food and water and were monitored daily for general health
and behavior. The housing environment was maintained at a
temperature of 22+2°C with a relative humidity of 50+10%,
and a 12-h light/dark cycle. All efforts were made to mini-
mize suffering and distress throughout the experiment. A
total of 12 mice were used in the present study. Female mice
were selected following the practice of previous xenograft
studies (23,24). The skin on the lumbar and abdominal
regions was disinfected using povidone-iodine. Mice were
divided into two groups: The negative control group (shNC)
received a subcutaneous injection of 0.1 ml of control A549
cell suspension (5x10° cells), and the experimental (shEZH2)
group received the same volume of EZH2-knockdown A549
cell suspension (25). Humane endpoints were defined as tumor
volume exceeding 1,500 mm?3, or tumor ulceration, necrosis,
or infection accompanied by severe clinical signs of distress
(such as ruffled fur, reduced appetite, or decreased activity).
Any mouse meeting these criteria was immediately sacrificed
prior to the scheduled endpoint. The experiment was termi-
nated on day 28 post-inoculation. No mice were found dead
or required early sacrifice prior to the scheduled endpoint.
On day 28 post-inoculation, all mice were sacrificed by CO,
inhalation at a flow rate of 30% chamber volume per min until
respiration ceased followed by cervical dislocation. Mortality
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was confirmed by the absence of spontaneous respiration, loss
of corneal reflex, and lack of response to toe pinch. Tumor
tissues were then excised for subsequent experiments.

Cell Counting Kit-8 (CCK-8). Cell viability was assessed
using the CCK-8 kit (Dojindo Laboratories, Inc.). Cells
(3,000-5,000 per well) were seeded in 96-well plates.
Subsequently, 10 ul of CCK-8 solution was added to each
well and incubated at 37°C for 3 h. Absorbance was measured
at 450 nm.

RT-gPCR. Total RNA was extracted from NCI-H1299
and A549 cells using RNAiso Plus (Takara Bio, Inc.) and
reverse-transcribed into cDNA using PrimeScript™ RT Master
Mix (Takara Bio, Inc.), both according to the manufacturers'
protocols. qPCR was performed on a CFX-96 system (Bio-Rad
Laboratories, Inc.) using TB Green Premix Ex Taq (Takara
Bio, Inc.) under the following conditions: 95°C for 10 sec, 55°C
for 15 sec and 72°C for 20 sec. Cycle threshold values were
normalized to B-actin. Primer sequences were: EZH2 (F)
GTACACGGGGATAGAGAATGTGG, (R) GGTGGGCGG
CTTTCTTTATCA,; B-actin (F) AACACCCCAGCCATGTAC
GTT, (R) CCATCTCTTGCTCGAAGTCCA. Relative expres-
sion was calculated using the 2-24°4 method (26).

Colony formation assay. Cells were seeded at 500 cells per
well in a 6-well plate and culture continued for 14 days (27).
The medium was changed every three days and the cells
observed. Once colonies (defined as a cluster of >50 cells)
had formed, they were washed once with PBS. Then 4%
paraformaldehyde (1 ml) was added to each well for 30 min
at room temperature. The cells were washed once with PBS.
Crystal violet staining solution (1 ml) was added to each well
and the cells stained for 10-20 min at room temperature. After
washing, the cells were air-dried and images captured using a
digital camera.

Cell migration and invasion assays. Migration and inva-
sion were evaluated using Transwell chambers without or
with Matrigel coating, respectively. For the invasion assay,
Transwell chambers were precoated with Matrigel at 37°C for
1 h. Following sh-EZH2 transfection, cells were serum-starved
for 12 h. Complete medium (600 ul) containing 10% FBS was
added to the lower chamber, and 200 ul of cell suspension
(5x10° cells/ml in serum-free medium) was seeded into the
upper chamber. After 24 h, cells on the lower surface were
fixed with 4% paraformaldehyde at room temperature for
20 min, stained with crystal violet at room temperature for
15 min, and images captured under a light microscope at x200
magnification. Images of five randomly selected fields per
chamber were captured (28).

Apoptosis assay. Cells were suspended in 1X binding
buffer at 1x10° cells/ml, stained with Annexin V-FITC and
PI at room temperature in the dark for 20 min, and analyzed
by flow cytometry (Accuri™ C6; BD Biosciences) using
FlowJo software (v10.8.1; BD Biosciences). The apoptotic
rate was calculated as the percentage of early apoptotic cells
(Annexin V-FITC*/PI') plus late apoptotic cells (Annexin
V-FITC*/PI*). TUNEL staining was performed on tumor
tissue using an TMR (red) tunel cell apoptosis detection kit
(Wuhan Servicebio Technology Co., Ltd.) according to the
manufacturer's protocol. Following dewaxing and rehydrating,
4-um thick paraffin sections were incubated with proteinase K
at 37°C for 20 min. Following completion of the reaction, the
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sections were washed with PBS and excess liquid was gently
flicked off. Membrane-breaching solution was added and the
sections were incubated at room temperature for 20 min. After
washing with PBS, the sections were incubated with buffer
for 10 min. Subsequently, TDT enzyme, dUTP, and buffer
in a 2:5:50 ratio were mixed and the sections were incubated
at 37°C for 1 h. Nuclei were counterstained with DAPI at room
temperature for 10 min, and sections were visualized under a
fluorescence microscope (Leica Microsystems GmbH).

Western blotting. Total proteins were extracted from
NCI-H1299 and A549 cells using RIPA lysate (Beyotime
Biotechnology). After measuring the protein concentration by
BCA (Beyotime Biotechnology), the protein samples (20 ug
per lane) were separated on 10% gels using sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto the polyvinylidene difluoride (PVDF)
membranes blocked with 5% non-fat milk at room tempera-
ture for 1 h and incubated with the primary antibodies [EZH?2
(1:5,000; cat. no. 21800-1-AP; Proteintech Group, Inc.), JAK2
(1:500; cat. no. R013499; Epizyme Biotech), STAT3 (1:1,000;
cat. no. PO12881; Epizyme Biotech), p-JAK2 (1:1,000;
cat. no. AF3024; Proteintech Group, Inc.), p-STAT3 (1:500;
cat. no. R013862; Epizyme Biotech) and p-actin (1:5,000;
cat.no.LF212S; Epizyme Biotech)] at4°C overnight. Membranes
were then incubated with HRP-conjugated secondary anti-
bodies (1:10,000; cat. no. LF102; Epizyme Biotech) for 2 h
at room temperature. Signals were detected using enhanced
chemiluminescence (ECL) substrate kit (Vazyme Biotech
Co., Ltd.), and band intensities were quantified with ImageJ
(version 1.54p; National Institutes of Health) (29).

Hematoxylin and eosin (H&E) staining. A tissue sample
~1 cm in length was excised from the tumor tissue, fixed in 4%
formaldehyde solution at room temperature for 24 h, followed
by dehydration (70, 80, 90, 95 and 100% ethanol), clearing in
xylene and embedding in paraffin wax. The paraffin-embedded
tissues were cut into 4-um-thick sections, dewaxed and
rehydrated. Sections were stained with hematoxylin at room
temperature for 5 min, followed by eosin for 2 min, and then
dehydrated, cleared and mounted. Images were captured under
a light microscope (Zeiss AG).

Immunohistochemistry (IHC) staining. After dewaxing
and rehydrating, 4-um thick paraffin sections were subjected to
heat-induced antigen retrieval in citrate buffer at 95°C for 15 min.
Sections were incubated with 3% H,0O, at room temperature for
30 min to block endogenous peroxidase activity. After blocking
with 3% bovine serum albumin (BSA; Wuhan Servicebio
Technology Co., Ltd.) at room temperature for 30 min,
sections were incubated with Ki-67 primary antibody (1:800;
cat. no. GB111499; Wuhan Servicebio Technology Co., Ltd.)
overnight at 4°C, followed by HRP-conjugated goat anti-rabbit
secondary antibody (1:500; cat. no. GB23303; Wuhan Servicebio
Technology Co., Ltd.) for 60 min at 37°C. Staining was developed
with DAB (cat. no. G1212-200T; Wuhan Servicebio Technology
Co., Ltd.), counterstained with hematoxylin for 3 min at room
temperature, dehydrated, cleared, and mounted. Images were
captured using a light microscope (Zeiss AG).

Statistical analysis. Data were presented as mean =+ standard
deviation (SD). Statistical analyses were performed using
GraphPad Prism (v 8; Dotmatics). Differences between groups
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were assessed using Student's t-test or one-way ANOVA with
Tukey's post hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

EZH?2 expression is upregulated in LUAD. To investigate the
potential oncogenic role of EZH2, the present study analyzed
its expression pattern using the GEPIA database. EZH2 was
markedly upregulated in LUAD tissues compared to adjacent
normal tissues (Fig. 1A).

EZH?2 is highly expressed in lung cancer cell lines. EZH2
protein and mRNA levels were assessed in the normal
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Figure 1. EZH2 expression is enhanced in LUAD. (A) EZH2 expression in LUAD tissues and normal tissues. EZH2 level in lung cancer-associated cells
HCC827, NCI-H1299, A549, NCI-H1650 and BEAS-2B was determined by (B) western blotting and (C) RT-qPCR. "P<0.05, “P<0.01 vs. BEAS-2B. EZH2,
enhancer of zeste homolog 2; LUAD, lung adenocarcinoma; RT-qPCR, reverse transcription-quantitative PCR.

bronchial epithelial cell line BEAS-2B and four NSCLC
cell lines (HCC827, NCI-H1650, NCI-H1299, and A549) by
RT-qPCR (Fig. 1B) and western blotting (Fig. 1C). EZH2
expression was markedly higher in all cancer cell lines relative
to BEAS-2B. Notably, NCI-H1299 and A549 cells exhibited
the highest EZH?2 levels and were therefore chosen for func-
tional studies.

EZH?2 knockdown suppresses proliferation and induces
apoptosis via JAK2/STAT3 pathway. Stable EZH2-
knockdown models were established in NCI-H1299 and
A549 cells using two independent shRNAs, with knockdown
efficiency confirmed by RT-qPCR (Fig. 2A). CCK-8 assays
demonstrated that EZH2 silencing markedly reduced cell
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Figure 2. Knockdown of EZH?2 inhibits the proliferation and migration of A549 and NCI-H1299 cells while promoting apoptosis. (A) RT-qPCR analysis of
EZH?2 knockdown efficiency. (B) CCK-8 assay of cell viability after transfection. (C) Colony formation assay of clonogenic proliferation. (D) Transwell assay
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viability (Fig. 2B). Moreover, migration, invasion, and colony
formation were markedly impaired (Fig. 2C-E). Flow cytom-
etry revealed a significant increase in apoptosis upon EZH2
knockdown (Fig. 2F).

To explore the underlying molecular mechanism, the
present study examined the effect of EZH2 knockdown on the
JAK?2/STAT3 signaling pathway. Mechanistically, western
blot analysis showed that EZH2 knockdown substantially
reduced the phosphorylation levels of JAK2 and STAT3
(Fig. 3), suggesting that EZH2 promotes tumor survival and
proliferation primarily through activation of this signaling
cascade.

Rescue experiments confirm EZH2 acts upstream of
JAK2/STAT3.To define the functional hierarchy between EZH2
and JAK2/STATS3, rescue experiments were performed using
CALl (10 umol/l), a JAK?2 agonist, and AG490 (25 ymol/l), a
JAK2 inhibitor (22). JAK?2 activation restored cell proliferation
in EZH2-knockdown A549 and NCI-H1299 cells (Fig. 4A).
Likewise, JAK2 activation effectively rescued the impaired
migration, invasion, and colony formation, and attenuated the

apoptosis induced by EZH2 silencing (Fig. 4B-E). Western
blotting confirmed that JAK?2 inhibition reduced p-JAK?2 and
p-STAT3 without affecting EZH2 expression (Fig. 5), whereas
JAK?2 activation in EZH2-knockdown cells restored both
p-JAK2 and p-STATS3 levels.

EZH?2 silencing suppresses tumor growth in vivo via
inhibiting JAK2/STAT3. Since A549 cells exhibited
more pronounced phenotypic changes upon EZH2
knockdown compared to NCI-H1299 cells in vitro, A549
cells were selected for the xenograft model. Control or
EZH2-knockdown A549 cells were inoculated into nude
mice. Tumors in the EZH2-knockdown group (shEZH?2)
exhibited markedly slower growth, reduced volume, and
decreased weight compared to controls (Fig. 6A-C). H&E
staining revealed a looser histological architecture in
shEZH2 group tumors (Fig. 6D). Immunohistochemical
staining for Ki-67 demonstrated markedly reduced prolif-
eration in the shEZH?2 group (Fig. 6E), while TUNEL
staining indicated a significant increase in apoptosis
(Fig. 6F). Western blot analysis of tumor confirmed reduced
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Figure 4. Reversal by a JAK?2 agonist of the phenotypic effects of EZH2 knockdown, including inhibited proliferation/migration and promoted apoptosis. (A) CCK-8
assay of cell viability after transfection. (B) Colony formation assay of clonogenic proliferation. (C) Transwell assay of cell migration. Scale bar, 100 y#m; magnifica-
tion, x200. (D) Transwell assay of cell invasion. Scale bar, 100 ym; magnification, x200. (E) Flow cytometric analysis of apoptosis. "P<0.05, “P<0.01 vs. shNC;
"P<0.05,"P<0.01 vs. shEZH2. EZH2, enhancer of zeste homolog 2; p-, phosphorylated; sh, short hairpin; NC, negative control; CA1, JAK?2 agonist.

JAK?2 and STAT3 phosphorylation, consistent with in vitro  that EZH2 facilitates tumor growth and survival primarily
observations (Fig. 6G). These in vivo results corroborate  through JAK2/STAT3 pathway activation.
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Figure 5. The inhibition of the JAK2/STAT3 pathway resulting from EZH2 knockdown was reversed by a JAK2 agonist. Representative western blots and
quantitative analyses of p-JAK2, JAK2, p-STAT3, STAT3, and fB-actin were performed in A549 and NCI-H1299 cells treated with shNC, shEZH2, AG490,
and ShEZH2 + CA1. “P<0.01 vs. shNC; “P<0.05, *P<0.01 vs. shEZH2. EZH2, enhancer of zeste homolog 2; AG490, JAK?2 inhibitor; CA1, JAK2 agonist; p-,

phosphorylated; sh, short hairpin; NC, negative control.

Discussion

The present study systematically investigated the expression,
function and molecular mechanism of EZH2 in NSCLC.
The key findings demonstrated that EZH2 is markedly over-
expressed in LUAD tissues and multiple NSCLC cell lines.
Functional experiments, both in vitro and in vivo, confirmed
that EZH2 knockdown effectively suppresses proliferation
and migration while inducing apoptosis. All quantitative data
were presented as mean + SD, and the differences were statis-
tically significant, supporting the reliability of our findings.
Mechanistically, EZH?2 functions as an upstream regulator of
the JAK2/STATS3 signaling pathway and exerts its oncogenic
effects through positive regulation of this cascade, as consis-
tently demonstrated in both in vitro and in vivo models.
EZH2, an epigenetic regulator, is highly expressed in
various malignancies, including NSCLC. Prior studies indi-
cate that EZH?2 expression is markedly higher in NSCLC
tissues than in normal counterparts and its overexpression
correlates with tumor invasiveness, metastasis and poor prog-
nosis (30,31). The findings of the present study aligned with
extensive existing research, further supporting the critical role
of EZH?2 in lung cancer progression. In addition to validating
the prognostic implications, the present study demonstrated
through in vitro models and in vivo xenografts that EZH2
directly governs malignant behaviors-proliferation and

apoptosis-in NCI-H1299 and A549 cells, providing a strong
rationale for targeting EZH?2 therapeutically.

The most significant contribution of the present study
was the elucidation of a functional linkage between EZH?2
and JAK?2/STAT3 signaling in NSCLC. Rescue experiments
provided compelling evidence that the oncogenic functions
of EZH?2 are mediated through this pathway: JAK2 agonism
effectively reversed the proliferation inhibition, apoptosis
induction and reduced JAK2/STAT3 phosphorylation
elicited by EZH2 knockdown. This finding unequivocally
positioned EZH2 upstream of the JAK2/STAT3 pathway.
Previous studies have reported similar interactions between
EZH2 and JAK2/STATS3 signaling in other cancer types.
In bladder cancer, pharmacological inhibition of EZH?2
was shown to suppress tumor growth through down-
regulation of the JAK2/STAT3 pathway (32). Notably,
our recent study demonstrated that norcantharidin exerts
anti-tumor effects in NSCLC through downregulation of
EZH2/JAK2/STATS3 signaling pathway (17). However, these
studies primarily relied on pharmacological inhibitors and
did not establish a clear functional hierarchy between EZH2
and the JAK2/STAT?3 pathway. By contrast, the present study
provided the first characterization of this regulatory relation-
ship in NSCLC using genetic EZH2 knockdown combined
with rescue experiments. Mechanistically, previous studies
have demonstrated that EZH?2 regulates JAK2 expression
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by modifying the H3K27me3 histone mark in its promoter
region (33,34). However, the present study revealed that
EZH2 knockdown reduced JAK2 and STAT3 phosphoryla-
tion without markedly altering their total protein levels.
The precise mechanism underlying this regulation requires
further investigation.

Persistent JAK2/STAT3 activation is intimately linked to
tumor cell proliferation, apoptosis resistance and the establish-
ment of an immunosuppressive microenvironment (35-37).
Notably, Toll-like receptors (TLRs) play a role in modulating
immune responses within the tumor microenvironment and
TLR-guided therapeutic strategies have been explored as
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promising approaches for cancer immunotherapy (38,39).
Given that EZH?2 acts upstream of JAK2/STAT3 signaling
pathway and has been implicated in epigenetic regulation of
immune-related genes (40), targeting EZH2 may represent a
more promising strategy to suppress the abnormal activation
of this pathway and reshape the immunosuppressive microen-
vironment at its source. Currently, several EZH?2 inhibitors are
under clinical investigation (41-43). Given its established role in
resistance mechanisms, EZH?2 inhibitors, whether used alone
or in combination with JAK2 or immune checkpoint inhibi-
tors, merit investigation as a therapeutic strategy for patients
who have progressed on existing targeted or immunotherapies.

The present study has several strengths. First, the present
study employed two independent shRNA sequences to knock
down EZH2, minimizing off-target effects and ensuring the
specificity of the observations. Second, the combination of
genetic knockdown with pharmacological rescue experi-
ments using both a JAK?2 agonist and inhibitor allowed the
establishment of a functional hierarchy between EZH?2 and
the JAK2/STAT3 pathway. Third, the consistency of the
findings across in vitro cell models and an in vivo xeno-
graft model provided robust evidence for the role of the
EZH2-JAK?2/STAT?3 axis in NSCLC progression.

Of course, the present study had certain limitations.
First, while the present study demonstrated that EZH2 acts
upstream of the JAK2/STAT3 pathway, the precise molecular
mechanism by which EZH2 regulates JAK2/STAT3 phos-
phorylation remains unclear. Additional mechanistic studies,
such as ChIP-qPCR, promoter analyses, or protein interac-
tion assays, are needed to determine whether EZH?2 directly
regulates JAK2 expression or affects pathway activation
indirectly. Furthermore, given the classical role of EZH?2 as
the PRC2 catalytic subunit mediating H3K27 trimethylation,
future studies using H3K27me3 analysis or pharmacological
EZH2 inhibitors are required to clarify whether the observed
effects rely on EZH2 methyltransferase activity, especially
given recent evidence of methyltransferase-independent
EZH2 functions in other types of cancer (44). Second, EZH2
overexpression rescue experiments would further strengthen
the causal relationship between EZH?2 and the JAK2/STAT3
pathway, which will be pursued in future studies. Third,
the present study primarily focused on the NCI-H1299 and
A549 cell lines; the generalizability of these findings to other
NSCLC subtypes requires validation in additional models.
Additionally, the use of only female mice in the present
study may introduce sex-related bias. Future studies will
include both male and female animals to further validate the
generalizability of our findings. Finally, in vivo studies could
be expanded, such as using conditional knockdown mouse
models, to more precisely elucidate the role of EZH2 in lung
cancer development.

In summary, the present study established that EZH2
drives malignant progression in NSCLC through activation of
the JAK2/STAT3 signaling pathway. These findings deepen
our understanding of EZH2-mediated oncogenesis and, more
importantly, highlight the therapeutic potential of targeting
the EZH2-JAK2/STAT?3 axis to overcome drug resistance and
immune suppression in NSCLC, offering new insights and
experimental rationale for the development of novel combina-
tion therapeutic strategies.
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