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Abstract: Histone methyltransferase SETD2 is frequently downregulated in various malignancies and plays a criti-
cal role in regulating tumor progression. However, its biological role in lung adenocarcinoma (LUAD), especially its
regulation of glycolysis and chemosensitivity, has not been fully elucidated. Transketolase (TKT) is a crucial enzyme
in glycolysis, but whether it is involved in the regulation of LUAD progression and chemosensitivity by SETD2 remains
unclear. Cisplatin (CIS)-resistant cells were established, and SETD2 and TKT expression levels were assessed via
Western blot. The malignant phenotype of LUAD cells was evaluated through CCK-8 assay, scratch healing, colony
formation, and Transwell assay; while apoptosis was determined by flow cytometry. The binding relationship be-
tween SETD2 and TKT was verified by ChIP and dual luciferase reporter gene assays. Glycolytic activity was mea-
sured using commercial kits. A LUAD tumor model was established in nude mice, and apoptosis and proliferation
were detected by TUNEL staining and Ki-67 immunohistochemistry, respectively. SETD2 expression was diminished
in LUAD tissues and ClS-resistant cell lines. Overexpression of SETD2 attenuated the malignant phenotype of LUAD
cells, promoted apoptosis, and increased the chemosensitivity of CIS-resistant cells. Meanwhile, SETD2 overex-
pression reduced the glycolytic activity in LUAD cells, as evidenced by decreased glucose uptake, ATP and lactate
production, and downregulation of key proteins in the glycolytic pathway. Mechanistically, SETD2 bound to the
TKT promoter and suppressed its transcription. Furthermore, TKT overexpression partially reversed the regulatory
impacts of SETD2 on LUAD cells. Additionally, SETD2 overexpression suppressed tumor growth by down-regulating
TKT, reduced glycolysis level in tumor tissues, promoted apoptosis and inhibited proliferation of tumor cells. In con-
clusion, SETD2 inhibits glycolysis by directly suppressing TKT transcription, thereby attenuating malignant progres-
sion and enhancing chemosensitivity in LUAD.
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Introduction

According to the U.S. Cancer Report, approxi-
mately 226,650 new lung cancer cases and
124,730 related deaths were projected for
2025 [1]. China, a high-incidence region for
lung cancer, was expected to report over
680,000 new cases in 2024 [2]. As the most
prevalent subtype of lung cancer, lung adeno-
carcinoma (LUAD) accounts for roughly 35-
40% of total lung cancer diagnoses [3, 4].
Pathologically, the malignant progression of
LUAD is closely associated with epigenetic dis-

orders and metabolic reprogramming [5, 6].
Among them, glycolysis, a central metabolic
feature of tumor cells, supplies energy and bio-
synthetic precursors for tumor proliferation [7].
In recent years, although therapeutic approach-
es, including surgery, targeted therapies, and
immunotherapies, have improved the progno-
sis of LUAD patients, their 5-year survival rate
remains low [8, 9]. In addition, LUAD patients
are highly susceptible to drug resistance after
chemotherapy, severely compromising treat-
ment efficacy [10, 11]. Therefore, elucidating
the molecular mechanisms underlying LUAD
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progression and chemoresistance, and identi-
fying potential therapeutic targets, are of great
significance to improve patient prognosis.

Histone methyltransferase SET domain-con-
taining 2 (SETD2) serves as a pivotal regulator
in the epigenetic network, catalyzing histone
H3 lysine 36 trimethylation (H3K36me3) [12,
13]. H3K36me3, as an important transcription-
al activation marker, is involved in multiple bio-
logical processes, including gene transcription
regulation, chromatin remodeling, and DNA
damage repair [14]. Recent investigations have
indicated that SETD2 is downregulated in mul-
tiple malignant tumors, including renal, colorec-
tal and pancreatic cancers, with its loss or
down-regulation strongly correlating with tu-
mor proliferation and poor prognosis [15-17].
Additionally, previous studies have demonstrat-
ed that SETD2 deficiency enhances glycolytic
flux in pancreatic cancer cells, thereby regulat-
ing tumor metabolic reprogramming [18].
Importantly, SETD2 expression is significantly
downregulated in LUAD, and SETD2-null tumors
exhibit enhanced mitochondrial function, which
in turn promotes oxidative metabolism [19].
However, whether SETD2 affects LUAD pro-
gression and chemotherapy sensitivity through
glycolysis regulation has not been systemati-
cally elucidated.

Transketolase (TKT) functions as a core enzyme
of the non-oxidative pentose phosphate path-
way (PPP). It catalyzes the Transketolase reac-
tion between ketose and aldose to regulate the
glycolysis rate and maintain the metabolic bal-
ance of tumor cells [20, 21]. TKT exhibits ele-
vated expression in various tumors, including
LUAD, and its expression level correlates posi-
tively with tumor malignancy, poor survival, and
chemotherapy resistance [22-24]. In gliomas,
TKT-null cells were more sensitive to the che-
motherapeutic agents Temozolomide and cis-
platin (CIS), indicating that TKT inhibition may
reverse the drug-resistant phenotype [25]. In
addition, SETD2 transcriptionally represses
TKT, indicating TKT as a critical downstream
effector of SETD2-mediated tumor suppression
[18].

Given the aforementioned findings, we hypoth-
esized that SETD2 suppresses glycolysis by
inhibiting TKT expression, thereby enhancing
chemosensitivity in LUAD. This study aims to
systematically investigate the regulatory roles
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of SETD2 in LUAD malignant phenotype, glyco-
lytic metabolism, and chemosensitivity, and to
verify whether SETD2 exerts its tumor-suppres-
sive function direct suppression of TKT.

Materials and methods
Cell culture

Human embryonic kidney cells HEK293T
(EDCO0001) and LUAD cell lines A549 (EDC-
00020), PC9 (EDC0O0363), H1299 (EDC0O0295),
and H460 (EDC00286) were purchased from
Guangzhou Editgene Co., Ltd. (Guangdong,
China). All cells were cultured in RPMI-1640
medium (R999297, Macklin, Shanghai, China)
containing 1% Penicillin-Streptomycin and 10%
fetal bovine serum. Incubation was maintained
at 37°C in an environment with 5% CO,, (v/v).

Construction of drug-resistant cell line

H1299 and A549 cells in logarithmic growth
phase were seeded in fresh RPMI-1640 medi-
um supplemented with 0.5 uM CIS (HY-17394,
MedChemExpress, Monmouth Junction, NJ,
USA) and incubated for 48 h. Cell growth was
monitored, after which dead cells were removed
by rinsing with PBS. Then, complete medium
was introduced to continue cultivation. When
cells confluence reached approximately 80-
90%, the medium was replaced with fresh
medium containing 0.5 uM CIS, and this induc-
tion process was repeated 3-5 times.

After stable passaging was achieved in medi-
um containing 0.5 uM CIS, the CIS concentra-
tion was increased to 1 uM and incubated for
48 h. The above steps were repeated with grad-
ually increasing CIS concentrations until A549
and H1299 cells were able to passage stably
under 6 pyM CIS. These cells were considered
drug-resistant and were designated as H1299/
DDP and A549/DDP, respectively [26].

Bioinformatics analysis

GEPIA2 database (http://gepia2.cancer-pku.
cn/#index) was employed to analyze the differ-
ential expression of SETD2 between LUAD
tumor tissues and normal lung tissues. The
median SETD2 expression was used as the
cutoff value, and patients were assigned into
SETD2 high-expression and low-expression gro-
ups. The association between SETD2 expres-
sion and the prognosis of LUAD patients was
subsequently analyzed.
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Cell transfection and treatment

SETD2 overexpression plasmid (OE-SETD2),
TKT overexpression plasmid (OE-TKT), SETD2
catalytic mutant plasmid (OE-SETD22CAT),
SETD2 small interfering RNA (si-SETD2), TKT
small interfering RNA (si-TKT), and their corre-
sponding controls (OE-NC, si-NC) were con-
structed by Sangon Biotech Co., Ltd. (Shanghai,
China).

Plasmids were transfected into H1299 and
A549 cells, as well as H1299/DDP and A549/
DDP cells for 48 h using Lipofectamine 3000
(L3000001, Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions.
Transfection efficiency was assessed by detect-
ing SETD2 and TKT protein expression in cells.

In addition, when exploring the effect of SETD2
on cellular chemosensitivity, different plasmids
were first transfected into H1299/DDP and
A549/DDP cells, which were then treated with
CIS for 48 h.

Cell Counting Kit-8 (CCK-8) assay

H1299 and A549 cells were inoculated into
96-well plates at a density of approximately
1x10% cells/well and incubated overnight to
allow cell attachment. Then, cells were treated
with different concentrations of CIS (6.25,
12.5, 25, 50 uM) for 48 h. 10% CCK-8 reagent
(C917226, Macklin) was subsequently added,
mixed thoroughly, and incubated for 2 h in a
light-protected environment. Absorbance at
OD,,, values was determined using a micro-
plate reader (1410101, Thermo Fisher Scien-
tific, Waltham, MA, USA).

Scratch-wound assay

LUAD cells were inoculated in 6-well plates
(2x10° cells/mL) and cultured until cell conflu-
ence reached 90%. A 20 L pipette tip was uti-
lized to scratch a straight line across the center
of the cell monolayer in each well. Cell debris
generated during the scratching process was
washed with PBS, followed by the addition of
serum-free medium. After 24 h, images were
captured, and the migration distance was
quantified using ImagelJ software (1.54h ver-
sion, National Institute of Mental Health, MD,
USA).
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Clone formation assay

H1299 and A549 cells were gently rinsed with
PBS and resuspended to obtain single-cell sus-
pensions. Cells were seeded into 6-well plate at
a density of 1x10* cells per well in 1 mL of cul-
ture medium, and the culture medium was sub-
sequently refreshed every 2-3 d for 14 d. When
clear cell clusters were observed by the naked
eye, the culture was terminated, and cells were
fixed with 4% paraformaldehyde (P885233,
Macklin) for 30 min. Subsequently, colonies
were stained with 1% crystal violet (C916088,
Macklin) for 10 min, and excess stain was gen-
tly rinsed away with PBS. The culture plates
were allowed to dry naturally, and the cell
clones were observed using a CX33 light micro-
scope (Olympus, Tokyo, Japan).

Transwell assay

Matrigel (354230, Corning, Tewksbury, MA,
USA) was thawed at room temperature and
diluted 1:8 with serum-free culture solution.
The diluted Matrigel (100 pL) was pipetted and
evenly covered on the bottom of the Transwell
chamber (8 um, Corning). Each well of the
24-well plate was supplemented with 600 pL of
culture medium, after which the inserts were
slowly placed into the wells.

A549 and H1299 cell suspensions (4x10%/mL,
100 pL per well) were inoculated into the upper
chamber and incubated at 37°C for 48 h. After
incubation, the inserts were rinsed with PBS
and then fixed with 4% paraformaldehyde for
15 min. Non-invading cells in the upper cham-
ber were wiped away using a sterilized cotton
swab. Cells on the lower surface of the cham-
bers were stained with 0.1% crystal violet
(HY-B0O324A, MedChemExpress) for 20 min
and rinsed with running water. Light microscopy
was employed to acquire images of five ran-
domly chosen fields of view, followed by the
counting of invaded cell numbers with the
assistance of ImageJ 1.54h software [27].

Apoptosis assay

After the indicated treatments, H1299 and
A549 cells were harvested and resuspended in
500 pL Annexin V Binding Buffer (A709121,
Macklin). Next, 5 pL of Annexin-V-FITC and 5 uL
of propidium iodide (Pl) were introduced
sequentially, mixed thoroughly, and incubated

Am J Cancer Res 2026;16(2):696-720



SETD2/TKT mediates glycolysis to suppress lung adenocarcinoma progression

for 15 min in a light-protected environment.
Detection was conducted with a flow cytometer
(BD FACSCalibur™, BD biosciences, CA, USA),
and the resulting data were analyzed with
FlowJo software (v10.8, BD biosciences) to cal-
culate apoptosis rates.

Determination of glucose uptake and lactate
production

After cell transfection, H1299 and A549 cells
were rinsed with PBS and homogenized under
ice-cold conditions. Cell lysates and Glucose
Uptake Detection Buffer were added into
96-well plates according to kit's instructions
(80554S, Beyotime, Shanghai, China). Follow-
ing incubation at 37°C for 30 min under light-
protected conditions, and the OD450 value
was measured to determine cellular glucose
uptake. In addition, lactate levels in cell culture
supernatants were quantified using a lactate
assay kit (S0208S, Beyotime) [28].

Extracellular acidification rate (ECAR) determi-
nation

H1299 and A549 cells were seeded in Seahorse
XF96 cell culture plates (4x10%/well). Cellular
ECAR levels were then measured using the
Seahorse XF Pro Analyzer (Agilent Technologies,
CA, USA) according to the instructions of the
Seahorse XF Glycolytic Stress Test Kit (103020-
100, Agilent Technologies) [29].

Chromatin immunoprecipitation (ChIP)-qPCR

ChlP assay was performed using the Sim-
pleChlIP® Plus sonolysis ChIP kit (56383, Cell
Signaling Technology, MA, USA) [30]. H1299
and A549 cells were cross-linked with 1% form-
aldehyde solution at 37°C for 10 min, and
cross-linking was terminated with glycine. Cells
were rinsed with PBS, collected, lysed on ice,
and subjected to sonication for fragmentation.
The resulting chromatin was then incubated
overnight at 4°C with anti-SETD2 (PA5-34934,
Invitrogen) or IgG antibody (2729, Cell Signaling
Technology). After DNA recovery, qPCR was per-
formed using primers targeting the TKT promot-
er region (F: 5-GGTCTCAAGAAGGCCACTCC-3/,
R: 5-GCTGGGGTGTGTGTGTTAAC-3’).

Dual-Luciferase reporter assay
Wild-type (WT) and mutant-type (MUT) dual-

luciferase reporter plasmids targeting the TKT
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promoter region were synthesized by Sangon
Biotech Co., Ltd. Combinations of TKT-WT with
OE-NC or OE-SETD2, TKT-WT with si-NC or si-
SETD2, TKT-MUT with OE-NC or OE-SETD2, TKT-
MUT with si-NC or si-SETD2 were co-transfect-
ed into A549 cells using Lipofectamine 3000,
respectively. After 48 h of incubation, cells
were harvested, and luciferase activity was
measured using the Dual-Lucy Assay Kit
(RGO27, Beyotime) [31].

Subcutaneous xenograft model in nude mice

Five-week-old BALB/c nude mice (15-18 g)
were obtained from Vital River (Beijing, China)
and housed at 22°C, with 45% relative humidi-
ty and a 12-hour light-dark cycle. After one
week of acclimatization, mice were used to
construct a subcutaneous xenograft tumor
model. OE-NC, OE-SETD2, OE-SETD2+OE-NC,
and OE-SETD2+OE-TKT were transfected in
A549 cells. Each mouse was subcutaneously
injected with 100 pL of the corresponding cell
suspension at the right axilla region. The
animals were then divided into four groups
according to the transfected cells, designated
as the OE-NC, OE-SETD2, OE-SETD2+OE-NC,
and OE-SETD2+OE-TKT groups, respectively.
Tumor growth was observed weekly, and tumor
length and width were measured using vernier
calipers. On the 28" day post-inoculation, mice
were euthanized via intraperitoneal injection
of pentobarbitalic acid (100 mg/kg). Subse-
quently, the tumors were completely excised
with tissue scissors, and their mass was
weighed and photographically documented.

Additionally, OE-NC, OE-SETD2, OE-SETD2+0E-
NC, and OE-SETD2+OE-TKT were transfected in
A549/DDP cells, respectively. 100 pL of suc-
cessfully transfected A549/DDP cell suspen-
sion was injected subcutaneously into the right
axilla of nude mice, and when the tumor volume
reached 100 mm3, CIS (4 mg/kg) was injected
intraperitoneally twice a week [32]. Tumor gro-
wth was observed weekly, and tumor size was
measured. On day 28, mice were euthanized
by intraperitoneal injection of Pentobarbital
Sodium (100 mg/kg), and tumors were eutha-
nized, weighed, and photographed. All animal
experimental protocols in this study were re-
viewed and approved by the Huadong Hospital,
Fudan University Ethics Committee (NO.2023-
HDYY-40JZS). All animal experiments are con-
ducted in strict compliance with the Guide for
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the Care and Use of Laboratory Animals and
the ARRIVE Guide 2.0.

TUNEL staining

After being fixed in 4% paraformaldehyde solu-
tion for 24 hours, tumor tissues were dehydrat-
ed with gradient ethanol series and paraffin
embedded. Paraffin sections were prepared as
4 um-thick serial sections. Subsequently, sec-
tions were deparaffinized with xylene (X821391,
Macklin) and then rehydrated via gradient etha-
nol solution. Tissue sections were then incu-
bated with DNase-free proteinase K (20 ug/
mL, HY-108717A, MedChemExpress) at 37°C
for 15 min, followed by incubation with TUNEL
assay solution (C1086, Beyotime) for 60 min in
the dark. The tissues were then counterstained
with DAPI staining solution (C1006, Beyotime),
for 10 min in the dark and photographed using
a BX53 fluorescence microscope (Olympus).

Immunohistochemistry

Paraffin-embedded tumor tissue sections were
deparaffinized and rehydrated through gradient
ethanol. Antigen retrieval was performed by
microwave heating citrate buffer (pH=6.0).
Endogenous peroxidase activity was blocked by
incubation with 3% H,O, solution for 30 min,
followed by washing with PBS. Tissue sections
were blocked with 5% bovine serum albumin
(BSA, GA527, Beyotime) for 30 min and then
incubated with primary antibody against Ki-67
(@b92742, 1:500, Abcam, MA, USA) at 37°C for
90 min. After washing, sections were incubated
with goat anti-rabbit IgG secondary antibody
(31466, 1:500, Invitrogen) for 30 min. After
that, color development was performed using
DAB substrate (P0O203, Beyotime) for 20 min
and then terminated by rinsing with distilled
water. Cell nuclei were counterstained with
hematoxylin  staining solution (HY-NO116,
MedChemExpress), and then observed under a
light microscope.

Adenosine triphosphate (ATP) levels and
lactate dehydrogenase (LDH) activity measure-
ments

ATP content in nude mouse tumor tissues and
LUAD cells was determined by an ATP assay kit
(50026, Beyotime). 20 mg of tumor tissue was
homogenized in 200 pL of lysate buffer, and
the supernatant was collected after centrifuga-
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tion. The ATP level in the tissue was determined
according to the manufacturer’s instructions.

For A549 and H1299 cells, culture medium
was aspirated, cells were lysed in 200 uL of
lysate buffer, and the supernatant was collect-
ed by centrifugation to determine ATP levels.
In addition, LDH activity in the supernatant
of tumor tissue homogenates was detected
using an LDH activity assay kit (AK1441, BIOSS,
Beijing, China).

Western blot (WB)

Tumor tissues were minced into pieces, lysed
in cell lysis buffer (C718615, Macklin), and
ground thoroughly in an ice bath. H1299 and
A549 cells were first rinsed with PBS and sub-
sequently lysed using lysis buffer. After centrif-
ugation, the protein content in the supernatant
was determined using a BCA kit (B917925,
Macklin). Equal amounts of proteins were sepa-
rated using SDS-PAGE electrophoresis and
transferred to PVDF membranes (Invitrogen).
Then, the membranes were blocked with 5%
BSA at 25°C for 2 h. After washing, the mem-
brane was incubated overnight at 4°C with indi-
cated primary antibody. After washing with
TBST, the membrane was incubated with sheep
anti-rabbit secondary IgG (1:10,000) for 2 h at
25°C. The ECL luminescent solution (E917968,
Macklin) was evenly dripped onto the mem-
brane and visualized using a JP-2880 gel imag-
ing system (Jinpeng Analysis Instrument Co.,
Ltd., Shanghai, China). ImageJ software was
employed to determine the gray value of
protein bands, with GAPDH (MA5-35235,
1:50,000, Invitrogen) serving as the loading
control; based on these values, the relative pro-
tein expression was computed.

The primary antibodies included glucose trans-
porter 1 (GLUT4, ab115730, 1:10000, Abcam),
SETD2 (ab239350, 1:1000, Abcam), H3K36-
me3 (PA5-17109, 1:2000, Invitrogen), Lactate
Dehydrogenase A (LDHA, ab300638, 1:1000,
Abcam), hexokinase 1 (HK1, ab150423, 1:
2000, Abcam), hexokinase 2 (HK2, ab227198,
1:5000, Abcam), TKT (ab112997, 1:1000,
Abcam), multidrug resistance-associated pro-
tein 1 (MRP1, ab260038, 1:1000, Abcam),
ATP-binding cassette sub-family B member
1 (ABCB1, MA5-32282, 1:2000, Invitrogen),
ATP binding cassette subfamily G member 2
(ABCG2, ab207732, 1:1000, Abcam), Histone
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H3 (H3, ab1791, 1:2000, Abcam), and phos-
phoglycerate kinase 1 (PGK1, ab199438,
1:1000, Abcam).

Statistical analysis

Each experiment was repeated in triplicates,
with the data expressed as mean + standard
deviation. Statistical analyses were performed
using IBM SPSS Statistics software (version
26.0). For comparisons between two groups,
Student’s t-test was applied when data fol-
lowed normality and homogeneity of variance,
whereas the Satterthwaite-corrected t-test was
used when variances were unequal. If data did
not follow a normal distribution, the nonpara-
metric Wilcoxon rank sum test was used. One-
way analysis of variance (ANOVA) was per-
formed to evaluate differences among multiple
groups, followed by LSD test for post-hoc pair-
wise comparison. For data involving multiple
time points, repeated measures analysis of
variance was used to evaluate the main effects
of group, time, and the group-time interaction,
with Bonferroni-corrected pairwise t-tests for
subsequent comparisons. A p value<0.05 was
considered statistically significant. All figures
were plotted using Prism software (Graphpad
9.0).

Results

SETD2 overexpression inhibited the malignant
phenotype and induced apoptosis of LUAD
cells

Analysis of the GEPIA2 database revealed that
SETD2 was notably downregulated in LUAD tis-
sues compared with normal lung tissues.
Although no significant difference was observed
in overall survival between SETD2 high and low
expression groups, patients in the high-expres-
sion exhibited a trend toward improved overall
survival, suggesting its potential prognostic
value (Figure 1A, 1B). WB analysis indicated
that SETD2 and its downstream product
H3K36me3 were highly expressed in HEK293T
cells but markedly reduced in LUAD cell lines.
Among these, H1299 and A549 cells displayed
the most pronounced reduction in SETD2 and
H3K36me3 expression (Figure 1C-E).

To explore the regulatory impact of SETD2 on
the malignant phenotype of LUAD, OE-SETD2
and si-SETD2 were transfected into H1299 and
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A549 cells, respectively. Transfection of OE-
SETD2 markedly raised SETD2 and H3K36me3
levels in both cells, while transfection of si-
SETD2 effectively reduced the expression, con-
firming successful transfection (Figure 1F-H).

CCK-8 assay demonstrated that transfection of
OE-SETD2 remarkably reduced the viability of
H1299 and A549 cells, while transfection of si-
SETD2 notably enhanced cell viability (Figure
11, 1J). In addition, SETD2 overexpression sig-
nificantly reduced the number of colonies
formed and wound healing rate in LUAD cells,
whereas SETD2 knockdown exerted the oppo-
site effects (Figure 1K-P). As revealed by
Transwell assay, invasive cells in the SETD2
overexpression group were notably reduced,
but markedly increased in the SETD2 knock-
down group (Figure 1Q-S).

Furthermore, transfection with OE-SETD2 sig-
nificantly elevated the apoptosis rate, while
transfection with si-SETD2 exerted the oppo-
site effect (Figure 1T-V).

Collectively, these results confirmed that
SETD2 is downregulated in LUAD and that its
overexpression effectively suppresses malig-
nant phenotypes and promotes apoptosis in
LUAD cells.

SETD2 overexpression increased chemosensi-
tivity of LUAD cells

Next, CIS-resistant H1299/DDP and A549/
DDP cells were established to investigate the
role of SETD2 in regulating chemosensitivity
of resistant cells. Following treatment with
increasing concentrations of CIS, the IC50 val-
ues of H1299, H1299/DDP, A549, and A549/
DDP cells were 14.85, 45.9, 13.92, and 49.18
UM, respectively, with a resistance index of
approximately 3, confirming the successful
construction of drug-resistant cells (Figure 2A,
2B).

Consistently, the expression levels of drug
resistance-related proteins, including MRP1,
ABCB1, and ABCG2, were significantly upregu-
lated in H1299/DDP and A549/DDP cells com-
pared with their corresponding parental cells
(Figure 2C-E). Compared with their parental
H1299 and A549 cells, SETD2 and H3K36me3
levels were markedly decreased in both H1299/
DDP and A549/DDP cells (Figure 2F-H), imply-
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Figure 1. SETD2 overexpression inhibited malignant phenotypes and induced apoptosis in LUAD cells. A. Expression of SETD2 in LUAD and normal lung tissues.
B. Overall survival of LUAD patients with high and low SETD2 expression. C-E. WB analysis of SETD2 and H3K36me3 expression in HEK293T cells and LUAD cells.
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ing a close association between SETD2 down-
regulation and CIS resistance in LUAD cells.

To further verify the functional role of SETD2 in
drug resistance, OE-SETD2 and si-SETD2 were
transfected into H1299/DDP and A549/DDP
cells followed by treatment with different con-
centrations of CIS. Transfection of OE-SETD2
markedly reduced the cell viability of drug-
resistant cells under CIS exposure, whereas
transfection of si-SETD2 enhanced cell viability
(Figure 2I, 2J). The impact of SETD2 overex-
pression was most pronounced at a CIS con-
centration of 12.5 yM, which was selected for
subsequent experiments.

Overexpression of SETD2 notably decreased
colony formation, invasion ability, and scratch
healing rates in CIS-treated drug-resistant
cells, while SETD2 knockdown significantly pro-
moted these malighant phenotypes (Figure
2K-S). Additionally, transfection of OE-SETD2
markedly increased apoptosis in ClS-treated
drug-resistant cells, whereas transfection of si-
SETD2 exerted the opposite effects (Figure
2T-V). These findings suggest that SETD2 is
downregulated in CIS-resistant LUAD cells and
that its overexpression effectively restores che-
mosensitivity of CIS-resistant cells.

SETD2 overexpression suppressed glycolysis
in LUAD cells

To elucidate the mechanism underlying the
suppressive effect of SETD2 on the malignant
phenotype of LUAD cells, its role in regulating
glycolysis was explored. Overexpression of
SETD2 in H1299 and A549 cells significantly
reduced glucose uptake (Figure 3A, 3B), lac-
tate production, the major end product of gly-
colysis (Figure 3C, 3D), and ATP content (Figure
3E, 3F). However, SETD2 knockdown markedly
raised glucose uptake, ATP content, and lac-
tate production, suggesting that SETD2 may
exert an inhibitory effect on glycolysis metabo-
lism in LUAD cells.

In addition, SETD2 overexpression significantly
decreased the extracellular acidification rate
(ECAR), while SETD2 knockdown significantly
increased ECAR (Figure 3G, 3H), indicating that
SETD2 suppresses glycolytic activity of LUAD
cells. Moreover, SETD2 overexpression signifi-
cantly down-regulated GLUT1, HK1, HK2, PGK1

705

and LDHA protein expression. On the contrary,
SETD2 knockdown reversed the expression
patterns of these proteins (Figure 3I-N). These
findings imply that SETD2 inhibits glycolysis by
downregulating glycolysis-related proteins in
LUAD cells.

SETD2 negatively regulated TKT expression

Next, the downstream target genes of SETD2 in
regulating glycolysis in LUAD cells were investi-
gated to provide insight into the molecular
mechanism by which SETD2 functions as a
tumor suppressor. Western blot analysis sho-
wed that TKT protein level was significantly
increased in H1299 and A549 cells compared
with HEK293T cells. This expression pattern
was inversely correlated with that of SETD2 in
these cell lines (Figure 4A, 4B). To verify the
regulatory relationship between SETD2 and
TKT, OE-SETD2 and si-SETD2 were transfected
into H1299 and A549 cells, respectively. Over-
expression of SETD2 notably reduced TKT pro-
tein levels, while SETD2 knockdown increased
TKT protein level (Figure 4C, 4D), indicating
that SETD2 exerted a negative regulatory effect
on TKT.

ChIP combined with qPCR assay showed that
TKT was significantly enriched in the SETD2
gene body region (Figure 4E, 4F). In addition,
dual-luciferase reporter assays were performed
using reporter constructs containing the wild-
type (TKT-WT) or mutant (TKT-MUT) TKT pro-
moter regions. Overexpression of SETD2 nota-
bly suppressed the luciferase activity in TKT-WT
group, whereas SETD2 knockdown enhanced
it; however, no marked effect was observed in
TKT-MUT group, confirming that SETD2 directly
regulates TKT transcription (Figure 4G, 4H).

To further determine whether this transcription-
al repression depends on SETD2 catalytic
activity, an OE-SETD22°T construct was gener-
ated, which retains chromatin-binding ability
but lacks H3K36me3 methyltransferase activi-
ty. Compared with the OE-NC group, the OE-
SETD2 group showed significantly decreased
TKT protein expression and significantly in-
creased H3K36me3 levels; however, in the
OE-SETD2%¢AT group, TKT protein expression
and H3K36me3 levels were not significantly
different from those in the OE-NC group, but
differed significantly from the OE-SETD2 gro-
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Figure 3. SETD2 overexpression reduced glycolysis in LUAD cells. (A-F) SETD2 overexpression decreased glucose up-
take (A, B), lactate production (C, D), and ATP content (E, F) in A549 and H1299 cells, while knockdown of SETD2 ex-
erted opposite effects. (G, H) SETD2 overexpression decreased ECAR, while knockdown of SETD2 increased ECAR.
(I-N) WB analysis of glycolysis-related proteins GLUT1, HK1, HK2, PGK1 and LDHA after SETD2 overexpression or
knockdown. Note: ECAR, Extracellular acidification rate. *P<0.05, ***P<0.001 vs OE-NC; #P<0.05, ##P<0.001 vs
si-NC.
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Figure 4. SETD2 negatively regulated TKT expression. A, B. WB analysis of TKT levels in HEK293T cells, A549
and H1299 cells. C, D. Transfection of OE-SETD2 decreased TKT protein levels, whereas transfection of si-SETD2
increased TKT protein levels in A549 and H1299 cells. E, F. ChIP-gPCR analysis showing enriched TKT in SETD2
gene bodies. G, H. Dual-luciferase reporter gene assay demonstrating that TKT is a target of SETD2. I-K. WB analy-
sis of H3K36me3 and TKT protein levels after transfection with OE-SETD2A, ns P>0.05, ***P<0.001 vs OE-NC;
##P<(0.001 vs si-NC.
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up (Figure 4l-K). These results suggest that
SETD2-mediated transcriptional repression of
TKT is dependent on H3K36me3 catalytic
activity. Collectively, these results demonstrate
that SETD2 negatively regulates TKT expres-
sion, and that TKT is a direct downstream tar-
get gene of SETD2 in LUAD cells.

SETD2 overexpression inhibited TKT expres-
sion and inhibited glycolysis

To test whether TKT mediates the regulation
of SETD2 on glycolysis in LUAD cells, OE-TKT
and si-TKT were transfected into H1299 and
A549 cells. Transfection of OE-TKT markedly
increased TKT expression level, while transfec-
tion of si-TKT effectively decreased TKT expres-
sion level, indicating successful construction
of TKT overexpression and knockdown cell
models (Figure 5A, 5B). In SETD2-overexpres-
sing cells, overexpression of TKT significantly
increased glucose uptake (Figure 5C), lactate
production (Figure 5E), and ATP content (Figure
5G); However, knockdown of TKT in SETD2-
silenced cells notably reduced glucose uptake
(Figure 5D), lactate production (Figure 5F),
and ATP content (Figure 5H). Furthermore, TKT
overexpression significantly increased ECAR
levels, whereas knockdown of TKT led to a pro-
nounced decrease in ECAR levels (Figure 5I-L).
Moreover, TKT overexpression significantly up-
regulated the expression of key glycolysis-relat-
ed proteins, including GLUT1, HK1, HK2, PGK1
and LDHA; conversely, knockdown of TKT down-
regulated the expression of these proteins,
exhibiting a regulatory pattern opposite to that
observed with SETD2 overexpression (Figure
5M-X). These findings collectively suggest that
TKT is a key mediator of SETD2-dependet regu-
lation of glycolysis in LUAD cells.

SETD2 overexpression inhibited the malignant
progression and enhanced chemosensitivity of
LUAD cells through regulating TKT

Next, whether SETD2 mediates LUAD malig-
nant progression and chemosensitivity through
regulation of TKT was investigated. In parental
H1299 and A549 cells, the inhibitory effects of
SETD2 overexpression on colony formation
(Figure 6A, 6B), scratch healing (Figure 6C,
6D), and cell invasion (Figure 6E, 6F) were
markedly weakened after co-transfection of
OE-SETD2 and OE-TKT. Additionally, co-trans-

708

fection of OE-TKT significantly reduced the
apoptosis rate induced by SETD2 overexpres-
sion (Figure 6G, 6H).

In drug-resistant H1299/DDP and A549/DDP
cells, co-transfection with OE-TKT significantly
enhanced cell viability after CIS treatment, sug-
gesting that TKT overexpression reversed the
chemosensitivity-enhancing effect of SETD2
on these drug-resistant cells (Figure 61, 6J).
Similarly, the inhibitory effects of SETD2 over-
expression on colony formation (Figure 6K, 6L),
scratch healing (Figure 6M, 6N), and cell inva-
sion (Figure 60, 6P) were significantly attenu-
ated after co-transfection with OE-TKT, accom-
panied by a significant reduction in apoptosis
(Figure 6Q, 6R).

The above results collectively indicated that
TKT overexpression effectively reversed the
suppressive impact of SETD2 on malignant
phenotypes in both parental and drug-resistant
cells, confirming that TKT is a key target through
which SETD2 inhibits the malignant progres-
sion of LUAD and enhances chemosensitivity.

SETD2 overexpression inhibited tumor growth
in vivo by regulating TKT

A LUAD tumor model was established in nude
mice via subcutaneous injection of A549 cells
to investigate whether SETD2 suppresses
tumor growth in vivo. In the OE-SETD2 group,
SETD2 and H3K36me3 expression levels were
markedly upregulated, whereas TKT expression
was notably reduced. However, co-transfection
with OE-TKT decreased SETD2 and H3K36me3
expression levels and significantly increased
TKT level in vivo (Figure 7A-D). Overexpression
of SETD2 led to a notable reduction in tumor
volume and weight. In contrast, tumors in the
OE-SETD2+0E-TKT group exhibited significantly
increased volumes and weight, suggesting that
overexpression of TKT can attenuate the inhibi-
tory effects of SETD2 on tumor growth (Figure
7E-G). TUNEL staining revealed a marked in-
crease in TUNEL-positive cells in the OE-SETD2
group, whereas co-transfection with OE-TKT
reduced the proportion of TUNEL-positive cells
(Figure 7H, 71). Inmunohistochemistry demon-
strated that Ki-67 level was significantly de-
creased in tumor tissues of OE-SETD2 group,
while Ki-67 expression was partially restored
after OE-TKT co-transfection (Figure 7J, 7K).
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Figure 5. SETD2 overexpression inhibited TKT expression and suppressed glycolysis. (A, B) WB analysis of TKT level in A549 and H1299 cells after transfection
with OE-TKT or si-TKT. (C-H) TKT overexpression reversed OE-SETD2-induced suppression of glucose uptake (C, D), lactate production (E, F), and ATP content (G, H).
(I-L) TKT overexpression reversed OE-SETD2-induced reduction in ECAR. (M-X) WB analysis of glycolysis-related proteins GLUT1, HK1, HK2, PGK1 and LDHA after

co-transfection with OE-TKT and OE-SETD2. Note: ECAR, Extracellular acidification rate. **P<0.01, ***P<0.001 vs OE-NC/si-NC; ns P=0.05 vs OE-SETD2/si-SETD2;
#P<0.05, #P<0.01, ##P<0.001 vs OE-SETD2+0E-NC/si-SETD2+si-NC.
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These in vivo results demonstrate that SETD2
overexpression inhibits LUAD xenograft growth
through down-regulation of TKT expression,
while overexpression of TKT counteracts the
tumor-suppressive effect of SETD2.

SETD2 overexpression reduced glycolysis in
vivo by inhibiting TKT

Whether SETD2 regulates glycolysis in LUAD in
vivo via modulation of TKT was further exam-
ined. ATP levels (Figure 8A) and LDH activity
(Figure 8B) were markedly reduced in tumor tis-
sues of the OE-SETD2 group, suggesting that
SETD2 overexpression inhibited the glycolytic
metabolism in tumors. In contrast, after co-
transfection with OE-TKT, both ATP concentra-
tion and LDH activity in tumor tissues were sig-
nificantly increased, indicating that overexpre-
ssion of TKT effectively reduced the inhibitory
effect of SETD2 on glycolytic metabolism. In
addition, protein levels of key glycolytic regula-
tors, including GLUT1, HK1, HK2, PGK1, and
LDHA, was significantly reduced in the OE-
SETD2 group. Co-transfection with OE-TKT
significantly restored the levels of these pro-
teins (Figure 8C-H). These results suggest that
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SETD2 overexpression inhibits glycolytic meta-
bolism in tumor tissues in vivo by suppressing
TKT expression.

SETD2 overexpression enhanced tumor sensi-
tivity to CIS in vivo

Finally, to explore whether SETD2 modulates
chemosensitivity in vivo, a nude mouse xeno-
graft model was established using subcutane-
ous transplantation of A549/DDP cells and fur-
ther challenged with CIS. Overexpression of
SETD2 significantly reduced tumor volume
and weight, whereas co-transfection with OE-
TKT (OE-SETD2+0E-TKT) significantly reversed
these tumor growth-inhibitory effects (Figure
9A-C). Western blot analysis showed that
SETD2 and H3K36me3 protein levels were sig-
nificantly increased, while the TKT level was sig-
nificantly decreased in the OE-SETD2 group.
Co-transfection with OE-TKT reduced SETD2
and H3K36me3 expression, while increasing
TKT levels (Figure 9D, 9E). In addition, the
expression levels of resistance-associated pro-
teins, including MRP1, ABCB1, and ABCG2
were significantly reduced in the OE-SETD2
group; and TKT overexpression reversed the
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down-regulation trend of these resistance-
associated proteins (Figure 9F, 9G). Further-
more, the proportion of TUNEL-positive cells
was significantly increased and the Ki-67 level
was significantly decreased in the OE-SETD2
group, which were partially reversed after co-
transfection with OE-TKT (Figure 9H-K). These
results confirm that SETD2 overexpression
enhances the chemosensitivity of LUAD xeno-
graft tumors, whereas overexpression of TKT
diminishes the chemosensitizing effects of
SETD2, further clarifying the important role of
the SETD2-TKT axis in LUAD chemoresistance.

Discussion

LUAD is a major histological subtype of lung
cancer, characterized by high morbidity and
mortality worldwide [33]. Identifying specific
targets for LUAD treatment is critical for improv-
ing the prognosis and survival of patients.
Epigenetic dysregulations are key driving fac-
tors for LUAD initiation and development.
Histone methyltransferase play central roles in
epigenetic regulation, and their dysfunction
has been closely related to tumor prognosis
[34-36]. A previous study has shown that
SETD2 levels are decreased in human LUAD tis-
sues and cells, and SETD2 overexpression can
inhibit the growth and migration of LUAD cells
[36]. Based on GEPIA2 database analysis and
WB verification, this study discovered that
SETD2 was markedly reduced in both LUAD tis-
sues and cell lines, although no statistical cor-
relation was observed between its expression
level and patients’ overall survival. However, it
has been shown that SETD2 is downregulated
in tumors such as gastric cancer [37] and pros-
tate cancer [38], and patients with low SETD2
expression have a poorer prognosis. In addi-
tion, SETD2 overexpression inhibited the malig-
nant biological properties of LUAD cells (H1299
and A549) and promoted apoptosis, while
SETD2 knockdown resulted in opposite out-
comes, confirming that SETD2 functions as a
tumor suppressor gene in LUAD. This result is
consistent with the classical mechanism of
SETD2 regulating gene transcription by catalyz-
ing H3K36me3 modification. H3K36me3 is a
critical epigenetic mark involved in transcrip-
tional regulation, genomic stability, and DNA
damage repair. Loss of H3K36me3 has been
shown to result in transcriptional silencing of
tumor suppressor genes and abnormal activa-
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tion of oncogenes, thus promoting malignant
tumor progression [12, 39, 40]. Notably, SETD2
expression was significantly lower in CIS-
resistant cell lines (H1299/DDP and A549/
DDP) than in parental cells, implying that SETD2
loss may contribute to the development of che-
motherapy resistance in LUAD, which provides
a new entry point for addressing the bottleneck
of clinical LUAD chemotherapy.

Tumor metabolic reprogramming, especially
the Warburg effect, is a hallmark that distin-
guishes tumor cells from normal cells. Tumor
cells produce energy and biosynthetic precur-
sors through glycolysis even under oxygen-suf-
ficient conditions [41, 42]. Glycolysis not only
supplies energy to support rapid tumor cell pro-
liferation and migration, but also participates in
critical pathological processes, including che-
motherapy resistance, DNA repair, and immune
escape [43, 44]. Research has confirmed a sig-
nificant link between the aberrant activation of
the glycolytic pathway and the onset, advance-
ment, and chemotherapy resistance in LUAD
[45, 46]. Therefore, targeting tumor glycolytic
represents a promising strategy for LUAD
treatment.

In our study, overexpression of SETD2 de-
creased glucose uptake, lactate production,
ATP content, and ECAR level in LUAD cells,
directly indicating suppression of glycolytic
activity. At the molecular level, SETD2 overex-
pression downregulated the expression of key
glycolysis-related proteins, including GLUT1,
HK1, HK2, PGK1 and LDHA, while SETD2
knockdown reversed these effects. Zhu et al.
reported that SETD2 knockdown increased gly-
colytic activity in an osteomyelitis cell model,
suggesting that SETD2 may inhibit glycolysis in
different disease models [47]. Previous studies
have indicated that drug-resistant cells often
rely on enhanced glycolysis to withstand the
cytotoxic stress imposed by chemotherapeutic
drugs [48, 49]. In line with these findings, in
this study, SETD2 was markedly reduced in CIS-
resistant cells, and its overexpression reversed
the drug resistance phenotype, suggesting that
SETD2 may improve the chemosensitivity of
CIS-resistant cells by inhibiting glycolysis and
breaking the metabolic adaptability required
for drug resistance.

To further elucidate the molecular mechanism
by which SETD2 inhibits glycolysis and enhanc-
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Figure 9. SETD2 overexpression enhanced chemosensitivity in vivo. A-C. Xenograft tumor volume and weight (A549/DDP cell transplanted tumor). D, E. WB analysis
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tissues. H, I. TUNEL staining and quantitative analysis of apoptotic cells in tumor tissues (40%, 50 um). J, K. Immunohistochemical analysis of Ki-67 expression in
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Figure 10. Schematic diagram illustrating the mechanism underlying SETD2-mediated regulation of LUAD chemo-
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es chemosensitivity, we investigated the down-
stream target genes of SETD2. TKT, a crucial
enzyme in the PPP, is highly expressed in vari-
ous tumors and essential for the maintenance
of cell growth [22, 50]. Our previous research
found that elevated TKT expression was linked
to advanced tumor stage in LUAD, and TKT
inhibitors induced LUAD cell cycle arrest and
apoptosis [23]. In CIS-resistant non-small cell
lung cancer cells, suppressing TKT expression
inhibits cell proliferation and reverses the drug-
resistant phenotype [51]. Importantly, SETD2
also regulates the transcriptional level of TKT in
pancreatic cancer cells [18]. In this study, TKT
displayed diminished expression in HEK293T
cells but markedly elevated expression in LUAD
cells, displaying an inverse expression pattern
relative to SETD2. SETD2 overexpression sig-
nificantly reduced TKT protein expression,
whereas SETD2 knockdown upregulated TKT
expression, indicating that SETD2 negatively
regulates TKT. Moreover, TKT overexpression
partially reversed the suppressive impact of
SETD2 on the malignant phenotype and glycol-
ysis in LUAD cells and attenuated the SETD2-
mediated enhancement of chemosensitivity of
CIS-resistant cells. Consistently, in vivo experi-
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ments further confirmed that TKT overexpres-
sion attenuated the tumor-suppressive effect
mediated by SETD2 overexpression.

Taken together, SETD2 suppresses glycolytic
metabolism by downregulating TKT expression,
which in turn inhibits LUAD malignant progres-
sion and reverses chemoresistance (Figure
10). This study extends the regulatory relation-
ship between the histone methyltransferase
SETD2 and TKT - a core enzyme of the non-oxi-
dative PPP - to the context of LUAD, providing a
new insights into the cross-regulatory network
of epigenetic modification and metabolic repro-
gramming in LUAD.

This study still has several limitations. First, the
prognostic value of SETD2 in LUAD was evalu-
ated based on a single public database cohort.
Multicenter clinical samples were not included
for validation, and multivariate analysis adjust-
ing for confounding factors, such as tumor
stage and differentiation degree, were not
performed. Therefore, it remains inconclusive
whether SETD2 serves as an independent
prognostic biomarker in LUAD. Second, alth-
ough this study identified the SETD2-TKT axis
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as a critical regulator of glycolytic metabolism,
the underlying metabolic mechanisms have not
been fully elucidated. Specifically, quantitative
detection of PPP intermediates and metabolic
flux tracing analyses were not performed, mak-
ing it difficult to accurately characterize the
specific mechanism by which this regulatory
axis affects cellular metabolic pathways. To
address these limitations, future research
should expand clinical sample size and conduct
multi-center validation to clarify the indepen-
dent prognostic value of SETD2. Simultaneous-
ly, by combining PPP intermediate quantifica-
tion and metabolic flux tracing technologies,
the metabolic regulation mechanism mediated
by the SETD2-TKT axis should be further refined
to provide a more robust theoretical basis for
the translational application of this pathway.

Conclusion

SETD2 is downregulated in LUAD, and its loss
contributes to enhanced glycolytic activity by
relieving transcriptional repression of the TKT
gene, thereby promoting tumor progression
and chemoresistance. By directly binding to the
TKT locus and modulating its transcriptional
activity, SETD2 suppresses glycolytic metabo-
lism, inhibits LUAD progression, and enhances
the chemosensitivity of CIS-resistant cells. In
vivo experiments likewise confirmed the tumor
suppressive impact of the SETD2/TKT axis.
This study preliminarily elucidates the underly-
ing mechanism by which SETD2 inhibits the
malignant progression of LUAD, highlighting the
SETD2-TKT axis as a potential molecular target
for therapeutic intervention for LUAD.
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