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Abstract

Background: Lung adenocarcinoma (LUAD) is the most prevalent histological subtype of lung cancer, accounting for 45.3% of all cases
and serving as a major cause of cancer-related mortality. Although cisplatin (DDP) is a cornerstone in LUAD therapy, its efficacy is often
compromised by resistance, leading to therapeutic failure and poor patient outcomes. Lipid metabolism and associated proteins, such as
perilipin 3 (PLIN3), have been increasingly implicated in cancer progression and chemoresistance. However, the precise mechanisms
through which PLIN3 contributes to cisplatin (DDP) resistance in LUAD remain poorly understood. Methods: To investigate the role of
PLIN3 in DDP resistance, its expression in LUAD tissues and its correlation with patient prognosis were analyzed using bioinformatics
databases and validated through clinical sample analysis. The effects of PLIN3 knockdown and overexpression on DDP resistance and
Wnt3a/β-catenin signaling were assessed using quantitative real-time PCR (qPCR), western blotting, cytotoxicity assays, and colony
formation assays. Bioinformatics screening identified FOS-like antigen 1 (FOSL1) as a transcription factor positively correlated with
PLIN3, and its involvement in DDP resistance was further examined both in vitro and in vivo. Results: PLIN3 expression is significantly
elevated in LUAD tissues and correlates with poor overall survival. In LUAD cells, PLIN3 overexpression enhanced DDP resistance
by upregulating Wnt3a expression and promoting β-catenin nuclear translocation. Bioinformatics analysis identified FOSL1 as a key
transcription factor regulating PLIN3 expression. Experimental validation confirmed that FOSL1 directly binds to the PLIN3 promoter,
activating theWnt3a/β-catenin pathway and promoting DDP resistance. Knockdown of PLIN3 or inhibition of Wnt3a signaling reversed
the effects of FOSL1 overexpression on DDP resistance. Conclusion: This study demonstrates that PLIN3 contributes to DDP resis-
tance in LUAD by activating the Wnt3a/β-catenin signaling pathway, with FOSL1 acting as a critical upstream regulator. Targeting the
FOSL1/PLIN3/Wnt/β-catenin axis may provide a promising therapeutic strategy for overcoming chemoresistance in LUAD.
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1. Introduction
Lung cancer remains the leading cause of cancer inci-

dence and mortality worldwide, accounting for 12.4% of
all cancer diagnoses and 18.7% of cancer-related deaths
[1]. Non-small cell lung cancer (NSCLC) represents the
predominant subtype, encompassing lung adenocarcinoma
(LUAD), lung squamous cell carcinoma (LUSC), and large
cell carcinoma (LCC) [2]. Among these, LUAD is the
most prevalent, constituting approximately 45.3% of all
lung cancers, exceeding the incidence of LUSC at 20.1%
and LCC at 7.4% [2].

Cisplatin (DDP) remains a cornerstone of chemother-
apy for NSCLC due to its broad-spectrum anti-tumor ac-
tivity [3,4]. However, the development of DDP resistance
presents a significant barrier to its clinical efficacy [5,6].
Evidence reveals substantial variability in DDP sensitivity
across different NSCLC subtypes [7,8], with LUAD ex-

hibiting a higher degree of resistance compared to LUSC,
potentially due to differences in inflammatory responses
and the tumor microenvironment [7,8]. Therefore, under-
standing the mechanisms driving DDP resistance in LUAD
is critical for improving therapeutic outcomes.

Lipid metabolism reprogramming is a hallmark of
cancer, facilitating rapid tumor cell proliferation and sur-
vival by modulating fatty acid synthesis, oxidation, and
storage [9–12]. This metabolic adaptability not only pro-
vides energy and essential components for tumor cells but
may also contribute to their resistance to chemotherapy,
thereby promoting drug resistance [9–12]. For example,
lipid metabolism in LUAD regulates osimertinib resistance
via the epidermal growth factor receptor (EGFR) signaling
pathway [13].

Lipid droplets (LDs) play a central role in lipid
metabolism, with their dynamic regulation responsive to
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cellular lipid and energy demands [14–16]. Perilipin 3
(PLIN3), a member of the perilipin protein family, regulates
LD formation and lipid storage [17]. Recent studies have
highlighted PLIN3’s association with tumor progression,
increased invasiveness, and poor prognosis in various can-
cers [18–21]. In lung cancer, PLIN3 is significantly upreg-
ulated in early-stage tissues, indicating the critical role of
LDs in tumor development [22]. Furthermore, PLIN3 has
been shown to exert an immune-resistant effect in LUAD,
where its silencing reduces Programmed Cell Death Ligand
1 (PD-L1) expression, thereby inhibiting immune evasion
and suppressing tumor growth [23].

Although research directly linking PLIN3 to
chemotherapy resistance is limited, evidence from
other cancers suggests that PLIN3 may modulate chemore-
sistance through metabolic pathways, including autophagy.
For instance, inhibition of PLIN3 in prostate cancer
enhances autophagic activity and promotes resistance
to docetaxel, while Perilipin 4 (PLIN4), another mem-
ber of the perilipin family, has been associated with
chemoresistance in triple-negative breast cancer [9,24].

This study investigated the role of PLIN3 in DDP re-
sistance in LUAD. Our results demonstrate that PLIN3 ex-
pression is significantly elevated in LUAD and strongly
correlates with poor prognosis. Mechanistic studies re-
veal that PLIN3 promotes DDP resistance by activating
the Wnt3a/β-catenin signaling pathway. Further analysis
identified FOS-like antigen 1 (FOSL1) as a key transcrip-
tion factor regulating PLIN3 expression and contributing to
DDP resistance. These findings elucidate the critical role
of PLIN3 in LUAD and suggest potential molecular targets
to enhance the efficacy of DDP treatment.

2. Materials and Methods
2.1 The Cancer Genome Atlas (TCGA) Database and
Kaplan-Meier Plotter Database Analysis

The TCGA database was utilized to examine the ex-
pression levels of PLIN3 and its prognostic significance in
LUAD (Kaplan-Meier Plotter). RNA-seq data and corre-
sponding clinical information for patients with LUADwere
retrieved from the TCGA database via the UALCAN por-
tal (https://ualcan.path.uab.edu/). On the UALCAN analy-
sis page (https://ualcan.path.uab.edu/analysis.html), PLIN3
expression was assessed in LUAD based on sample types,
cancer stages, smoking habits, nodal metastasis status,
TP53 mutation status, and histological subtypes. Survival
analysis was conducted using both the TCGA and Kaplan-
Meier Plotter databases (https://kmplot.com/analysis/). Pa-
tients were categorized into two groups based on themedian
PLIN3 expression level in LUAD. Survival curves were
generated to evaluate the prognostic impact of PLIN3 ex-
pression on patient survival. The analysis was performed
using the following parameters: Affy ID:202122_s_at; Sur-
vival: Overall Survival (OS); Split patients by: median;
Follow up threshold: all; Censor at threshold: checked;

Table 1. Clinical characteristics of the included patients.
Characteristics Cases (24 in total) Percentage (%)

Sex
Male (n) 13 54.2%
Female (n) 11 45.8%

Smoking status
Current smoker 9 37.5%
Ex smoker 7 29.2%
Never smoker 8 33.3%

Age (years)
<medium (58) 10 41.7%
≥medium (58) 14 58.3%

N classification
N0 8 33.3%
N1 5 20.8%
N2 6 25.0%
N3 5 20.9%

Clinical stage
Stage I 7 29.2%
Stage II 5 20.9%
Stage III 8 33.3%
Stage IV 4 16.6%

Primary tumor size
Tumor size <3 cm 10 41.7%
Tumor size ≥3 cm 14 58.3%

Compute median over entire database: false; Cutoff value
used in analysis: 962; Expression range of the probe: 38-
7829; Probe set option: user-selected probe set; Invert HR
values below 1: not checked.

2.2 Clinical Sample Collection

Tumor and adjacent non-tumor tissue samples were
collected from 24 patients with LUAD at the PLA Naval
Medical Center (Shanghai, China), with the non-tumor tis-
sues being situated more than 5 cm from the tumor. Only
patients with primary LUAD who had not received any
prior treatment, including chemotherapy, were included in
the study. All tissues were diagnosed histopathologically
and clinically. The study was approved by the Ethics Com-
mittee of the Naval Medical Center (ethical approval num-
ber: AF-HEC-068), and all patients or their families/legal
guardians provided written informed consent. The clinical
characteristics of the included patients were summarized in
Table 1.

2.3 Cell Culture and Transfection

The NSCLC cell lines H2030 (ATCC), H2405,
H1755, H2347, H1703, and the lung epithelial cell line
BEAS-2B were sourced from American Type Culture Col-
lection (ATCC, Manassas, MD, USA) and cultured in a hu-
midified incubator at 37 °Cwith 5%CO2. Cells were main-
tained in RPMI-1640 medium (Sigma-Aldrich, Shanghai,
China) supplemented with 10% fetal bovine serum (FBS,

2

https://ualcan.path.uab.edu/
https://ualcan.path.uab.edu/analysis.html
https://kmplot.com/analysis/
https://www.imrpress.com


Sigma-Aldrich, Shanghai, China). All cell lines were val-
idated by short tandem repeat (STR) profiling and tested
negative for mycoplasma.

For transfection experiments, cells were seeded in 6-
well plates (Sigma-Aldrich, Shanghai, China) at a density
of 2 × 105 cells per well and allowed to adhere overnight.
Transfection of short hairpin RNA (shRNA), small inter-
fering RNA (siRNA), or overexpression plasmids was per-
formed using Lipofectamine 2000 reagent (Thermo Fisher
Scientific, Waltham, MA, USA). Specifically, shRNA
transfection utilized a plasmid encoding the shRNA se-
quence, while siRNA transfection involved specific siRNA
sequences targeting the genes of interest. The transfection
complexes were prepared in Opti-MEM medium (Thermo
Fisher Scientific, Waltham, MA, USA) and applied to the
cells for 48–72 hours, after which a fresh complete medium
was added. The target sequences used were: si-FOSL1-
1: GACTGACAAACTGGAAGATGAGA (349–371); si-
FOSL1-2: TACAAACCTACCAAAATGGAATA (1383–
1405); si-PLIN3: GGGAAGCTAAGGCTCTCAAAACG
(1505–1527).

2.4 Establishment of DDP-Resistant LUAD Cell Lines

The DDP-resistant LUAD cell line was established
through gradual drug selection. Parental H2030 and H1775
cells were initially exposed to low concentrations of DDP
(0.5–1.0 µg/mL, Sigma-Aldrich, Shanghai, China) and al-
lowed to proliferate until stable growth was observed. The
DDP concentration was then incrementally increased by
0.5–1.0 µg/mL every 2–4 weeks, enabling the cells to adapt
to each new concentration. This process continued until the
cells were able to proliferate stably in high concentrations of
DDP (up to 10 µg/mL). Resistance development was con-
firmed by comparing the half-maximal inhibitory concen-
tration (IC50) of DDP between resistant and parental cells
via cell viability assays. The resistant cell line was further
stabilized by culturing in a DDP-free medium for several
passages.

2.5 Quantitative Real-Time PCR (qPCR)

Total RNA was extracted from the cultured cells fol-
lowing the TRIzol reagent protocol (Invitrogen, Thermo
Fisher Scientific, Waltham, MA, USA). RNA quality
and concentration were assessed using a NanoDrop spec-
trophotometer (Thermo Fisher Scientific, Waltham, MA,
USA). For cDNA synthesis, 1 µg of total RNA was
reverse-transcribed using Superscript II Reverse Transcrip-
tase (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
QPCR was performed with SYBR Green Master Mix
(Thermo Fisher Scientific, Waltham, MA, USA) on a real-
time PCR detection system, employing primers specific
to the target genes. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as the internal reference for
normalization. Negative controls, including no-template
controls, were included to exclude contamination or non-

specific amplification. Relative expression levels were
calculated using the 2−∆∆Ct method. The primers for
FOSL1 were: left primer: AGCTGCAGAAGCAGAAG-
GAG; right primer: GGAGTTAGGGAGGGTGTGGT.
The primers for PLIN3 were: left primer: CAGCAGA-
GAAGGGAGTGAGG; right primer: ACACAAGCTC-
CTTGGTGTCC.

2.6 Western Blot Analysis

Cell lysates were prepared using Radio-
Immunoprecipitation Assay (RIPA) buffer (Sigma-Aldrich,
Shanghai, China), supplemented with protease and phos-
phatase inhibitors (Sigma-Aldrich, Shanghai, China).
After lysis, the samples were centrifuged at 12,000 rpm for
10 minutes at 4 °C, and the supernatants were collected.
Protein concentration was quantified using a bicinchoninic
acid (BCA) protein assay kit (Sigma-Aldrich, Shanghai,
China). Equal amounts of protein (20–30 µg) were
separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE, Bio-Rad, Shanghai,
China) and transferred to Polyvinylidene fluoride (PVDF)
membranes (Bio-Rad, Shanghai, China). The membranes
were blocked for 1 hour at room temperature with 5%
non-fat dry milk in tris-buffered saline with tween (TBST)
(Sigma-Aldrich, Shanghai, China), followed by overnight
incubation at 4 °C with primary antibodies (anti-PLIN3,
SAB1406951, 1 μg/Ml, Sigma-aldrich, Shanghai, China;
anti-Wnt3a, ab219412, 1:1000, Abcam, Shanghai, China;
anti-β-Catenin, #9582, 1:1000, Cell Signaling Technology,
Shanghai, China; anti-Lamin A/C, L1293, 1:1000, Sigma-
aldrich, Shanghai, China; anti-FOSL1, SAB1411459, 1
µg/mL, Sigma-aldrich, Shanghai, China; anti-GAPDH,
AB2302, 1:10,000, Sigma-aldrich, Shanghai, China). After
three washes with TBST, the membranes were incubated
with horseradish peroxidase (HRP)-conjugated secondary
antibody (Rabbit Anti-Goat lgG Antibody HRP conjugate,
AP106P, 1:5,000, Sigma-aldrich, Shanghai, China) for 1.5
hours at room temperature. Protein bands were visualized
using an enhanced chemiluminescence (ECL) detection
system (Thermo Fisher Scientific, Waltham, MA, USA).
Relative protein expression was quantified using ImageJ
software (Version 1.53, NIH, Bethesda MD, USA), with
GAPDH or Lamin A/C as loading controls. The original
Western blot is provided as Supplementary Material.

2.7 Cytotoxicity and Cell Viability Assays

The cytotoxicity and cell viability effects of DDP
were assessed using the Cell Counting Kit-8 (CCK-8) as-
say (Sigma-Aldrich, Shanghai, China). Cells were seeded
in 96-well plates at a density of 5000 cells per well and in-
cubated overnight to allow attachment. For the cytotoxic-
ity assessment, cells were treated with increasing concen-
trations of DDP for 48 hours. Following the designated
treatment or growth periods (24, 48, or 72 hours), 10 µL
of CCK-8 reagent was added to each well, and the plates

3

https://www.imrpress.com


were incubated at 37 °C for 2 hours in the dark. Absorbance
at 450 nm was measured using a microplate reader (Tecan-
UK, Reading, UK), with background correction performed
by subtracting the absorbance of wells containing only me-
dia and CCK-8. Cell viability or cytotoxicity was calcu-
lated as a percentage relative to control cells, with the con-
trol group set to 100% for normalization. The half maxi-
mal inhibitory concentration (IC50) of DDPwas determined
by plotting dose-response curves and performing nonlinear
regression to identify the concentration required to inhibit
50% of cell viability.

2.8 Colony Formation Assay
For colony formation assays, cells were plated in 6-

well plates at a density of 500 cells per well and cultured at
37 °C with 5% CO2 for 10–14 days to allow colony forma-
tion. At the end of the incubation, the culture medium was
discarded, and colonies were fixed with 4% paraformalde-
hyde (Sigma-Aldrich, Shanghai, China) for 15 minutes at
room temperature. After fixation, colonies were stained
with 0.5% crystal violet (Sigma-Aldrich, Shanghai, China)
for 20 minutes and washed with distilled water to remove
excess stain. Colonies containing more than 50 cells were
counted under a microscope (OLYMPUS IX71, Olympus,
Tokyo, Japan), and colony formation efficiency was calcu-
lated by dividing the number of colonies formed by the ini-
tial cell number.

2.9 Chromatin Immunoprecipitation (CHIP) Assay
Cells were cross-linked with 1% formaldehyde

(Sigma-Aldrich, Shanghai, China) for 10 minutes at room
temperature to preserve protein-DNA interactions. The re-
action was subsequently quenched with 125 mM glycine
(Sigma-Aldrich, Shanghai, China). Following this, cells
were lysed in chromatin immunoprecipitation (ChIP) ly-
sis buffer (Thermo Fisher Scientific, Waltham, MA, USA),
and chromatin was fragmented to an average size of 200–
1000 bp by sonication. The sheared chromatin was sub-
jected to overnight immunoprecipitation at 4 °C using an-
tibodies (Anti-FOSL1, ab252421, 1/30, Abcam, Shanghai,
China; IgG, I8140, 1/30, Sigma-aldrich, Shanghai, China)
specific to the protein of interest or control immunoglobu-
lin G (IgG). Immunoprecipitated DNA-protein complexes
were then eluted, and cross-links were reversed by heating
at 65 °C for 4 hours. Purified DNA was analyzed by qPCR
using primers specific to the target DNA sequences to iden-
tify the presence of these sequences in the immunoprecipi-
tates. Results were normalized to input DNA to account for
variations in chromatin preparation and PCR efficiency.

2.10 Luciferase Reporter Assay
For luciferase assays, cells were co-transfected with

a luciferase reporter plasmid containing the PLIN3 pro-
moter region and a Renilla luciferase plasmid as an internal
control to assess transfection efficiency. Forty-eight hours

post-transfection, cell lysates were prepared using passive
lysis buffer according to the manufacturer’s instructions.
Luciferase activity was measured using a dual-luciferase
reporter assay system (Thermo Fisher Scientific, Waltham,
MA, USA), with the firefly luciferase signal, reflecting the
promoter activity of the target gene, normalized to the Re-
nilla luciferase signal to correct for transfection efficiency.
Relative promoter activity was determined by calculating
the ratio of firefly to Renilla luciferase activity.

2.11 Xenograft Tumor Assay
Six-week-old female nude mice (Bikai Keyi Biotech-

nology Co., Ltd., Shanghai, China) were subcutaneously
injected with H2030/DDP cells into the right flank under
anesthesia with ketamine (100 mg/mL) and acepromazine
(10 mg/mL) at a dose of 100 mg/kg and 5.0 mg/kg, re-
spectively, via intraperitoneal injection. The injected cells
had undergone FOSL1 knockdown, or FOSL1 knockdown
combined with overexpression of PLIN3 or Wnt3a. Mice
received intraperitoneal injections of DDP at a dose of 2
mg/kg, twice weekly. Tumor dimensions were measured
weekly, and tumor volumewas calculated using the formula
(length × width2)/2 to ensure consistent and accurate mea-
surements. At the study’s conclusion, mice were humanely
euthanized via quick cervical dislocation, and tumors were
carefully excised and weighed to evaluate tumor burden.
The study adhered to the Animal Research: Reporting of
In Vivo Experiments (ARRIVE) guidelines 2019 and was
approved by the ethical committee of PLA Naval Medical
Center.

2.12 Statistical Analysis
Experimental data were processed and analyzed using

GraphPad Prism 19.0 software (Dotmatics, Boston, MA,
USA). Quantitative data are presented as mean ± standard
deviation (SD) from at least three independent experiments.
Statistical comparisons between groups were conducted us-
ing one-way analysis of variance (ANOVA) followed by
Tukey’s post-hoc test for multiple comparisons. For two-
group comparisons, an unpaired two-tailed Student’s t-test
was applied. p-values less than 0.05 were considered statis-
tically significant. Kaplan-Meier survival curves were an-
alyzed using the log-rank (Mantel-Cox) test. Correlation
analysis was performed using Pearson’s correlation coeffi-
cient. All figures were generated with GraphPad Prism, and
results were interpreted in the context of their biological rel-
evance.

3. Result
3.1 Bioinformatics Analysis Revealed Prominent
Expression of PLIN3 in LUAD and its Strong Correlation
with LUAD Prognosis

Querying the TCGA database via GEPIA (http://gepi
a2.cancer-pku.cn/#survival) and performing survival anal-
ysis using the Kaplan-Meier Plotter database confirmed
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Fig. 1. Bioinformatics analysis revealed prominent expression of PLIN3 in LUADand its strong correlationwith LUADprognosis.
(A) Survival probabilities from the TCGAdatabase viaGEPIA (http://gepia2.cancer-pku.cn/#survival) for patients with LUAD exhibiting
high (n = 239) and low/medium (n = 239) PLIN3 expression (p< 0.01). (B) Survival probabilities from the Kaplan-Meier Plotter database
for patients with LUAD exhibiting high (n = 1082) and low (n = 1084) PLIN3 expression (p = 0.00023). PLIN3 expression in LUAD
across various sample types (C), cancer stages (D), smoking habits (E), nodal metastasis status (F), TP53 mutation status (G), and
histological subtypes (H). *p < 0.05, **p < 0.01. PLIN3, perilipin 3; LUAD, lung adenocarcinoma; TCGA, the cancer genome atlas.

a strong association between elevated PLIN3 expression
and poor prognosis in LUAD (Fig. 1A,B). Results from
both databases revealed that patients with higher PLIN3
expression had significantly reduced survival times (p <

0.0001). Further analysis in the UALCANdatabase demon-
strated that PLIN3 is markedly upregulated in LUAD tis-
sues (Fig. 1C), with consistent findings across various
LUAD subgroups stratified by cancer stages, smoking his-
tory, nodal metastasis status, TP53 mutation status, and
histological subtypes (Fig. 1D–H). PLIN3 expression was
significantly higher in all stages (1–4) compared to nor-
mal tissues (p < 0.01). Additionally, PLIN3 expression

was significantly higher in patients with LUAD regard-
less of smoking history compared to normal tissues (p <

0.01), suggesting that PLIN3 expression may be indepen-
dent of smoking. Regarding nodal metastasis status, PLIN3
expression levels were significantly elevated in patients
across N0-N3 categories compared to normal (p < 0.01).
For TP53 mutation status, both TP53-mutant and TP53-
wildtype patients showed higher PLIN3 expression com-
pared to normal (p < 0.01). In summary, bioinformatics
analyses provide compelling evidence thatPLIN3 is signifi-
cantly upregulated in LUAD and is strongly associated with
poor patient survival.
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Fig. 2. PLIN3 was markedly elevated in LUAD and promoted DDP resistance. (A) Relative PLIN3 mRNA levels in normal and
LUAD tissues (n = 24). Transcription (B) and translation (C) levels of PLIN3 in five NSCLC cell lines. (D,E) Western blot analysis of
PLIN3 translation levels in H2030 and H1775 cells transfected with shNC or shPLIN3. Cell viability (F,G) of H2030 and H1775 cells
transfected with shNC or shPLIN3. (H) PLIN3 protein levels in H2030 and H2030/DDP cells (left) and in H2030/DDP cells transfected
with shNC or shPLIN3 (right). Cell viability (I) and IC50 values (J) in gradient DDP concentrations of H2030 cells transfected with
shNC or shPLIN3. Cell viability (K) and IC50 values (L) in gradient DDP concentrations of H2030/DDP cells transfected with shNC or
shPLIN3. *p < 0.05, **p < 0.01. DDP, cisplatin; NSCLC, non-small cell lung cancer; shNC, short hairpin RNA negative control.

3.2 PLIN3 was Markedly Elevated in LUAD and Promoted
DDP Resistance

Building on previous analyses, PLIN3 mRNA lev-
els were assessed in 24 pairs of normal and LUAD tis-
sues, revealing a marked elevation in PLIN3 expression in
LUAD tissues (Fig. 2A). Consistent with these results, both
transcriptional and translational levels of PLIN3 were sig-
nificantly upregulated in five NSCLC cell lines (H2030,
H2405, H1755, H2347, and H1703) compared to nor-

mal BEAS-2B cells (Fig. 2B,C). Among these, PLIN3 ex-
pression was most prominent in H2030 and H1775 cells,
which were selected for further investigation. The im-
pact of PLIN3 knockdown was confirmed in H2030 and
H1775 cells (Fig. 2D,E), with results showing that PLIN3
knockdown notably reduced cell viability (Fig. 2F,G). In
H2030/DDP cells, PLIN3 expression was significantly de-
creased compared to normal H2030 cells (Fig. 2H), and
PLIN3 shRNA also significantly reduced PLIN3 levels in
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Fig. 3. PLIN3 activates the Wnt/β-catenin signaling pathway. (A) Relative mRNA levels of Wnt family members in DDP-resistant
LUAD cells transfected with OE-PLIN3 or shPLIN3. Protein levels of Wnt3a, intracytoplasmic β-catenin, and nuclear β-catenin in
DDP-resistant LUAD cells transfected with shPLIN3 (B,C) or OE-PLIN3 (D,E). **p < 0.01 compared to corresponding sh-NC or OE-
NC groups. DDP, cisplatin; LUAD, lung Adenocarcinoma; OE, overexpressed; sh, short hairpin RNA.

H2030/DDP cells. Moreover, cytotoxicity assays demon-
strated that PLIN3 shRNA treatment significantly increased
the susceptibility of H2030 cells to DDP (Fig. 2I,J). The
knockdown of PLIN3 in H2030/DDP cells significantly di-
minished cell viability and reduced the IC50 value in re-

sponse to DDP treatment (Fig. 2K,L). In conclusion, these
results suggest that PLIN3 is notably elevated in LUAD,
playing a role in promoting DDP resistance.
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Fig. 4. FOSL1 may regulate PLIN3 expression. (A) Intersection of proteins correlated with PLIN3 and transcription factors regulating
PLIN3. Survival probabilities from the TCGA database for patients with LUAD exhibiting high or low/medium expression of FOSL2
(B), TEAD1 (C), RELA (D), and FOSL1 (E, p < 0.0001). (F) Positive linear correlation between FOSL1 and PLIN3 expression (p = 0,
R2 = 0.47). FOSL1, FOS-like antigen 1; FOSL2, FOS-like antigen 2; TEAD1, TEA domain transcription factor 1; RELA, v-rel avian
reticuloendotheliosis viral oncogene homolog A.

3.3 PLIN3 Activates the Wnt/β-Catenin Signaling Pathway
Given the pivotal role of the Wnt/β-catenin signaling

pathway in drug resistance mechanisms in lung cancer [25],
DDP-resistant LUAD cells were subjected to either PLIN3
overexpression or knockdown, and the impact on Wnt
mRNA expression was subsequently assessed. Among the
Wnt family members, only Wnt3a mRNA expression was
significantly altered (Fig. 3A). To further validate these ob-
servations, the effects of PLIN3 overexpression or knock-
down on protein levels of intracytoplasmic Wnt3a, intracy-
toplasmic β-catenin, and nuclear β-catenin were evaluated.
The results demonstrated that PLIN3 knockdown notably
reduced Wnt3a protein levels, increased intracytoplasmic
β-catenin protein levels, and decreased nuclear β-catenin
levels (Fig. 3B,C). Conversely, PLIN3 overexpression in-
duced the opposite effects (Fig. 3D,E). These results col-
lectively indicate that PLIN3 overexpression significantly
upregulates Wnt3a expression, promotes β-catenin nuclear
translocation, and activates the Wnt3a/β-catenin signaling
pathway.

3.4 FOSL1 may Regulate PLIN3 Expression
To investigate the upstream regulatory factors of

PLIN3, the TCGAdatabase was queried to identify 205 pro-
teins strongly correlated with PLIN3 expression. The JAS-

PAR database (https://jaspar.elixir.no/) was then used to
identify 605 transcription factors (TFs) with potential bind-
ing sites in the PLIN3 promoter region. The intersection of
these two datasets revealed four common proteins: FOS-
like antigen 2 (FOSL2), TEA domain transcription factor 1
(TEAD1), v-rel avian reticuloendotheliosis viral oncogene
homolog A (RELA), and FOSL1 (Fig. 4A). Further analy-
sis using the TCGA database evaluated the prognostic sig-
nificance of these four proteins in patients with LUAD, re-
vealing that only FOSL1 was consistently associated with
poorer survival outcomes (Fig. 4B–E). Additionally, analy-
sis from the GEPIA database (http://gepia.cancer-pku.cn/
index.html) showed a positive linear correlation between
FOSL1 and PLIN3 expression (Fig. 4F). These data suggest
that FOSL1 may regulate PLIN3 expression and influence
survival in LUAD.

3.5 FOSL1 Promotes DDP Resistance in LUAD through
Mediation of PLIN3

Building on previous findings regarding FOSL1’s role
in regulating PLIN3 expression, its impact on DDP re-
sistance in LUAD cells was further investigated. FOSL1
translation and transcription levels were evaluated in nor-
mal lung cells and five NSCLC cell lines, with results re-
vealing prominent FOSL1 expression across all NSCLC
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Fig. 5. FOSL1 promotes DDP resistance in LUAD throughmediation of PLIN3. The translation (A,B) and transcription (C) levels of
FOSL1 in five NSCLC cell lines. The translation (D,E) and transcription (F) levels of PLIN3 in H2030/DDP cells transfected with siNC
or siFOSL1. The cell vitality (G,H) and IC50 values (I) in gradient DDP concentration of H2030/DDP and H1775/DDP cells treated with
siFOSL1, siPLIN3, or siFOSL1+OE-PLIN3. (J,K) The cell vitality of H2030/DDP and H1755/DDP cells treated with siFOSL1, siPLIN3,
or siFOSL1+OE-PLIN3. **p< 0.01; ##p< 0.01 compared to si-NC; &&p< 0.01 compared to si-NC; $$p< 0.01 compared to si-FOSL1.

cells (Fig. 5A–C). H2030/DDP cells were incubated with
FOSL1 siRNA, and the protein and mRNA levels of PLIN3
were subsequently quantified. The results showed that
both the transcriptional and translational levels of PLIN3
were significantly reduced following FOSL1 knockdown
(Fig. 5D–F). Additionally, H2030/DDP and H1775/DDP
cells were transfected with siFOSL1, siPLIN3, or a com-

bination of siFOSL1 and a PLIN3 overexpression plasmid
(siFOSL1+OE-PLIN3), and changes in cell viability and
IC50 values at varying DDP concentrations were moni-
tored. FOSL1 and PLIN3 knockdown increased the sus-
ceptibility of both H2030/DDP and H1775/DDP cells to
DDP, while PLIN3 overexpression mitigated the effects
of FOSL1 knockdown (Fig. 5G–I). Further survival as-
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Fig. 6. FOSL1 enhances the clonogenic potential of DDP-resistant LUAD cells by triggering the Wnt3a/β-catenin signaling
pathway via PLIN3. (A,B) The cell colony numbers of H2030/DDP and H1775/DDP cell lines treated with siFOSL1, siPLIN3, and
siFOSL1+OE-PLIN3. (C,D) The protein levels of Wnt3a, intracytoplasmic β-catenin, and nuclear β-catenin in DDP-resistant LUAD
cells treated with siFOSL1, siPLIN3, and siFOSL1+OE-PLIN3. *p < 0.05, **p < 0.01; ##p < 0.01 compared to si-FOSL1.

sessments revealed that siFOSL1 and siPLIN3 treatments
significantly impaired cell viability, whereas PLIN3 over-
expression counteracted the detrimental effects of FOSL1
knockdown on cell survival (Fig. 5J,K). These results high-
light the role of FOSL1 in promoting DDP resistance in
LUAD cells through the regulation of PLIN3.

3.6 FOSL1 Enhances the Clonogenic Potential of
DDP-Resistant LUAD Cells by Triggering the
Wnt3a/β-Catenin Signaling Pathway via PLIN3

DDP-resistant LUAD cell lines were treated with
siFOSL1, siPLIN3, or siFOSL1+OE-PLIN3, and the num-
ber of cell clones, along with protein levels of Wnt3a, in-
tracytoplasmic β-catenin, and nuclear β-catenin, were as-
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Fig. 7. The transcription factor FOSL1 promotes PLIN3 expression via direct binding to the P1 sequence of the PLIN3 promoter.
(A) The potential binding sequences of FOSL1 to the PLIN3 promoter identified by the JASPER database. (B) The profile summary
and sequence logo of FOSL1 from the JASPER database. (C,D) The validation of the potential binding sequences of FOSL1 to the
PLIN3 promoter by chromatin immunoprecipitation assay in two cell lines. Luciferase reporter assays of PLIN3 transcriptional activity
following FOSL1 overexpression and knockdown in 293T (E), H2030/DDP (F), and H1775/DDP (G) cells. *p < 0.05, **p < 0.01.

sessed. Results demonstrated that knockdown of FOSL1
and PLIN3 significantly reduced the number of cell clones
(Fig. 6A,B) and lowered the levels of Wnt3a and nuclear
β-catenin, while increasing cytoplasmic β-catenin levels
(Fig. 6C,D). Conversely, PLIN3 overexpression reversed
the effects ofFOSL1 knockdown. These results suggest that
FOSL1 promotes theWnt3a/β-catenin signaling cascade by
enhancing Wnt3a expression and facilitating β-catenin nu-
clear translocation through PLIN3.

3.7 The Transcription Factor FOSL1 Promotes PLIN3
Expression via Direct Binding to the P1 Sequence of the
PLIN3 Promoter

To further investigate the sequence sites through
which FOSL1 regulates PLIN3 expression, a search of the

JASPER database identified three potential binding sites of
FOSL1 on the PLIN3 promoter (P1-P3, Fig. 7A). The pro-
file summary and sequence logo for FOSL1 were retrieved
from the JASPER database (Fig. 7B). Chromatin immuno-
precipitation (ChIP) assays confirmed that FOSL1 directly
binds to the P1 sequence of the PLIN3 promoter in DDP-
resistant cells (Fig. 7C,D). Furthermore, luciferase reporter
assays performed in 293T, H2030/DDP, and H1775/DDP
cells revealed a significant increase in PLIN3 promoter-
driven reporter activity upon FOSL1 overexpression and a
marked decrease following FOSL1 knockdown (Fig. 7E–
G). These results indicate that FOSL1 enhances PLIN3
expression by directly binding to the P1 sequence of the
PLIN3 promoter.
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Fig. 8. Validation of FOSL1, PLIN3, andWnt3a in mediating LUADDDP resistance in vivo. (A,B) The growth rate of subcutaneous
tumors following intraperitoneal administration of DDP in nude mice. (C) The weight of subcutaneous tumors following intraperitoneal
administration of DDP in nude mice. **p < 0.01; ##p < 0.01 compared to si-FOSL1.

3.8 Validation of FOSL1, PLIN3, and Wnt3a in Mediating
LUAD DDP Resistance in vivo Models

To assess the in vivo impact, H2030/DDP cells were
treated with FOSL1 siRNA in combination with PLIN3 or
Wnt3a overexpression plasmids (OE-PLIN3 or OE-Wnt3a)
and subcutaneously implanted into nude mice. Tumor
growth was monitored following intraperitoneal adminis-
tration of DDP (2 mg/kg) twice a week. The results showed
that FOSL1 knockdown significantly suppressed tumor
growth and weight in the subcutaneous model, whereas
overexpression of PLIN3 or Wnt3a reversed this effect
(Fig. 8A–C). These in vivo data confirm that FOSL1 pro-
motes DDP resistance in LUAD through upregulation of
PLIN3 andWnt3a.

4. Discussion
LUAD, the most prevalent subtype of lung cancer,

presents significant diagnostic challenges due to its often
asymptomatic early stages, which contribute to delayed de-
tection and poor prognosis [2,26–29]. At advanced stages,
systemic therapies, including chemotherapy, remain the
primary treatment options [29–32]. DDP-based chemother-
apy is a cornerstone of LUAD management [33,34], with
initial responses typically promising; however, the eventual
development of resistance significantly limits its long-term
effectiveness [8,35]. Notably, DDP resistance is more pro-
nounced in LUAD compared to LUSC [7,8], emphasizing
the urgent need for a deeper understanding of the under-
lying biological mechanisms of DDP resistance to develop
more effective therapeutic strategies.

One key factor implicated in cancer progression and
chemoresistance is LD accumulation, commonly observed
in cancer cells [10,16,36]. LDs, as the primary organelles
responsible for storing neutral lipids in eukaryotic cells,
play critical roles in cellular metabolism, membrane syn-
thesis, and steroidogenesis [10,14–16]. Additionally, they

are closely linked to various cancer-related processes, in-
cluding tumorigenesis, invasion, metastasis, and chemore-
sistance [10,16]. PLIN3, located on the surface of LDs, is
essential for LD formation, structural integrity, and func-
tional regulation [37,38]. Overexpression of PLIN3 has
been associated with poor prognosis in multiple cancers,
including breast cancer, clear cell renal cell carcinoma, and
hepatocellular carcinoma [18–20]. Our study demonstrates
that PLIN3 is significantly upregulated in LUAD and that
its overexpression correlates with unfavorable clinical out-
comes. Notably, PLIN3 elevation is involved in the devel-
opment of DDP resistance in LUAD, likely through the reg-
ulation of lipid metabolism, thereby supporting cancer cell
survival under chemotherapy-induced stress.

The Wnt signaling pathway, a highly conserved sys-
tem, regulates cell proliferation and differentiation, pri-
marily by stabilizing cytoplasmic β-catenin, which then
translocates to the nucleus to activate downstream genes
[39]. Dysregulation of theWnt/β-catenin pathway has been
strongly associated with DDP resistance in lung cancer. For
example, Ribonucleotide Reductase M2 has been shown to
enhance DDP resistance in LUAD cells through activation
of the Wnt/β-catenin signaling cascade [40]. Conversely,
miR-32 and miR-548a inhibit the Wnt/β-catenin pathway
by blocking Roundabout homolog 1, thus increasing DDP
sensitivity in NSCLC cells [41]. Additionally, miR-448
modulatesWnt/β-catenin signaling by targeting special AT-
rich sequence binding protein 1 (SATB1), thereby reversing
DDP resistance in lung cancer cells [42]. As a member of
the PLIN family, PLIN2 has been shown to promote tumor
growth by modulating GSK3 and Wnt/β-catenin signaling
[43]. Building on this, it was hypothesized that PLIN3 may
also play a role in the Wnt signaling pathway. Consis-
tent with this hypothesis, our findings indicate that PLIN3
significantly enhances Wnt3a expression and facilitates β-
catenin nuclear translocation, thereby contributing to DDP
resistance in LUAD. This discovery highlights a previously
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unrecognized link between PLIN3 and the Wnt signaling
pathway in mediating chemoresistance.

This study identifies FOSL1 as the sole transcription
factor significantly associated with both PLIN3 expression
and reduced survival in patients with LUAD. FOSL1, a
subunit of the AP-1 transcription factor complex, plays a
critical role in cell differentiation, stress response, and tu-
morigenesis [44]. Previous research has demonstrated that
FOSL1 is pivotal in the progression of lung cancer, par-
ticularly in KRAS-mutant variants, where its elevated ex-
pression correlates with poor prognosis [45]. Mechanisti-
cally, FOSL1 promotes KRAS-driven lung cancer by reg-
ulating survival genes and amphiregulin expression [46].
However, its role in tumor drug resistance has remained
largely unexplored. In this study, the direct interaction be-
tween FOSL1 and the PLIN3 promoter was further con-
firmed. A combination of in vitro and in vivo experiments
demonstrated that FOSL1 regulates PLIN3 transcription,
subsequently activating the Wnt3a/β-catenin pathway and
promoting DDP resistance in LUAD. These findings pro-
vide novel insights into the involvement of FOSL1 in tu-
mor DDP resistance, offering a potential therapeutic target
for overcoming DDP resistance in LUAD.

Several limitations of this study should be acknowl-
edged. First, the reliance on bioinformatics databases for
analyzing PLIN3 expression and its correlation with pa-
tient prognosis may introduce potential bias or inaccuracies.
Second, the use of in vitro cell line models to investigate
the mechanisms of PLIN3 in DDP resistance may not fully
capture the complexity of tumor biology in patient tissues.
Third, the findings are primarily based on experiments con-
ducted in cell lines, which may not accurately represent the
in vivo tumor microenvironment. The effects of PLIN3,
FOSL1, and Wnt3a/β-catenin signaling on DDP resistance
may be influenced by factors present in the tumor microen-
vironment, which are not reflected in cell culture models.

5. Conclusion
In conclusion, this study establishes that PLIN3

promotes DDP resistance in LUAD by stimulating the
Wnt3a/β-catenin signaling pathway. FOSL1 was identified
as a central TF that directly regulates PLIN3 expression, en-
hancing DDP resistance. Future research should focus on
developing inhibitors targeting the FOSL1/PLIN3/Wnt/β-
catenin axis, with the aim of their clinical application in
LUAD.
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