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RESEARCH PAPER

Effect of extracellular vesicle ZNF280B derived from lung cancer stem cells on lung 
cancer progression
Qixia Guoa,b*, Jiayan Lua,b*, Hui Zhaoa, Ding Zhouc, and Hua Liu a

aDepartment of Pulmonary and Critical Care Medicine, Affiliated Hospital of Nantong University, Medical School of Nantong University, Nantong, 
People’s Republic of China; bDepartment of Pulmonary and Critical Care Medicine, Rugao Boai Hospital, Nantong, People’s Republic of China; 
cDepartment of Radiotherapy, LianShui County People’s Hospital, Huai’an, People’s Republic of China

ABSTRACT
Objective: The purpose of this research was to investigate the role of extracellular vesicles derived 
from lung cancer stem cells (lung CSCs-EVs) in lung cancer and to explore their potential 
mechanisms.
Methods: Lung CSCs were first isolated and verified using flow cytometry and RT-qPCR assays. Lung 
CSCs-EVs were extracted through ultracentrifugation and further characterized using transmission elec
tron microscopy and Western blotting. The interaction between lung CSCs-EVs and lung cancer cells was 
observed through PKH67 staining. Subsequently, we analyzed the differentially expressed genes in lung 
CSCs using bioinformatics data analysis and evaluated the prognostic value of ZNF280B in lung cancer 
with the Kaplan-Meier Plotter. RT-qPCR was utilized to assess the mRNA expression levels of these genes, 
while Western blotting was used to evaluate the protein expression levels of ZNF280B and P53. Next, 
CCK-8 and colony formation assays were conducted to assess the effects of lung CSCs-EVs and ZNF280B 
on cancer cell proliferation, migration (via wound healing assay), and invasion (using transwell assay). 
Additionally, subcutaneous tumor-bearing experiments in nude mice were performed to evaluate the 
roles of lung CSCs-EVs in lung cancer progression in vivo.
Results: The results indicated that lung CSCs-EVs accelerated the progression of lung cancer. 
Mechanistically, these lung CSCs-EVs transferred ZNF280B into cancer cells, leading to the inhibition of 
P53 expression.
Conclusions: In summary, the manuscript first describes the molecular mechanism by which lung CSCs- 
EVs promote pro-cancer functions in lung cancer through the ZNF280B/P53 axis.
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Introduction

According to the GLOBOCAN 2022 statistics, lung cancer ranks 
first in both incidence and mortality among all types of cancer. 
Each year, there are over 2.4 million new cases and 1.81 million 
deaths.1 Non-small cell lung cancer (NSCLC) constitutes the 
majority of lung cancer cases.2 Despite significant advancements 
in treatment, the average 5-y survival rate for NSCLC has 
remained at a mere 16% over the past 40 y.3 Tumor recurrence 
and metastasis are considered the primary causes of adverse 
clinical outcomes and cancer-related deaths.4 Furthermore, 
most patients with early-stage lung cancer do not exhibit clinical 
symptoms and are often diagnosed at advanced or metastatic 
stages, resulting in missed opportunities for optimal treatment.5 

Therefore, elucidating the potential mechanisms underlying 
malignant progression in lung cancer and identifying new ther
apeutic targets has significant clinical implications.

Cancer stem cells (CSCs) are a highly tumorigenic sub
group of tumor cells characterized by their ability to self- 
renew and differentiate in multiple directions.6 Substantial 
research has demonstrated that CSCs are instrumental in 

tumor initiation, progression, recurrence, and treatment 
resistance.7–9 Recently, attention has shifted to CSCs-EVs, 
which facilitate communication between CSCs and non- 
CSCs by delivering a variety of bioactive molecules, thereby 
influencing cancer progression and the surrounding 
microenvironment.10 Exosomes, a type of lipid-based extra
cellular vesicle, transport proteins, lipids, mRNA, miRNA, and 
other molecules from parental cells to recipient cells, serving as 
important intercellular signal transducers.11 Recent studies 
have identified that CSCs-EVs play a crucial role in the malig
nant progression of various cancers, including lung cancer. For 
instance, exosomal lncRNA CDKN2B-AS1 derived from CSCs 
has been shown to promote the occurrence and development 
of thyroid cancer by regulating the miR-122-5p-P4HA1 
pathway.12 Additionally, bladder CSC-mediated exosome 
miR-105-5p has been found to accelerate the malignancy of 
bladder cancer by targeting GPR12.13 Furthermore, lung 
CSCs-EVs have been implicated in facilitating lung cancer 
the metastasis via the miR-210-3p/FGFRL1 pathway.14 

Therefore, this manuscript aims to further investigate the 
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mechanisms by which lung CSCs-EVs contribute to the pro
gression of lung cancer.

In this research, microarray data (GSE50627) were utilized 
to identify differentially expressed genes (DEGs) in lung CSCs. 
Among the screened DEGs, ZNF280B was selected due to its 
expression significantly upregulated expression. Functional 
experiments further confirmed the association between 
ZNF280B and lung cancer progression. However, it remains 
unclear whether ZNF280B mediates signaling communication 
between lung CSCs and lung cancer cells through the delivery 
of extracellular vesicles. Therefore, the paper aimed to inves
tigate whether and how ZNF280B facilitates the signal com
munication between lung CSCs and lung cancer cells via 
extracellular vesicles. This study not only enhances the under
standing of the regulatory pathways involving lung CSCs-EVs, 
but also provides new directions and potential targets for lung 
cancer treatment.

Materials and methods

Microarray analysis

The raw microarray data for the transcriptomic analysis of 
NSCLC stem cells (GSE50627) were obtained from GEO data
base (http://www.ncbi.nlm.nih.gov/geo). Affymetrix microar
rays were performed on cancer stem cells using the GeneChip 
Human Gene 1.0 ST array. The dataset comprised a total of five 
cell samples, including a normal stem cell group (isolated from 
a normal lung epithelial cell line, n = 2) and a cancer stem cell 
group (isolated from A549 and NCI-H2170 cells, n = 3). The 
UALCAN database (http://ualcan.path.uab.edu/) was utilized to 
predict the expression of ZNF280B in lung adenocarcinoma 
(LUAD) and lung squamous cell carcinoma (LUSC). 
Subsequently, the Kaplan-Meier Plotter website (http://kmplot. 
com/analysis/index.php?p=background) was employed to 
further evaluate the association between ZNF280B expression 
and overall survival (OS) and first progression (FP) in lung 
cancer patients. Additionally, the Vesiclepedia database (http:// 
microvesicles.org/index.html) was used to predict the presence 
of ZNF280 in stem cell extracellular vesicles.

Cells

Cell Bank of the Chinese Academy of Sciences (Shanghai, 
China) provided the human normal lung epithelial cell line 
BEAS-2B (Cat. No. SCSP-5067), the A549 cell line (Cat. No. 
SCSP-503), and the H2170 cell line (Cat. No. SCSP-5098). 
DMEM medium (Gibco, USA) was used to culture the BEAS- 
2B and A549 cells, while RPMI-1640 medium was utilized for 
the H2170 cells. All media were supplemented with 1% penicil
lin/streptomycin and 10% fetal bovine serum (FBS; Gibco). The 
culture conditions were maintained at 5% CO2 and 37°C.

Enrichment of lung CSCs

A549 and H2170 spheres were enriched as previously 
described.14 Specifically, A549 and H2170 cells were first pre
pared as single-cell suspensions and seeded onto 6-well ultra- 
low attachment plates (Corning, USA). The cells were cultured 

in serum-free stem cell medium (SCM), which was prepared 
using DMEM/F12K (Gibco), 10 ng/mL rhEGF (Sigma, USA), 
10 ng/mL bFGF (Sigma), and 4 U/I insulin (Sigma) for 12 d, 
followed by dissociation with Accutase (Invitrogen, USA). The 
spheres after the fifth generation were used for subsequent 
assays.

Isolation and characterization of lung CSCs

As preceding described,15 Lung CSCs were obtained. Briefly, 
CD133+ cells were isolated using an immunomagnetic bead 
sorting kit and instrument. The cells were prepared as single- 
cell suspensions and incubated with a CD133 antibody-bead 
complex for 30 min. Subsequently, the supernatants were 
removed by centrifugation, and the cells were re-suspended 
by adding a sorting solution. Next, the cell suspensions were 
processed using a separation column to eluate the CD133+ 

cells. Finally, flow cytometry was employed to sort the cells 
that had been incubated with either the CD133-PE antibody or 
the control IgG-PE antibody.

Transient transfection assay

The ZNF280B overexpression vector (ZNF280B) and the cor
responding negative control vector (pcDNA3.1) were obtained 
from Sino Biological (Beijing, China). GenePharma (Shanghai, 
China) supplied the small interfering RNA specific for 
ZNF280B (siZNF280B) along with its corresponding negative 
control (siRNA). Lipofectamine 3000 (Invitrogen, USA) was 
used to transfect these vectors and siRNAs into A549 and 
H2170 cells. After 6–12 h of transfection, the medium was 
discarded and replaced with fresh medium, and the cells 
were incubated for an additional 24 or 48 h. Following trans
fection, subsequent experiments were conducted, and RT- 
qPCR was employed to assess the transfection efficiency.

Extraction and identification of lung CSCs-EVs

Lung CSCs-EVs were extracted as described by Liu et al.16 The 
fifth generation of lung CSCs was transferred to serum-free 
medium and cultured for 12 h. Cell supernatants were har
vested and centrifuged at 800 × g for 10 min, followed by 
a second centrifugation at 20, 000 × g for 20 min to remove 
cell debris. The supernatants were then filtered using a 0.22 μm 
filter (Millipore, USA) and subjected to centrifugation at 100, 
000 × g for 90 min. The resulting pellets were re-suspended in 
100 µL of PBS to obtain relatively pure lung CSCs-EVs. All 
procedures were performed at 4°C. A transmission electron 
microscope (TEM) (Hitachi, Tokyo, Japan) was used to visua
lize the purified lung CSCs-EVs. Western blot analysis was 
conducted to assess the presence of extracellular vesicle biomar
kers, including CD9, CD81, TSG101 and CD63. Additionally, 
we measured the protein expression level of the negative con
trol, Calnexin.

To obtain lung CSCs-EVs containing siRNA and 
siZNF280B, siRNA and siZNF280B were transfected into 
lung CSCs. After transfection 48 h, the cells were collected 
and centrifuged to isolate the transfected lung CSCs-EVs. In 
addition, fresh medium was used to replace the existing culture 
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medium before EVs isolation following transfection to prevent 
any potential confounding effects.

Extracellular vesicle labeling

Lung CSCs-EVs were labeled using a PKH67 fluorescence 
probe (Sigma) to observe the entry of these vesicles into lung 
cancer cells following co-incubation. To prevent micelle con
tamination, the following steps were taken. Firstly, the con
centration and usage amount of the labeling reagent were 
strictly controlled. Precise measurement and optimization of 
experimental conditions were carried out to ensure that the 
labeling reagent functions within a reasonable range and 
reduce the risk of micelle formation due to excessive reagent. 
Secondly, environmental factors such as temperature and pH 
value during the labeling process were strictly monitored and 
adjusted. Appropriate environmental conditions can lower the 
possibility of micelle formation. For example, maintaining 
within a specific temperature range to avoid unnecessary reac
tions caused by excessive or low temperatures. Thirdly, multi
ple filtration and washing steps were performed before and 
after labeling. Filters with appropriate pore sizes were used to 
remove possible micelles and other impurities and ensure the 
purity of the labeling system. After incubation with PKH67- 
labeled lung CSCs-EVs for 3 h, cancer cells were counter
stained with DAPI (Sigma). Finally, Fluorescence microscope 
(Carl Zeiss, Germany) was used to observe green fluorescence. 
In addition, to determine whether micelle contamination 
occurred during the labeling process, we conducted a particle 
size analysis on the labeled EVs. The particle size of exosomes 
was analyzed using the NanoSight NS300 (NanoSight 
Technology, Malvern, UK).

RNA extraction and rt-qPCR

Total RNAs were extracted using TRIzol reagent (Invitrogen, 
USA). The PrimeScript RT Reagent Kit (Takara, Japan) was 
utilized to synthesize complementary DNA (cDNA). The 
SYBR Premix Ex TaqTM (Takara) was employed to quantify 
RNA expression levels. The 2−ΔΔCq method was used to assess 
the relative expression levels of ALDH, OCT4, NANOG, 
SOX2, ZNF280B and TP53, with GAPDH serving as the nor
malized control. Primers for ALDH, OCT4, NANOG, SOX2, 
ZNF280B and TP53 were obtained from GenePharma, and the 
sequences were seen in Table 1. In the co-incubation experi
ment, lung CSC-EVs were co-incubated with A549 and H2170 
cells for 24 h.

Western blotting

Total proteins were extracted from lung CSCs, lung CSCs-EVs 
and transfected A549 and H2170 cells using the RIPA lysis 
buffer (Beyotime, China). The protein concentration was then 
determined using a BCA assay kit (Beyotime). A total of 40 μg 
protein samples were separated by SDS-PAGE and subse
quently transferred to PVDF membranes. The membranes 
were incubated with primary antibodies overnight, followed 
by incubation with secondary antibody for 2 h. Protein bands 
were visualized using ECL detection reagents (Thermo, USA). 
The antibodies used in this study were as follows: anti-CD9 
(1:1000, ab223052, Abcam), anti-CD81 (1:1000, ab109201, 
Abcam), anti-TSG101 (1:1000, ab228013, Abcam), anti-CD63 
(1:1000, ab134045, Abcam), anti-Calnexin (1:1000, ab133615, 
Abcam), anti-ZNF280B (1:1000, #DF9950, Affinity 
Biosciences), anti-P53 (1:1000, ab131442, Abcam) and anti- 
GAPDH (1:2000, ab181602, Abcam).

Cell viability assay

After the treatments (transfected or co-cultured with lung 
CSCs-EVs), a Cell Counting Kit-8 (CCK-8) assay (Beyotime) 
was employed to assess cell proliferation of A549 and H2170 
cells. Briefly, A549 and H2170 cells (2 × 103 cells/well) were 
seeded in 96-well plates and cultured for 0, 24, 48, 72 h. 
Subsequently, 10 μL of CCK-8 was added, and the absorbance 
was measured at 450 nm.

Colony formation assay

Each group of treated A549 and H2170 cells was seeded into 
6-well plates. After incubation for 7 d at 37°C, the cell colonies 
were fixed with 4% paraformaldehyde (Sigma) and stained 
with 1% crystal violet (Sigma) for 10 min. The stained colonies 
were then photographed and counted for statistical analysis.

Wound healing assay

Following treatments (transfected or co-cultured with lung CSCs- 
EVs), a scratch assay was performed to assess the migratory ability 
of A549 and H2170 cells. In brief, the A549 and H2170 cells were 
plated in 6-well plates (2 × 105 cells/well) and consistent wounds 
were created using a pipette. Subsequently, non-adherent cells 
were washed with PBS, and the remaining cells were cultured in 
a medium containing 2% FBS. Photographs were taken at 0 hours 
and 24 hours, respectively (40X).

Table 1. Primers for rt-qPCR.

Targets Sequences

ALDH F: 5’-TGTTAGCTGATGCCGACTTG-3’ R: 5’-TTCTTAGCCCGCTCAACACT-3’

OCT4 F: 5’-GCTCGAGAAGGATGTGGTCC-3’ R: 5’-CGTTGTGCATAGTCGCTGCT-3’
NANOG F: 5’-TCTGGACACTGGCTGAATCCT-3’ R: 5’-CGCTGATTAGGCTCCAACCAT-3’
SOX2 F: 5’-GCCTGGGCGCCGAGTGGA-3’ R: 5’-GGGCGAGCCGTTCATGTAGGTCTG-3’
ZNF280B F: 5’-TGAGCTAATCTTTGTTGGGGTG-3’ R: 5’-TGCAATTTGCGAGCAGTATCTTT-3’
TP53 F: 5’-CAGCACATGACGGAGGTTGT-3’ R: 5’-TCATCCAAATACTCCACACGC-3’
GAPDH F: 5’-GAAGGTGAAGGTCGGAGTC-3’ R: 5’-GAAGATGGTGATGGGATTTC-3’
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Cell invasion assay

The cell invasion was assessed using a Transwell chamber 
(8 μm pore size, Corning) pre-coated with Matrigel (BD 
Biosciences, USA). The experiments were conducted following 
the manufacturer’s instructions. After the treatments (trans
fection or co-culture with lung CSCs-EVs), the invading cells 
were fixed at the bottom of the chamber. Subsequently, 0.1% 
crystal violet was applied to stain the fixed A549 and H2170 
cells. Finally, the stained A549 and H2170 cells were counted 
and photographed using a microscope.

In vivo tumorigenesis assay

The lung cancer cell xenograft in nude mice was conducted as 
previously described.17 Male BALB/c nude mice (4 weeks, 
10–15 g) were obtained from the Experimental Animal 
Center of Nantong University (Nantong, China). Animal 
models were established by subcutaneously injecting A549 
cells (5 × 106) into the right flanks of the BALB/c nude mice. 
To investigate the effects of lung CSCs-EVs on the progression 
of lung cancer in vivo, the nude mice were further injected with 
either lung CSCs-EVs or PBS via the tail vein. Tumor volumes 
were measured every 4d, and tumor volume was calculated 
using the formula: volume = (length × width2/2. After 16d, all 
nude mice were sacrificed humanely and the subcutaneous 
tumors were excised for weighing and photographing. 
Subsequently, the ZNF280B and TP53 expression levels of 
tumor tissues were tested by RT-qPCR. In vivo experiments 
were conducted in accordance with the guidelines approved by 
the Ethics Committee of the Experimental Animal Center of 
Nantong University (Approval Number: S20240417–001).

Statistical analyses

All experiments were repeated three times and the data are 
presented as the mean ± standard deviation. All statistical ana
lyses were performed using GraphPad Prism 8.0. Unpaired 
Student’s t‑test was used for comparisons between two groups, 
while one‑way analysis of variance followed by Tukey’s post 
hoc test was used for comparisons between >2 groups. The 
prognostic value of ZNF280B in lung cancer was assessed 
using Kaplan-Meier Plotter, and survival curves were com
pared using the log-rank test. p < .05 indicated a significant 
difference between groups.

Results

Lung CSCs-EVs promoted the proliferation, migration and 
invasion of lung cancer cells

Lung CSCs exhibit stem cell characteristics and express the 
CD133 marker.18 Flow cytometry was utilized to isolate lung 
CSCs from A549 and H2170 cell lines, and the expression of 
CD133+ was further confirmed. As illustrated in Figure 1a,b, 
lung CSCs were successfully separated. The expression levels of 
stemness-related markers, including ALDH, OCT4, NANOG, 
and SOX2, were subsequently assessed using RT-qPCR. The 
data indicated that the expression levels of these markers in 
CD133+ A549 and CD133+ H2170 were significantly higher 

than those in the parental A549 and H2170 cells (Figure 1c,d). 
To determine whether lung CSCs influence the malignant 
progression of lung cancer through the transfer of EVs, we co- 
cultured lung CSCs with lung cancer cells and observed 
changes in the phenotype of the malignant cells following 
treatment with the EV inhibitor GW4869. CCK-8 (Figure 1e,f) 
and clone formation (Figure 1g) experiments showed that lung 
CSCs can promote the proliferation ability of A549 and H2170 
cells; The wound healing experiment showed that lung CSCs 
can promote the migration ability of A549 and H2170 cells 
(Figure 1h); Transwell experiments have shown that lung 
CSCs can promote the migration and invasion ability of 
A549 and H2170 cells (Figure 1i). However, adding GW4869 
treatment while co culturing cells reversed the promoting 
effect of lung CSCs on the proliferation, migration, and inva
sion ability of A549 and H2170 cells (Figure 1e–i). Based on 
this, we believe that EVs in lung CSCs play a key role in 
promoting malignant progression of lung cancer cells. To 
further investigate the role of lung CSCs-EVs in the malignant 
progression of lung cancer, we extracted and characterized 
these vesicles. The morphology of the extracted extracellular 
vesicles, which ranged from 30 to 150 nm in diameter and 
exhibited a round structure, was observed using TEM 
(Figure 1j). The expression levels of specific markers for the 
extracted extracellular vesicles, including CD9, CD81, TSG101, 
and CD63, were assessed via Western Blot analysis. 
Additionally, we measured the protein expression level of the 
negative control, Calnexin (Figure 1k). Subsequently, lung 
CSCs-EVs labeled with PKH67 probes were co-incubated 
with tumor cells to determine whether these extracellular 
vesicles entered lung cancer cells. As shown in Figure 1l, the 
results indicated that lung cancer cells internalized lung CSCs- 
EVs, suggesting these vesicles have potential effects on lung 
cancer cells. In addition, we also conducted NanoSight analysis 
on the labeled EVs (Figure 1m). Finally, the effects of lung 
CSCs-EVs on the malignant cellular phenotypes of lung cancer 
cells were assessed. CCK-8 and colony formation assays 
demonstrated that the proliferation abilities of A549 and 
H2170 cells presented were significantly enhanced after co- 
incubation with lung CSCs-EVs compared to the PBS control 
group (Figure 1n–p). Wound healing assay, presented in 
Figure 1Q, indicated that lung CSCs-EVs promoted the migra
tory abilities of A549 and H2170 cells. Furthermore, Transwell 
assay revealed that lung CSCs-EVs markedly accelerated the 
invasion and migration of A549 and H2170 cells (Figure 1r). 
These findings collectively suggest that lung CSCs-EVs play an 
oncogenic role in lung cancer cells.

ZNF280B was enriched in lung CSCs-EVs

To elucidate the role of lung CSCs-EVs in cancer progression, 
we further analyzed the GSE50627 microarray dataset to screen 
the differentially expressed genes in lung CSCs. The volcano plot 
indicated that ZNF280B was significantly overexpressed in lung 
CSCs (Figure 2a). Then, we examined the expression levels of 
ZNF280B in NSCLC, which includes LUAD and LUSC, using 
the TCGA database. The data suggested that ZNF280B was 
overexpressed in cancerous tissues (Figure 2b,c). We utilized 
the Kaplan-Meier Plotter website to analyze the correlation 
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between OS and FP with ZNF280B expression levels in lung 
cancer patients. The result indicated that the poor prognosis of 
lung cancer patients was closely associated with the high expres
sion levels of ZNF280B (Figure 2d,e). Subsequently, we assessed 
the mRNA and protein expression levels of ZNF280B in various 
cell types. Compared to BEAS-2B cells, the expression levels of 
ZNF280B mRNA and protein were significantly elevated in 
A549, H2170 cells, and lung CSCs. Notably, the expression levels 
of ZNF280B mRNA and protein in lung CSCs were markedly 

higher than those in lung cancer cells (Figure 2f,g). ZNF280B 
expression was detected following the co-incubation of lung 
CSCs-EVs with A549 and H2170 cells. Similarly, the expression 
level of ZNF280B in lung CSCs-EVs was significantly greater 
than that in extracellular vesicles derived from lung cancer cells 
(Figure 2h). As presented in Figure 2i-k, the mRNA and protein 
expression levels of ZNF280B in A549 and H2170 cells were 
significantly up-regulated after co-incubation with lung CSCs- 
EVs compared to the PBS control group. Additionally, analysis 

Figure 1. Lung CSCs-EVs promoted the proliferation, migration and invasion of lung cancer cells. (a-b) Lung CSCs were respectively isolated from A549 and H2170 cells 
using flow cytometry. (c-d) The ALDH, OCT4, NANOG and SOX2 expression levels were tested by RT-qPCR. (e-f) CCK-8 assay. (g) Colony formation assay. (h) Wound 
healing assay. (i) Transwell assay. (j) The morphology of lung CSCs-EVs was examined by TEM. (Scale bar: 50 nm). (k)The extracellular vesicle markers CD9, CD81, 
TSG101, CD63 and Calnexin protein expression levels in lung CSCs-EVs were measured by western Blot. (l) Lung CSCs-EVs were labeled with PKH67 to evaluate cellular 
uptake of lung cancer cells. (m) NanoSight analysis. (n-o) CCK-8 assay. (p) Colony formation assay. (q) Wound healing assay. (r) Transwell assay. ***, P<0.001.
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of the Vesiclepedia database indicated that ZNF280B may be 
present in stem cell-derived extracellular vesicles (Fig. S1). Based 
on these findings, lung CSCs-EVs may facilitate lung cancer 
progression by enriching ZNF280B.

ZNF280B stimulated the vicious phenotypes of lung 
cancer cells by suppressing P53 expression

Previous report has shown that ZNF280B suppresses the 
expression of P53 in prostate cancer.19 Therefore, we specu
lated that ZNF280B may also affect P53 expression in lung 
cancer cells. Firstly, we utilized RT-qPCR and Western 
Blotting to assess the transfection efficiency of ZNF280B 
knockdown and overexpression in A549 and H2170 cells. 
As seen in Figure 3a–c, transfection with the siZNF280B 
significantly decreased both the mRNA and protein expres
sion levels of ZNF280B in A549 and H2170 cells. In contrast, 
the mRNA and protein expression levels of ZNF280B in A549 
and H2170 cells were markedly enhanced following the trans
fection of overexpressed ZNF280 (ZNF280B). Next, CCK-8 
(Figure 3d,e), colony formation (Figure 3f), wound healing 
(Figure 3g), and transwell assays (Figure 3h) were performed. 
The data indicated that the knockdown of ZNF280B signifi
cantly reduced the proliferation, migration, and invasion 

capabilities of lung cancer cells. Conversely, the overexpres
sion of ZNF280B markedly enhanced these malignant char
acteristics in lung cancer cells (Figure 3d-h). To confirm the 
pro-cancer effects of ZNF280B through the suppression of 
P53 expression in lung cancer, we measured the P53 protein 
expression levels in each cell group. As shown in Figure 3I,J, 
the downregulation of ZNF280B significantly increased P53 
protein expression in A549 and H2170 cells, while the upre
gulation of ZNF280B notably decreased P53 expression. Our 
data revealed that ZNF280B promotes the malignant cellular 
phenotype of lung cancer by inhibiting P53 expression.

Knockdown of ZNF280B reversed the promoting effects of 
lung CSCs-EVs on the malignant phenotypes of lung 
cancer cells

To demonstrate that lung CSCs-EVs facilitate the progression 
of lung cancer by transferring ZNF280B into lung cancer cells, 
control siRNA and siZNF280B were transfected into lung 
CSCs. The data indicated that the mRNA and protein expres
sion levels of ZNF280B in lung CSCs and CSCs-EVs were 
significantly decreased after the transfection of siZNF280 
(Figure 4a,b). Furthermore, after A549 and H2170 cells were 
co-incubated with lung CSCs-EVs-siZNF280B, the mRNA and 

Figure 2. ZNF280B was enriched in lung CSCs-EVs. (a) The expression profile GSE50627 was bioinformatics by GEO2R online platform to screen differentially expressed 
genes in lung CSCs, and Volcano was drawn. (b–c)TCGA database predicted the ZNF280B expression levels in LUAD and LUSC. (d-e)Correlation analysis between 
ZNF280B and survival rate of lung cancer. (f-g)ZNF280B mRNA and protein expression levels in BEAS-2B, A549, H2170 cells and lung CSCs were tested by RT-qPCR and 
Western Blot, respectively. (h)The mRNA expression levels of ZNF280B in extracellular vesicles derived from A549 and H2170 cells, as well as lung cancer stem cells 
(CSCs), were analyzed using RT-qPCR. (i-k) After co-incubation with lung CSCs-EVs or PBS, the ZNF280B mRNA and protein expression levels in A549 and H2170 cells 
were further measured through RT-qPCR and Western Blot, respectively. ***, P < 0.001.
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protein expression levels of ZNF280B were markedly down- 
regulated (Figure 4c-e). We observed that the cell proliferation 
ability of lung cancer cells was significantly diminished in the 
lung CSCs-EVs-siZNF280B group (Figure 4f,g). Similarly, the 
invasion and migration abilities were impaired in the lung 
CSCs-EVs-siZNF280B group compared to the PBS, lung 
CSCs-EVs and lung CSCs-EVs-siRNA groups (Figure 4h). 
These findings reveal that lung CSCs-EVs exert pro-cancer 
functions in lung cancer cells by delivering ZNF280B.

Extracellular vesicle ZNF280B mediated by lung CSCs 
facilitated the progression of lung cancer in vivo

Finally, the subcutaneous tumor-bearing experiment using 
nude mice was conducted to evaluate the effects of extracellu
lar vesicle ZNF280B mediated by lung CSCs on lung cancer 
in vivo. The results indicated that lung CSCs-EVs accelerated 
tumor growth, as evidenced by the increase in tumor volume 
and weight (Figure 5a-c). The mRNA and protein expression 
levels of ZNF280B and P53 (gene name TP53) in the tumor 
tissues of the model mice were further analyzed. As seen in 
Figure 5d,f, the mRNA and protein expression levels of 

Figure 3. ZNF280B facilitated the proliferation, migration and invasion of lung cancer cells via suppressing P53 expression. (a-c) RT-qPCR and Western Blot detected 
the transfection efficiency of ZNF280B knockdown or overexpression in A549 and H2170 cells. (c-h) After transfection with control siRNA, siZNF280B, pcDNA3.1 or 
ZNF280, the proliferation, invasion and migration abilities of A549 and H2170 cells were examined by CCK-8, colony formation, wound healing and transwell 
experiments, respectively. (i-j)P53 expression levels in control siRNA, siZNF280B, pcDNA3.1 and ZNF280B groups of A549 and H2170 cells were tested by western 
Blot. **, P<0.01; ***, P<0.001.
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ZNF280B in the experimental group (lung CSCs-EVs) were 
significantly elevated compared to the PBS group. 
Additionally, the mRNA and protein expression levels of 
TP53/P53 in the lung CSCs-EVs group were notably down- 
regulated (Figure 5e,f). These findings further demonstrate 
that extracellular vesicle ZNF280B derived from lung CSCs 
promotes lung cancer progression by down-regulating P53 
expression.

Discussion

Lung cancer is a prevalent and deadly malignancy.20 Despite 
significant advancements in lung cancer immunotherapy, the 
prognosis for patients remains suboptimal, primarily because 

most lung cancer cases are diagnosed at an advanced stage.21 

Consequently, identifying new therapeutic targets is essential.
Accumulated evidences have convincingly demonstrated 

that CSCs are pivotal to current cancer therapies. Also 
known as tumor initiating cells (TICs), CSCs exhibit char
acteristic stem cell properties.22 They play a significant role 
in the onset, progression, and drug resistance of tumors. 
Importantly, studies have shown that extracellular vesicles 
facilitate communication between cancer cells and non- 
cancer cells, particularly between CSCs and non-CSCs, by 
transporting a variety of specific bioactive substances that 
regulate tumor progression.6,23 In this research, we first 
confirmed that lung CSCs-EVs stimulated the malignant 
cellular phenotypes in lung cancer through functional 

Figure 4. Knockdown of ZNF280B reversed the promoting effects of lung CSCs-EVs on the proliferation, migration and invasion of lung cancer cells. (a-b) After 
transfection of lung CSCs with control siRNA or siZNF208B, the mRNA and protein expression levels of ZNF280B in lung CSCs and CSC-EVs were measured. (c-e) After 
A549 and H2170 cells were co-incubated with PBS, lung CSCs-EVs, lung CSCs-EVs-siRNA or lung CSCs-EVs-siZNF280, the ZNF280B mRNA and protein expression levels in 
each group were also examined by RT-qPCR and Western Blot, respectively. (f-h) CCK-8 assay. (h) Transwell assay. **, P < 0.01; ***, P < 0.001.
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experiments. This finding aligns with previous studies indi
cating that CSCs-EVs promote the metastatic phenotypes 
in lung cancer.14 These results highlight the cancer- 
promoting role of lung CSCs-EVs in the malignant pro
gression of lung cancer.

To further elucidate the underlying mechanisms by which 
lung CSCs-EVs promote lung cancer progression, we identi
fied the significantly up-regulated gene ZNF280B in lung 
CSCs through bioinformatics analysis. Intriguingly, zinc fin
ger proteins (ZNFs) constitute a large family of transcription 
factors that play crucial roles in DNA repair, protein degra
dation, transcription etc.24 ZNFs have been reported to be 
abnormally expressed in various malignancies and are con
sidered promising targets for cancer therapy. For example, 
ZNF831 has been shown to promote apoptosis of breast 
cancer cells by targeting the STAT3/Bcl2 axis.25 

Additionally, ZNF322A has been implicated in lung cancer 
through the transcriptional inhibition of c-Myc.26 Our 
research specifically focused on the zinc finger protein 
280B (ZNF280B). Previous studies have demonstrated that 
ZNF280B acts as an oncogene in gastric cancer27 and pros
tate cancer;19 however, its role in lung cancer remains unex
plored. In this study, further analysis of TCGA and Kaplan- 
Meier Plotter revealed that ZNF280B is overexpressed in 
lung cancer and is associated with poor prognosis. 
Therefore, we hypothesized that ZNF280B plays 
a carcinogenic role in lung cancer. Our RT-qPCR results 
indicated that the expression levels of ZNF280B in lung 

CSCs were higher than those in cancer cells. Following the 
co-incubation of lung cancer cells with lung CSCs-EVs, the 
expression of ZNF280B was significantly up-regulated. 
Moreover, the Vesiclepedia database predicted that 
ZNF280B could be present in stem cell-derived extracellular 
vesicles. These findings suggest that lung CSCs-EVs may 
facilitate lung cancer progression by transferring ZNF280B 
into lung cancer cells. Similar regulatory patterns have also 
been observed in melanoma and clear cell renal cell carci
noma (CCRCC). For example, Liu et al. proposed that exo
somes from melanoma stem cells transfer miR-4535 to 
tumor cells, thereby accelerating melanoma metastasis by 
suppressing the autophagy pathway.28 Another study 
demonstrated that CD103+ CSCs-EVs deliver miR-19b-3p 
into CCRCC cells, promoting CCRCC metastasis by initiat
ing the EMT progress.29

It is important to note that partial ZNFs play a role in tumor 
progression by regulating P53 activity. Huang et al. revealed 
that p52-ZER6 promotes colorectal cancer progression by 
exacerbating P53 ubiquitination and degradation.30 Ning 
et al. discovered that ZNFSNAI2 facilitates the degradation of 
P53 in HCT116 cells.31 Similarly, a previous study demon
strated that ZNF280B increases P53 degradation in prostate 
cancer cells by inducing P53 nuclear export.19 Consistently, we 
found that ZNF280B knockdown significantly elevated P53 
protein levels in lung cancer cells, while ZNF280B overexpres
sion markedly reduced P53 protein levels. Furthermore, func
tional experiments further indicated that ZNF280B facilitates 
the malignant phenotype of lung cancer cells. Our results 

Figure 5. Extracellular vesicle ZNF280B derived from lung CSCs promoted the growth of lung cancer in vivo. (a) The transplanted tumors in nude mice were displayed. 
(b) The changes of tumor volume were recorded in PBS and lung CSCs-EVs groups to generate growth curve. (c) Tumor weight was measured in PBS and lung CSCs-EVs 
groups. (d-e) RT-qPCR was performed to examine the mRNA expression levels of ZNF280B and TP53 in PBS and lung CSCs-EVs groups. (f) Western Blot was performed 
to examine the protein expression levels of ZNF280B and P53 in PBS and lung CSCs-EVs groups. *, P < 0.05; **, P < 0.01; ***, P < 0.001.

CANCER BIOLOGY & THERAPY 9



confirm that ZNF280B facilitates the malignant cell pheno
types of lung cancer by inhibiting P53 expression. Notably, the 
tumor suppressor p53 (encoded by TP53) has been shown to 
be relevant to the progression of various neoplasms, including 
lung cancer. More importantly, our study is the first to reveal 
that ZNF280B down-regulates P53 expression. Finally, the cell 
and animal experiments were conducted to clarify that lung 
CSCs-EVs-ZNF280B promote lung cancer progression by 
inhibiting P53 expression. However, due to the limited clinical 
resources available, we have not yet verified the ZNF280B 
expression and its clinical relevance in lung cancer tissues. 
Additionally, we will further elucidate the mechanisms by 
which ZNF280B downregulates p53 expression in lung cancer.

In addition, our research still has some shortcomings. For 
example, we identify CSCs through CD133+. However, not all 
cells highly expressing CD133 are stem cells. For example, 
endothelial progenitor cells, which highly express CD133,32 

are not CSCs. Their main function is to participate in the repair 
of vascular endothelium and the formation of new blood 
vessels.33 Therefore, we lacked experiments to add EPCs as 
negative controls. Secondly, although we have demonstrated 
through a series of experiments that EVs derived from lung 
CSCs can transfer ZNF280B to recipient cells, we still cannot 
determine whether this process occurs via exosomes or through 
cell-free extracellular/vesicular mRNA. At the same time, while 
Vesiclepedia indicates that ZNF280B is abundant in microve
sicles, we have not conducted experiments to differentiate and 
analyze both exosomal and microvesicle fractions. This lack of 
analysis hinders our ability to gain a more comprehensive 
understanding of the distribution of ZNF280B. Finally, we 
preliminarily discovered that lung CSCs may promote cancer 
by delivering ZNF280B into lung cancer cells. However, we did 
not further demonstrate how ZNF280B is regulated in lung 
CSCs. When previous researchers conducted multi-omics ana
lyses of EVs in LUAD-CSCs, they identified numerous RNA 
targets, including circRNAs and lncRNAs, as well as protein 
targets associated with ion transport, cell adhesion, and poten
tial roles in regulating cell migration and apoptosis. These 
findings are relevant to cancer diagnosis and prognosis.34 

Although ZNF280B was not explicitly mentioned, the abnormal 
activation of tumor-related pathways associated with enriched 
genes-such as those involved in the extracellular matrix, ion 
transport, and cell adhesion and migration-may indirectly 
influence transcription factors or signaling networks, thereby 
regulating ZNF280B transcription. Alterations in the extracel
lular matrix and adhesion pathways can impact the binding of 
transcription factors to their promoters. EVs contain a variety 
of molecules, and proteins can indirectly modulate ZNF280B 
transcription by regulating pathways such as the PI3K/Akt 
pathway. RNA molecules, including mRNA and lncRNA, can 
regulate gene expression or interact with key molecules to 
influence their transcription. For instance, specific lncRNAs 
can alleviate the transcriptional inhibition of ZNF280B by 
miRNAs. Therefore, this necessitates further investigation.

Conclusion

Overall, this study first revealed the mechanism by which lung 
CSCs-EVs-ZNF280B promote lung cancer progression 

through the inhibition of P53 expression, offering 
a promising target for lung cancer therapy.
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