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Abstract. Lung adenocarcinoma is a prevalent cancer 
worldwide. MicroRNAs (miRNAs) are key regulators 
in various cancers, with miR-200a-5p emerging as a 
potential candidate due to its possible role in lung 
adenocarcinoma. However, its exact mechanisms of 
action remain unclear. We performed transcriptome 
sequencing of 32 clinical pairs to identify differen-
tially expressed miRNAs. miR-200a-5p expression was 
validated in tissues and cell lines (H1975, A549) using 
bioinformatics and RT-qPCR. Biological effects were 
assessed via CCK8, EdU, Transwell, scratch assays, 
flow cytometry, and Western blotting (phosphory-
lated transducer and activator of transcription 3, fi-
bronectin, matrix metallopeptidase 9, proliferating 
cell nuclear antigen, and Wnt pathway-related pro-
teins). A protein-protein interaction network pre-
dicted downstream targets, focusing on the Wnt path-
way. In vivo experiments, immunohistochemistry, and 
Western blotting evaluated tumour growth and Ki-67/
Wnt protein expression. We found that miR-200a-5p 
was significantly up-regulated in lung adenocarci-
noma tissues and cells, correlating with poor progno-
sis. Up-regulation enhanced proliferation, migration 
and invasion while inhibiting apoptosis in vitro. Down-
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regulation produced opposite effects. In vivo, miR-
200a-5p promoted tumour growth via Wnt pathway 
activation. We conclude that miR-200a-5p acts as an 
oncogenic factor in lung adenocarcinoma by facilitat-
ing progression through the Wnt pathway. These find-
ings suggest its potential as a therapeutic target and 
prognostic biomarker.

Introduction
In the world’s cancer spectrum, lung cancer is one of 

the most common cancers and the leading cause of can-
cer-related deaths (Benusiglio et al., 2021). For a long 
time in the past, medical experts have continuously deep-
ened their understanding of the biological behaviour and 
biomarkers of lung cancer while also making break-
throughs in treatment (Mao et al., 2016). However, the 
5-year survival rate of lung cancer is still unsatisfactory, 
and the recurrence rate of the disease and the poor quality 
of life of patients still cannot be effectively addressed (Li 
et al., 2018). Compared to small cell lung cancer, lung 
adenocarcinoma has a slower growth rate and relatively 
late onset of malignant biological behaviour. However, 
due to the large population base in China, early cancer 
screening is not yet universal, and most patients have al-
ready reached the late stage when seeking medical treat-
ment (Luo et al., 2021). Therefore, obtaining a safer and 
more effective treatment strategy has become an urgent 
issue in the current field of lung adenocarcinoma research.

The occurrence and development of tumours is a con-
tinuous process driven by multiple factors, molecules and 
steps (Graham and Sottoriva, 2017; Liu et al., 2023). It 
is generally accepted that the primary mechanisms in-
volve activation of oncogenes and inhibition of tumour 
suppressor genes, with dysregulation of their interplay 
leading to abnormal gene expression (Torry and Cooper, 
1991; Wang et al., 2018a; Sontheimer-Phelps et al., 2019). 
MicroRNAs (miRNAs) are a class of evolutionarily con-
served non-coding RNAs, typically 21–23 nucleotides in 
length. Since their discovery in 1993, miRNAs have been 
identified across all species (Vishnoi and Rani, 2017). In 
recent years, they have been widely recognized for their 
special role in neurodegenerative diseases, cardiovascu-
lar diseases and tumours (Bellingham and Hill, 2017; 
Wojciechowska et al., 2017). Although the precise mech-
anisms of action of miRNAs remain to be fully eluci-
dated, it is established that they function in gene silencing 
and translational inhibition by binding to target mRNAs, 
thereby regulating gene expression at the post-tran-
scriptional level. Accumulating studies have shown that 
miRNA levels in tumour tissue are closely related to 
factors such as cellular energy metabolism and epigen-
etic modifications, leading to significant up-regulation 
or down-regulation of their expression (Miranda Furtado 
et al., 2019; Hanahan, 2022). These aberrantly expressed 
miRNAs can exert pro-cancer or anti-cancer effects, 
thereby influencing malignant features of tumours.

The miR-200a family gives rise to two mature strands: 
miR-200a-5p and miR-200a-3p. In recent years, many 

studies have confirmed that miR-200a-3p affects malig-
nant behaviours such as proliferation and migration of 
lung adenocarcinoma cells (Yang et al., 2018a; Huang et 
al., 2020; Tsubochi et al., 2020; Sharma et al., 2023). 
Meanwhile, Chen et al. (2024) found that miR-200a-5p 
promotes lipid deposition and oxidative stress response 
in metabolic dysfunction-associated steatotic liver disease 
(MASLD). Wang et al. (2018b) also identified miR-200a-
5p as a potential early diagnostic biomarker for distin-
guishing papillary thyroid carcinoma (PTC) from benign 
thyroid hyperplasia. However, the expression level of 
miR-200a-5p in lung adenocarcinoma tissue and normal 
tissue is not yet clear, and its impact on tumour phenotype 
and specific mechanism of action have not been experi-
mentally verified. Therefore, it is necessary to conduct 
multi-dimensional and multi-level basic experiments on 
miR-200a-5p to understand its function.

In this study, differentially expressed miRNAs were 
primarily screened through transcriptomic and bioinfor-
matic analysis. We examined the expression level of 
miR-200a-5p in lung adenocarcinoma tissues and cell 
lines, as well as its correlation with clinicopathological 
features. The effects of miR-200a-5p on the proliferation, 
migration, invasion and apoptosis of lung adenocarci-
noma cells were investigated. We further explored the 
mechanism by which miR-200a-5p influences malignant 
behaviours of lung adenocarcinoma cells via the Wnt 
pathway. In addition, the impact of miR-200a-5p on tu-
mour volume and weight was assessed in nude mouse 
models. In summary, this study aims to elucidate the 
mechanism through which miR-200a-5p regulates ma-
lignant behaviours in lung adenocarcinoma cells via the 
Wnt signalling pathway.

Material and Methods

Source of human tissue specimens

Specimens of patients who underwent lung adenocar-
cinoma resection surgery at Shengjing Hospital affiliated 
with China Medical University from January 2017 to 
December 2018 were selected, and five pairs of cancer 
and adjacent normal tissues (more than 5 cm away from 
the edge of the cancer lesion) for transcriptome sequenc-
ing were collected. Thirty-two pairs of cancer and adja-
cent normal tissue samples were collected from patients 
who underwent the same surgery at Shengjing Hospital 
from January 2019 to December 2021 for basic experi-
mental analysis. Before these two experiments, patients 
signed informed consent forms, and both were approved 
by the ethics committee of Shengjing Hospital (ethics 
numbers: 2019PS700K and 2023PS1232K).

Transcriptome sequencing of miRNAs
Transcriptome sequencing was the responsibility of 

Beijing Kangcheng Biotechnology Co., Ltd. (Beijing, 
China). The specific sequencing process was as follows: 
(1) purification and isolation of small RNAs from total 
RNA; (2) the 5' RNA linker was connected and purified; 
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weekly. Tumour volumes were monitored, and after 21 
days, tumours were excised for Western blotting and 
histological analysis (H&E and Ki-67 IHC staining). As 
shown in Figure 8A, the nude mice were euthanized and 

their tumour bodies were removed for photography. As 
shown in Figure 8B–E, up-regulation of miR-200a-5p 
can significantly promote the increase of tumour volume 
and weight, while down-regulation of miR-200a-5p in-

Fig. 7. Downstream targets and functional enrichment of miR-200a-5p. (A) Screening downstream target genes of miR-
200a-5p through Venn diagram; (B) protein-protein interaction network diagram of 59 genes; (C) GO term enrichment 
analysis; (D) enrichment analysis of KEGG path. KEGG: Kyoto Encyclopedia of Genes and Genomes.
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hibits the increase of tumour volume and weight. By H&E 
staining, it was determined that all groups were lung 
adenocarcinoma tissues. Subsequently, immunohisto-
chemistry experiments confirmed that up-regulation of 
miR-200a-5p can promote the expression of Ki-67, while 
down-regulation can inhibit the expression of Ki-67 (Fig. 
8F–G). Finally, in order to explore the mechanism, we 
detected the Wnt pathway-related proteins after changing 
the expression of miR-200a-5p. The results showed that 
up-regulation of miR-200a-5p expression activated the 
Wnt pathway, while down-regulation of miR-200a-5p 
inhibited the Wnt pathway (Fig. 8H).

Discussion
MiR-200a-5p, as an important member of the miR-200a 

family, has been proved to play a unique role in multiple 
systemic diseases. Yang et al. (2018b) confirmed that 
miR-200a-5p can regulate selenium-induced myocardial 
necrosis by targeting ring finger protein 11 (RNF11), and 
knocking down miR-200a-5p can significantly improve 
the cell survival rate of myocardial cells against necrosis. 
Another study showed that over-expression of miR-200a-5p 
increased glucose uptake and thioredoxin reductase 2 
(Txnrd2) expression in cardiomyocytes. The results re-
flect that miR-200a-5p inhibits the expression of related 
selenium proteins and alters glucose transport, leading to 
glucose metabolism disorders and ultimately inducing 
cardiomyocyte hypertrophy (Yang et al., 2019).

In addition, miR-200a-5p also plays an important role 
in tumours. For example, reports suggest that high levels 
of miR-200a-5p expression are associated with shorter 
overall survival in melanoma patients. Its up-regulation 
not only reduces transporter associated with antigen pro-
cessing 1 (TAP1) levels but is also accompanied by a 
decrease in human leukocyte antigen class I (HLA-I) 
expression and an increase in the sensitivity of melanoma 
cells to natural killer (NK) cells (Lazaridou et al., 2020). 
The link to TAP1 is critical because TAP1 is a key trans-
porter in the antigen presentation pathway, and its down-
regulation by miR-200a-5p directly impairs HLA-I sur-
face expression, thereby promoting tumour immune 
evasion while simultaneously increasing susceptibility 
to NK cell-mediated cytotoxicity. MiR-200a-5p can also 
mediate forkhead box D1 (FOXD1) to promote p21 expres-
sion in a p53-independent manner, thereby enhancing the 
progression of high particle size serous ovarian cancer 
(Wang et al., 2018c). In addition, the flap endonuclease 1 
(FEN1) can also enhance the proliferation of breast cancer 
cells by inhibiting the expression of miR-200a-5p through 
DNA methyltransferase (DNMT)-mediated methylation, 
thereby promoting the expression of hepatocyte growth 
factor (MET) and epidermal growth factor receptor 
(EGFR) (Zeng et al., 2019). However, the role and mech-
anism of action of miR-200a-5p in lung adenocarcinoma 
have not been reported, so this study used miR-200a-5p 
as an innovative molecule for further research.

Currently, omics analysis can significantly improve 
work efficiency and screen out target molecules that are 

meaningful to the experiment as much as possible (Ahmed 
et al., 2022). Therefore, in this experiment, we first se-
lected five pairs of lung adenocarcinoma and normal 
tissue samples for transcriptome sequencing, with the 
aim of selecting miRNAs with significant expression 
differences. Among these miRNAs, the difference in 
miR-200a-5p was most significant. Subsequently, bioin-
formatic analysis also confirmed that miR-200a-5p is 
up-regulated in lung adenocarcinoma and has predictive 
value for clinical prognosis, and its reduced expression 
increases the patient survival probability. Similarly, Cox 
regression analysis also indicated that miR-200a-5p is an 
independent prognostic factor for overall survival in lung 
adenocarcinoma.

Next, we selected 32 pairs of real specimens from 
clinical patients and three types of lung adenocarcinoma 
cell lines to validate the previously assumed conclusions. 
The results showed that miR-200a-5p was significantly 
over-expressed in lung adenocarcinoma tissues and cells, 
which is consistent with the data from sequencing analy-
sis and bioinformatic analysis. While the precise mecha-
nism for this up-regulation in lung adenocarcinoma re-
quires further elucidation, it may involve transcriptional 
activation, epigenetic alterations such as promoter hypo-
methylation, or dysregulation of upstream signalling 
pathways. Subsequently, we also found that although the 
expression of miR-200a-5p is not related to patient age, 
gender, smoking status and lymph node metastasis, it is 
significantly positively correlated with tumour size and 
TNM staging, which is consistent with the results ob-
tained from Cox regression in previous bioinformatic 
analysis. This indicates that miR-200a-5p has certain 
clinical guidance significance and its mechanism of action 
should be further analysed.

In order to clarify the biological role of miR-200a-5p, 
phenotype function experiments were performed. The 
results indicate that up-regulation of miR-200a-5p expres-
sion enhances the proliferation, migration and invasion 
of lung adenocarcinoma cells while inhibiting the apop-
tosis of cancer cells. Down-regulation of miR-200a-5p 
expression resulted in the opposite effect. In summary, 
miR-200a-5p can induce phenotypic changes in the ma-
lignant behaviour of lung adenocarcinoma cells. To fur-
ther confirm the above experimental results, proteins 
closely related to tumour proliferation, migration, inva-
sion and apoptosis, such as p-STAT3, FN, MMP-9, PCNA 
and cleaved caspase-3, were selected for WB detection. 
Up-regulation of miR-200a-5p enhanced the expression 
of p-STAT3, FN, MMP-9 and PCNA while inhibiting the 
expression of cleaved caspase-3, and vice versa. The 
results are consistent with the phenotype function ex-
periment. However, this only confirms at a macro level 
that miR-200a-5p has a pro-cancer effect on lung adeno-
carcinoma cells. Further exploration is needed to find out 
which pathway it utilizes to achieve this effect.

In order to explore the downstream mechanism of ac-
tion of miR-200a-5p, we first screened its target genes 
and conducted protein interaction analysis. Subsequently, 
GO and KEGG analysis showed that many entries were 
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