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Abstract

Background: IGF2BP1 is a carcinomatous fetal protein associated 
with proliferation, migration and invasion of tumor cells. The different 
roles of miR-30a-3p as a tumor suppressor or an oncogene depend on 
the target genes it regulates.

Methods: Downloading the relevant data of lung adenocarcinoma 
from the TCGA database for bioinformatics analysis to determine the 
key gene IGF2BP1 and its miRNA that affect the progression of lung 
adenocarcinoma, and using qPCR to verify their expression and corre-
lation in lung adenocarcinoma. Gene enrichment analysis of IGF2BP1 
related pathways, and the function of miR-30a-3p/IGF2BP1 axis in lung 
adenoma was verified by CCK-8 detection, MTT assay, double lucifer-
ase gene reporting assay, cell cloning assay and wound healing assay.

Results: As predicted, IGF2BP1 was highly expressed in lung ade-
nocarcinoma tissues, affecting TNM stage and survival status. In ad-
dition, IGF2BP1 was negatively correlated with the expression of miR-
30a-3p, and the low expression of miR-30a-3p had a poor survival 
period. Luciferase result confirmed the existence of a targeting rela-
tionship between miR-30a-3p and IGF2BP1. Gene enrichment analysis 
showed that the high expression of IGF2BP1 was correlated with the 
proliferation of lung adenocarcinoma cells. The experimental results 
of this study showed that cell viability, proliferation and migration of 
cells were decreased in the si-IGF2BP1 group and miR-30a-3p-mimics 
group. In the wound healing assay, compared with the mimics group, 
the migration ability of cells in the mimics+oe-IGF2BP1 group was im-
proved, which was consistent with the results in the control group.

Conclusion: miR-30a-3p can affect the activity of lung adenocarci-
noma cells and promote cell proliferation via regulating IGF2BP1. The 
miR-30a-3p/IGF2BP1 axis plays an important role in the progression of 
LUAD and can be used as a potential therapeutic target.
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Introduction

At present, lung cancer is one of the most dangerous ma-
lignant tumors to human health and life [1], accounting for an 
important proportion of cancer deaths worldwide, and lung 
adenocarcinoma is the most common type of lung cancer [2]. 
Compared with other lung cancer subtypes, the prevalence of 
lung adenocarcinoma has gradually increased, and has occu-
pied the first place of all lung cancer pathological types [3]. The 
methods of prevention and treatment of lung cancer at home 
and abroad also emerge endlessly. However, its early diagnosis, 
treatment and prognosis have not been significantly improved. 

IGF2BPs are insulin-like growth factor-2 mRNA binding pro-
teins, including IGF2BP1, IGF2BP2 and IGF2BP3, which are a 
highly stable protein family [4]. IGF2BPs is also a post-transcrip-
tional fine-tuning factor involved in the regulation of tumor cell 
proliferation, survival, and metastasis. IGF2BP1 and IGF2BP3 
are carcinofetal proteins, which are associated with poor prog-
nosis and metastasis of various human cancers [5]. Recent 
studies have found that IGF2BP1 can play an important role in 
normal cell proliferation and growth as well as tumor cell apop-
tosis, migration and invasion by regulating newly discovered 
cancer-related mrnas (PTEN, ACTB, MAPK4, MKI67, c-MYC and 
CD44) [6], such as: liver cancer, endometrial cancer, breast can-
cer, lung cancer, ovarian cancer, squamous skin cancer, thyroid 
cancer and glioma [7-14]. Therefore, IGF2BP1-mediated cell 
signaling will become a potential target for cancer therapy [6].

miRNA are a class of small endogenous non-coding RNA 
that negatively regulate post-transcriptional gene expression 
by directly degrading mRNA or inhibiting its translation [15]. Al-
though its potential biological function is not completely clear, 
it can play an important role in cell proliferation, growth, apop-
tosis and differentiation by regulating the expression of target 
genes [16-18]. miRNA can promote the invasion and migration 
of cancer stem cells and regulate the tumor microenvironment. 
As a member of the human miRNA family, miR-30a has tumor 
inhibition effects in different types of malignant tumors, such as 
gastric cancer, renal cell carcinoma, hepatocellular carcinoma, 
colorectal cancer and bladder cancer [19-23]. miR-30a-3p is a 
member of the miR-30 family, and its different role as a tumor 
suppressor or oncogene depends on the target gene in the spe-
cific type of cancer. Therefore, it is necessary to clarify the se-
lective role of miR-30a-3p in cancer regulation in order to find 
more effective treatment methods for cancer. Therefore, it is 
very important to further explore the role of miR-30a-3p in the 
pathogenesis of lung cancer. 

With the rapid development of genetics, molecular biology 
and bioinformatics, the target genes and potential regulated 
mirnas of lung adenocarcinoma can be screened based on the 
gene expression levels in tumor samples, which plays an impor-
tant role in further understanding the development process and 
prognosis of lung adenocarcinoma. In this study, we identified 
the expression characteristics of IGF2BP1 and its effect in LUAD 
through bioinformatics analysis, and explored the potential 
mechanism of miR-30a-3p involved in the regulation of IGF2BP1 
and its basic biological function in lung adenocarcinoma.

Methods

Download and analysis TCGA database data

Downloading the TCGA-LUAD data from the TCGA database, 
and using the 4.1.1 R language software package to process the 
downloaded data, and obtaining the differentially expressed 
genes in lung adenocarcinoma. According to the survival curve, 
IGF2BP1 was screened, and using GEPIA [24] to search the ex-
pression level of target gene IGF2BP1 in different parts of nor-
mal human body and tumor tissues. The relationship between 
IGF2BP1 expression and TP53 mutation was studied by cBioPor-
tal for Cancer Genomics [25].

Prediction of miRNA regulating IGF2BP1

As the same method, we used lung cancer miRNA-Seq data 
and download from the TCGA database to analyze their differen-
tial expression and screen out down-regulated miRNA. Through 
whether its survival curve is meaningful, miR-30a-3p regulating 
IGF2BP1 in lung adenocarcinoma can be finally screened out.

Gene enrichment analysis

We used TCGA-LUAD data for GSEA analysis to explore path-
ways related to IGF2BP1 expression levels in lung adenocarcino-
ma. Download the required database files from KEGG database 
(c2. Cp. KEGG. V7.1. Symbols. GMT) and annotation file, and 
calculate the NES (enrichment of standardized scores), analysis 
of gene sets p values. The smaller the p value is, the better the 
enrichment accuracy is. The greater the absolute value of NES, 
the smaller the FDR value, and the higher the reliability of the 
analysis results. If p value and q value of FDR were both lower 
than 0.05, the gene was significantly enriched.

Quantitative polymerase chain reaction (qPCR)

With the approval of the Pathology Department of the First 
Affiliated Hospital of Kunming Medical University, paraffin 
blocks of lung adenocarcinoma tissue and paraffin blocks of 
normal lung tissue were collected from 14 cases respectively 
for PCR verification. The wax block tissues of each group were 
dewaxed and Trizol was added to crack tissues. Total RNA was 
extracted from tissues, then cDNA was synthesized by reverse 
transcription and amplified by qPCR. Using 2-ΔΔCt to calculate 
the expression level of IGF2BP1 gene in lung adenocarcinoma.

A549 cell culture

Selecting human lung cancer cell line A549. The cell line was 
constructed by D.J. Gerad through lung cancer tissue transplan-
tation culture. A549 cells were cultured with DMED medium 
containing 10% fetal bovine serum at 37OC and 5% CO2. When 
the growth of A549 cells reached 80%-90%, cells in good growth 
condition during logarithmic growth stage were selected and 
re-inoculated in the culture dish in a ratio of 1 to 3 for further 
experimental operation.

Experimental grouping

CCK-8 assay and MTT assay were divided into normal group, 
miR-30a-3p-mimics-NC group, miR-30a-3p-mimics group, 
miR-30a-3p-instigator-NC group, miR-30a-3p-inhibitor group, 
si-IGF2BP1-NC group and si-IGF2BP1 group, each group had 6 
multiple pores. Colony formation assay was divided into normal 
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group, si-IGF2BP1-NC group and si-IGF2BP1 group. Wound heal-
ing assay was divided into normal group, si-IGF2BP1-NC group, 
si-IGF2BP1 group, control group, miR-30a-3p-mimics group and 
mimics+oe-IGF2BP1 group, with 3 multiple wells in each group. 
The luciferase experiment was divided into IGF2BP1-WT-mim-
ics-NC group, IGF2BP1-WT-miR-30a-3p-mimics group, IGF2BP1-
MUT-mimics-NC group and IGF2BP1-MUT-miR-30a-3p-mimics 
group, each group had 6 multiple pores.

CCK8 assay

Logarithmically grown A549 cells were digested with pancre-
atic enzymes, re-suspended and counted using complete cul-
ture medium. Each 96-well plate was 100 μl complete medium 
with 6 Wells per group. The 96-well plates were cultured in a 
cell incubator for 24 h. 10 μL CCK-8 reagent was added 4 h be-
fore termination of culture, and 96-well plates were put into 
enzyme marker 4 h later to detect OD value.

MTT assay

96-well plates with a certain cell density were placed into 
a cell incubator for 24 h culture. Add 20 ul of MTT solution to 
each well. Incubation continued for 4 h and culture was termi-
nated. Add 150 ul DMSO to each well and shake for 10 min to 
fully melt the crystals. The wavelength of 490 nm was selected, 
the light absorption value of each hole was measured on the 
enzyme marker, and the results were recorded and counted.

Colony formation assay

The density of 1000 cells per well was inoculated into 6-well 
plates, and the cells were transfected after adherent. After 15 
days, cell clone balls appeared. The cells were fixed with 4% 
paraformaldehyde and stained with crystal violet solution. Fi-
nally, the residual liquid was washed with PBS and dried up-
side down. The number of cell clones was photographed and 
counted.

Wound healing assay

The cells were inoculated in 6-well plates and cultured for 24 
h. Drawing the lines with the pipette tip of a 10 μl pipette per-
pendicular to the 6-well plate. After lines were drawn, cleaning 
the cell fragments with PBS and transfected into groups. After 
transfection, the culture was continued for 48 h and microscopi-
cally photographed at 0h, 24 h and 48 h, respectively. 

Double luciferase gene reporting experiment

There were two transfection groups, namely IGF2BP1-MUT 
group (mutant deletion of miR-30c-2-3p binding site) and 
IGF2BP1-WT group (wild type), the transfection volume was 0.1 
μg in each group. 6 multiple wells were set up in each group. 
After transfection of A549 cells in the above groups for 24 h, the 
luciferase activity was detected according to the instructions of 
luciferase kit, and the statistical data were analyzed.

Statistical analysis

Using T test and Chi-square test to evaluate the expression 
of IGF2BP1 in different clinical samples and the correlation be-
tween IGF2BP1 expression and clinicopathological parameters. 
Receiver operating characteristic (ROC) was used to determine 
the diagnostic value of IGF2BP1 in lung adenocarcinoma. Us-
ing log-rank test  to analyze the survival curves of high and low 
expression IGF2BP1. Single-factor analysis of variance was used 
for comparison of multiple groups, and independent sample 
T test was used for data analysis of two groups. All statistical 

analyses were performed using SPSS 13.0 software (SPSS, Inc., 
Chicago, IL, USA), and p<0.05 was considered statistically sig-
nificant.

Results

High expression of IGF2BP1 in lung adenocarcinoma affects 
tumor progression

The mRNA expression levels of IGF2BP1 in some normal hu-
man tissues and lung adenocarcinoma tissues were verified by 
GEPIA (Figure 1A). After removing duplicates and unqualified 
samples, obtaining 58 normal tissue samples and 510 tumor tis-
sue samples. Results showed that IGF2BP1 was low expression 
in normal tissues and overexpressed in lung adenocarcinoma 
tissues (Figure 1B). ROC curve suggested that AUC=0.797, P 
<0.0001, confirming the importance of IGF2BP1 high expression 
in the diagnosis of lung adenocarcinoma (Figure 1C). In order 
to investigate the clinical significance of IGF2BP1 expression in 
lung adenocarcinoma, 510 patients with lung adenocarcinoma 
were divided into two groups with high expression of IGF2BP1 
and low expression of IGF2BP1. As shown in Table 1 below, there 
were statistically significant differences in TNM stage, survival 
status and disease status between the two groups (P<0.05). In 
terms of survival, patients with lung adenocarcinoma with high 
IGF2BP1 expression had a higher mortality rate (P<0.001) and 
affected tumor TMN staging (Figure 1D), and lung adenocarci-
noma patients with high IGF2BP1 expression had lower survival 
rates (Figure 1E). 

Prediction of miRNA regulating IGF2BP1 in lung adenocar-
cinoma

The survival of lung adenocarcinoma at 1,3, and 5 years af-
ter surgery was shown in Figure 2A, and the predicted results 
were consistent with the actual observation. We used linear 
regression analysis and R language to analyze TCGA-LUAD data 
to explore the potential mechanism of IGF2BP1 affecting lung 
adenocarcinoma. IGF2BP1 amplification was performed in 
9 LUAD patients (n=512), and 222 had IGF2BP1 copy number 
gain. And the high expression of IGF2BP1 in lung adenocarci-
noma was significantly correlated with IGF2BP1 copy number 
gain (Figure 2B). More importantly, linear regression analysis 
showed that IGF2BP1 expression was significantly correlated 
with its methylation level in lung adenocarcinoma (Figure 2C). 
Using the same method, it is concluded that miR-30a-3p can 
regulate IGF2BP1 and play a role in lung adenocarcinoma. miR-
30a-3p was lower expression in lung adenocarcinoma tissues 
(n=510) compared with normal lung tissues (n=45) (Figure 2D). 
In addition, IGF2BP1 expression was negatively correlated with 
miR-30a-3p expression in lung adenocarcinoma (Figure 2E), and 
lung adenocarcinoma patients with low miR-30a-3p expression 
had poorer survival (Figure 2F).

IGF2BP2 affects the proliferation of lung adenocarcinoma 
cells

Using the GSEA database to explore the potential biological 
function of IGF2BP1 up-regulation in lung adenocarcinoma, and 
finding the target gene significantly enrich in the “proliferation” 
and “p53 signaling” pathways (Figure 3A,B). As shown in Figure 
3C, heat maps of IGF2BP1 expression were searched in cBioPor-
tal for Cancer Genomics, and it was found that high expression 
of IGF2BP1 in lung adenocarcinoma was correlated with TP53 
mutation. The TP53 tumor suppressor gene is frequently mutat-
ed in human cancers, and its mutation is often associated with 
poor prognosis in some cancers. By evaluating the association 
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Figure 1: Compared with normal lung tissue, IGF2BP1 is highly expressed in LUAD and affects the progres-
sion of lung adenocarcinoma. (A) Expression of IGF2BP1 in various tumors. (B) Expression levels of IGF2BP1 
in different normal human organs (n=58) and lung adenocarcinoma (n=510). (C) ROC curve. (D) Clinical high 
expression of IGF2BP1 affects survival status and TNM staging of lung adenocarcinoma patients. (E) Survival 
curve of IGF2BP1.

Figure 2: miR-30a-3p can regulate IGF2BP1 and affect the prognosis of lung cancer. (A) Postoperative predic-
tion and calibration curves for patients with lung adenocarcinoma. (B) The high expression of IGF2BP1 in lung 
adenocarcinoma was significantly correlated with IGF2BP1 copy number gain. (C) Linear regression analysis 
showed that IGF2BP1 expression was correlated with its methylation in lung adenocarcinoma. (D) miR-30a-3p 
was expressed in lung adenocarcinoma tissue. (E) Correlation analysis between miR-30a-3p expression and 
IGF2BP1. (F) Survival curve of low expression of miR-30a-3p in lung adenocarcinoma.
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Figure 3: Enrichment analysis showed that IGF2BP1 was associated with cell proliferation, and its high expres-
sion in lung adenocarcinoma was associated with TP53 mutation. (A) (B) IGF2BP1 is enriched in the “prolifera-
tion” and “p53 signaling” pathways. (C) Heat map of IGF2BP1 expression in the TCGA-LUAD dataset. (D) The 
relationship between TP53 mutation and IGF2BP1 expression. (E) Comparison of IGF2BP1 mRNA expression 
between TP53 mutation and TP53 wild type group.

Figure 4: IGF2BP1 affects the activity, proliferation and migration of lung adenocarcinoma cells. (A) Over-
expression of IGF2BP1 in lung adenocarcinoma was verified by qPCR. (B) The binding sites of IGF2BP1 and 
miRNA miR-30a-3p and the results of Luciferase experiment. (C) Results of CCK8 experiment. (D) Results of 
MTT experiment. (E) Statistical chart of scratch test results. (F) Statistical chart of cloning experiment results. 
(G) The following figure of the scratch experimental mirror. (H) Cloning experimental images.
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Figure 5: miR-30a-3p/IGF2BP1 can affect the activity, proliferation and migration of lung adenocarcinoma 
cells. (A) Results of CCK8 experiment. (B) Results of MTT experiment. (C) Statistical chart of experimental 
results of scratches. (D) The image below of the scratch experimental mirror.

between IGF2BP1 expression and TP53 mutation in lung adeno-
carcinoma, we found that IGF2BP1 expression was significantly 
higher in the TP53 mutant group (Figure 3D). As shown in Figure 
3E, the expression of IGF2BP1 in TP53 mutation and TP53 wild 
type group was compared, and the difference was statistically 
significant.

IGF2BP1 affects the activity, proliferation and migration of 
lung adenocarcinoma cells

In order to verify whether IGF2BP1 is highly expressed in 
lung adenocarcinoma, using qPCR assay to verify the expression 
level of IGF2BP1 in normal lung tissues and lung adenocarci-
noma tissues. It was found that IGF2BP1 was highly expressed 
in lung adenocarcinoma tissues compared with normal lung 
tissues (Figure 4A), which was consistent with the predicted 
results. According to bioinformatics analysis, miR-30a-3p can 
play a role in lung adenocarcinoma by regulating IGF2BP1, 
which was verified. According to the targeting binding site of 
IGF2BP1 and miRNA miR-30a-3p, double luciferase gene report-
ing experiment was conducted (Figure 4B), and it was found 
that there was indeed a targeting binding relationship between 
miR-30a-3p and IGF2BP1. Gene enrichment analysis showed 
that IGF2BP1 was associated with the proliferation of lung ad-
enocarcinoma cells, so the interference fragment of IGF2BP1 
was constructed. As shown in Figure 4C, the results of CCK8 and 
MTT experiments showed that the cell vitality and proliferation 
ability of si-IGF2BP1 group were significantly decreased at 48h 
(Figure 4D). The results of Wound healing assay (Figure 4E) and 
cloning experiment (Figure 4F) showed that the proliferation 
and migration ability of si-IGF2BP1 group were significantly re-
duced (Figure 4G,H). These results confirm that IGF2BP1 is high-

ly expressed in lung adenocarcinoma, which affects the activity 
of lung adenocarcinoma cells and promotes the proliferation 
and migration of A549 cells.

miR-30a-3p affects the proliferation and migration of lung 
adenocarcinoma cells via regulating IGF2BP1

As shown in Figure 5A, compared with the control group, the 
cell viability and proliferation capacity of the miR-30a-3p mim-
ics group was decreased (Figure 5B). The wound healing assay 
results showed that the cell migration ability of the miR-30a-3p 
mimics group was relatively poor, but the cell migration abil-
ity was consistent with that of the control group after transfec-
tion of miR-30a-3p mimics with oe-IGF2BP1 treatment (Figure 
5C,D). These results indicate that miR-30a-3p can indeed affect 
the activity, proliferation and migration of lung adenocarcinoma 
cells by regulating IGF2BP1, thus interfering with the progres-
sion of LUAD.

Discussion

The occurrence and development of tumor is the process of 
abnormal cell proliferation, differentiation, invasion and migra-
tion. Despite advances in the treatment of lung cancer in both 
surgery and medicine, and the precision of lung cancer screen-
ing, lung cancer remains one of the cancers with a very high 
mortality rate. Lung adenocarcinoma is the most common his-
tological subtype of primary lung cancer, and its incidence has 
exceeded that of other pathological types of lung cancer [1]. 
Therefore, it is increasingly important to deeply understand the 
pathophysiology, disease course, diagnosis and prognosis of 
lung adenocarcinoma.
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IGF2BP1 can enhance the viability of tumor cells, and thus 
play a role in promoting tumor cell growth, migration and inva-
sion. IGF2BP1, a member of IGF2BPs, controls mRNA transport 
and translation during the development of normal and cancer 
cells [26]. Gene enrichment analysis showed that IGF2BP1 was 
associated with signaling pathways such as “proliferation” and 
“p53 signaling” [27]. Tumor suppressor gene TP53 is the most 
commonly mutated gene in lung cancer [26]. By evaluating the 
association between IGF2BP1 expression and TP53 mutation 
in lung adenocarcinoma, it was found that IGF2BP1 overex-
pression was correlated with TP53 mutation. Considering the 
genomic mutation results and the enrichment of the “p53 sig-
naling pathway” in GSEA, it further suggests that there may be 
a potential association between IGF2BP1 overexpression and 
TP53 mutations in lung adenocarcinoma. GSEA results showed 
that TP53 mutations are associated with cell cycle, DNA repli-
cation and DNA repair, and TP53 mutations can accelerate cell 
cycle and DNA replication, thus increasing mutation rate. There-
fore, it can be considered that the mutation of TP53 induces 
DNA replication and DNA damage repair, and the change of re-
lated gene IGF2BP1 leads to the occurrence of lung adenocarci-
noma. The results of this study showed that the cell vitality, pro-
liferation and migration of cells were significantly decreased in 
si-IGF2BP1 group, and the number of cell proliferation was de-
creased. These results indicate that high expression of IGF2BP1 
can affect the activity of lung adenocarcinoma cells and pro-
mote the proliferation and migration of A549 cells. It has been 
reported that IGF2BP1 promotes apoptosis of lung cancer cells 
and thus inhibits proliferation by regulating Netrin-1 [28]. Fang 
XY [29] et al. also confirmed that IGF2BP1/UHRF2 axis medi-
ated by miR-98-5p promoted the proliferation and inhibited the 
apoptosis of esophageal squamous cell carcinoma. This is con-
sistent with our experimental results. 

It has been reported that the let-7 miRNA family inhibits 
tumorigenesis by interfering with the synthesis of oncogenic 
factors, while IGF2BP1 promotes tumorigenesis by interfering 
with miRNA encoding mRNA in cancer cells [30-32]. mir-30a-3p 
belongs to the miR-30a family and is involved in affecting the 
process of many tumors, such as esophageal cancer, cervical 
cancer, bladder cancer, breast cancer, etc [33-36]. In order to 
further study the changes of miR-30a-3p expression in lung ad-
enocarcinoma tissues, we analyzed the expression of IGF2BP1 
and the miRNA regulating IGF2BP1 in lung adenocarcinoma 
tissues using R language and the profile data of lung adeno-
carcinoma expression in the TCGA database. It was screened 
that miR-30a-3p was involved in regulating the expression of 
IGF2BP1 in lung adenocarcinoma. Finally, it was found that the 
expression of miR-30a-3p was significantly reduced and the ex-
pression of IGF2BP1 was significantly increased in lung adeno-
carcinoma tissue. The results of this study suggest that IGF2BP1 
overexpression affects stage grading and survival of lung adeno-
carcinoma. We found that low expression of miR-30a-3p was 
also associated with poor survival of LUAD, and there was a 
negative correlation between miR-30a-3p and IGF2BP1 in lung 
adenocarcinoma. In order to verify this conclusion, according 
to the targeting binding sites of IGF2BP1 and miRNA miR-30a-
3p, double luciferase gene reporting experiments of IGF2BP1 
and miR-30a-3p were conducted, and it was found that there 
was indeed a targeting binding relationship between miR-30a-
3p and IGF2BP1. The experimental results showed that the cell 
viability of miR-30a-3p mimics group was decreased, and the 
cell proliferation ability was also decreased. Compared with the 
control group, the cell migration ability of the miR-30a-3p mim-

ics group was relatively poor, but the cell migration ability was 
consistent with that of the control group after transfection with 
miR-30a-3p mimics and oe-IGF2BP1 treatment. Therefore, we 
believe that miR-30a-3p can affect the progression of lung ad-
enocarcinoma via regulating IGF2BP1.

Conclusion 

In conclusion, through a series of bioinformatics analysis of 
lung adenocarcinoma, we explored and discussed the impor-
tant role of miR-30a-3p/IGF2BP1 axis in the progression and 
prognosis of LUAD. IGF2BP1 gene is enriched in the “prolifera-
tion” and “p53 signaling” pathways. miR-30a-3p is associated 
with IGF2BP1 in lung adenocarcinoma. The above experimen-
tal results confirm that miR-30a-3p can indeed affect the ac-
tivity, proliferation and migration of lung adenocarcinoma cells 
through the regulation of IGF2BP1, and inhibiting the develop-
ment of tumors, improving the poor prognosis of lung adeno-
carcinoma, providing new targets for tumor treatment and new 
ideas for the study of tumor pathogenesis.
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