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Abstract
Objective: To use bioinformatics analysis and in vitro and in vivo experiments to study the biological role of ALKBH3 
in lung adenocarcinoma.

Methods: Bioinformatics analysis of ALKBH3 was performed using databases. ALKBH3 expression in lung 
adenocarcinoma and adjacent tissues was detected by qPCR (quantitative polymerase chain reaction), western 
blotting, and immunohistochemistry. Stable transformed A549 cells with low expression of ALKBH3 were 
constructed. The effects of knockdown of ALKBH3 on the proliferation, migration, and invasion of lung 
adenocarcinoma A549 cells were detected by CCK-8, cell scratch, and transwell invasion assays, respectively. The 
effects of ALKBH3 on the proliferation of A549 cells in vivo were detected using subcutaneous tumorigenesis in 
nude mice.
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Results: Bioinformatics analysis showed that ALKBH3 has diagnostic value in tumors such as lung 
adenocarcinoma, the expression of ALKBH3 is related to immune cell infiltration, ALKBH3 interacts with ASCC 
family molecules, and ALKBH3 is involved in the demethylation of DNA and RNA. The expression of ALKBH3 in 
lung adenocarcinoma was higher than that in adjacent tissues (P < 0.05). CCK-8, wound healing and transwell 
assays showed that ALKBH3 knockdown significantly inhibited the proliferation, migration, and invasion of A549 
cells in vitro (P < 0.01). ALKBH3 knockdown also significantly inhibited the growth of subcutaneous tumors in nude 
mice (P < 0.01).

Conclusions: ALKBH3 is a potential diagnostic marker for lung adenocarcinoma. Results in vivo and in vitro showed 
that knocking down ALKBH3 could inhibit the proliferation, migration, invasion, and subcutaneous tumorigenesis of 
lung adenocarcinoma A549 cells.
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INTRODUCTION
Among all malignant tumors, lung cancer, particularly lung adenocarcinoma, has the highest mortality and 
morbidity rates[1]. There are a variety of treatments available for lung cancer, including surgery, 
chemotherapy, radiotherapy, molecular targeted therapy, and immunotherapy. In patients with advanced 
lung cancer, the overall treatment effect is still unsatisfactory, resulting in a 5-year survival rate of less than 
20% due to tumor proliferation and distant metastasis[2,3]. In this regard, there is a need to elucidate more 
fully the molecular mechanisms underlying lung cancer proliferation and metastasis in order to develop 
new treatment strategies.

Epigenetic dysregulation, a common feature of human cancers, promotes tumorigenesis and the 
maintenance of malignant phenotypes by regulating gene expression[4]. Epigenetic modification includes the 
chemical modification of DNA, proteins, and RNA. RNA epigenetic modification is the regulation mode at 
the post-transcriptional level[5,6]. As the most common and important pair of epigenetic modifications, 
methylation and demethylation regulate tumorigenesis, tumor development, migration, and invasion of 
tumor cells, which have attracted people’s attention[7-9]. Alpha-ketoglutarate-dependent dioxygenase 
homolog 3 (ALKBH3) is a recently discovered novel M6A demethylase belonging to the ALKB family. It has 
important roles in protecting cells from DNA damage and regulating gene expression and protein 
translation[10-13], as well as in maintaining genomic stability and regulating RNA transcription, and its 
abnormal expression and function have been implicated in the occurrence of many cancers[13,14]. Lu et al. 
found that enhancing the stability of ALKBH3 mRNA could promote proliferation and invasion of 
hepatocellular carcinoma cells[15]. In addition, Woo and Chambers found that overexpression of ALKBH3 
increased the invasion of ovarian and breast cancer cells[16]. ALKBH3 has also been shown to accelerate the 
survival, angiogenesis, and invasion of urothelial carcinomas[17]. Tasaki et al. found that ALKBH3 
significantly contributes to lung adenocarcinoma cancer cell survival through in vivo experiments[18]. 
Although previous studies have elucidated some functions and implications of ALKBH3 in cancer cells, the 
role and significance of ALKBH3 in lung adenocarcinoma cells in vitro remain largely unexplored. 
Furthermore, the function and significance of ALKBH3 in lung adenocarcinoma cells were further validated 
through the transplantation of tumor cells at various sites in nude mice.

We began by analyzing ALKBH3 expression in lung adenocarcinoma and pan-cancer tissues to determine 
its effects on biological behaviors. Furthermore, we investigated the relationship between ALKBH3 
expression and immune infiltration, as well as genetic changes and epigenetic status. The study utilized lung 
adenocarcinoma tissue, normal lung tissue, a lung adenocarcinoma tissue microarray, the lung 
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adenocarcinoma A549 cell line, and nude mice. First, ALKBH3 expression was assessed using western 
blotting, real-time quantitative polymerase chain reaction (RT-qPCR), and immunohistochemistry (IHC). 
Next, a stable transformed cell line consisting of lung adenocarcinoma A549 cells with low ALKBH3 
expression was constructed. Through CCK-8 assays in vitro, transwell and cell scratch assays, and 
subcutaneous tumorigenesis experiments in nude mice, we found ALKBH3 could inhibit lung 
adenocarcinoma A549 cell proliferation, migration, and invasion.

MATERIALS AND METHODS
Bioinformatics analysis
ALKBH3 expression levels
Differences in gene expression were analyzed using the Assistant for Clinical Bioinformatics website 
(https://www.aclbi.com/static/index.html#/tcga), based on data from The Cancer Genome Atlas (TCGA) 
and the Genotype-Tissue Expression project (GTEx). We obtained a lung adenocarcinoma dataset (n = 516) 
and normal tissue samples (TCGA, 59 cases; GTEx, 578 cases). Differential gene expression between the two 
samples was analyzed using the Wilcoxon rank sum test. Level 3 RNA sequencing data from TCGA and 
GTEx version 8 were used (https://gtexportal.org/home/datasets), and calculations were performed in R 
version 4.0.3 to identify statistically significant differences. In addition, we used R to analyze the expression 
of ALKBH3 in pan-cancer tissues based on TCGA data.

ALKBH3 expression and immune cell infiltration
TIMER2.0 (http://timer.cistrome.org/) is an online database that provides comprehensive data on the 
immune cells that are infiltrating tumors. In this study, we used the “Immune” and “Exploration” modules 
in TIMER2.0 to analyze the correlations between ALKBH3 expression levels and immune cell infiltration 
levels, EGFR expression levels, and mutation status in lung adenocarcinoma.

Based on expression data, the European Prospective Investigation into Cancer and Nutrition (EPIC)[19] 
(https://gfellerlab.shinyapps.io/EPIC_1-1/) provides infiltration ratios for eight types of immune cells. We 
calculated stromal, immune, and ESTIMATE scores based on TCGA data; then, we used EPIC to evaluate 
the relationships between ALKBH3 and immune cells on a pan-cancer basis.

Protein-protein interaction network analysis
GeneMANIA, an online database for protein-protein interaction networks developed by the University of 
Toronto[20-22], was used to explore the protein molecules that interact and are co-expressed with ALKBH3 in 
lung adenocarcinoma and to predict the functions of target genes.

Mutations and epigenetic alterations
The cBioPortal enables the analysis and interpretation of cancer genetic data and facilitates the 
interpretation of molecular data obtained from cancer histological and cytological studies[23] 
(http://www.cbioportal.org). Genetic data from 2,922 samples of 2,583 pan-cancer patients were analyzed 
using the UCSC Xena and the International Cancer Genome Union’s “TCGA Pan-Cancer Map Research” 
data portal.

ALKBH3 promoter DNA methylation levels in normal and pan-cancer tissues were examined using 
UALCAN (http://ualcan.path.uab.edu/analysis.html)[24]. DNA methylation levels are represented by beta 
values, indicating hypomethylation (beta: 0.3-0.25) or hypermethylation (beta: 0.7-0.5)[25].

https://www.aclbi.com/static/index.html#/tcga
https://gtexportal.org/home/datasets
http://timer.cistrome.org/
https://gfellerlab.shinyapps.io/EPIC_1-1/
http://www.cbioportal.org
http://ualcan.path.uab.edu/analysis.html
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Tissue experiments in lung adenocarcinoma
Clinical sample
Patients at Suining Central Hospital in 2023 who had not received any antineoplastic therapy (including 
radiotherapy, chemotherapy, targeted therapy, and immunotherapy) were enrolled, and 16 pairs of fresh 
lung adenocarcinoma tissues and adjacent tissues (further than 3 cm from the tumor margin) were 
collected. ALKBH3 protein and mRNA expression levels were measured by western blotting and RT-qPCR. 
The Ethics Committee of Suining Central Hospital approved this study (approval number: 
KYLLKS20230109). A lung adenocarcinoma tissue chip (array number: HLugA180Su11; chip batch 
number: XT21-011) was used for IHC.

Real-time quantitative PCR
To isolate total RNA from tissues, TRIzol reagent was used. We used a reverse transcription kit to reverse 
transcribe RNA into cDNA and performed RT-qPCR according to the instructions provided with the RT-
qPCR kit (Shenzhen Apuno Biomedical Technology Co., Ltd.). To calculate relative mRNA expression 
levels, GAPDH was used as a control gene. The primers used were as follows: GAPDH, 
GAAAGCCTGCCGGTGACTAA (positive) and TCACGTCAACAAAGCCAGGA (reverse); ALKBH3, 
AGCCACGAGTGATTGACAGA (positive) and TCACGTCAACAAAGCCAGGA (reverse).

Western blotting analysis
Frozen tissue samples were cracked with a strong PIPA cleavage solution and crushed with a homogenizer. 
Using the BCA method, the protein concentration was determined after low-temperature 
ultracentrifugation. In this study, proteins were separated by 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and transferred to polyvinylidene fluoride membranes (PVDF). After sealing with 5% 
skimmed milk powder, according to the instructions provided with the antibodies against ALKBH3 and 
β-actin, diluted with antibody diluent, the membranes were incubated overnight in a refrigerator at 4 °C. 
Target gene bands and internal reference gene bands of the same variety were cultured in a greenhouse for 
1 h. Then, the ECL developer was dropped evenly on the PVDF membranes, and they were exposed to a gel 
chemiluminescence imager. For each lane, the gray value ratio was calculated using ImageJ software.

IHC analysis
The IHC staining experiments were carried out by RocheVentanaBenchMark at the Department of 
Pathology, Suining Central Hospital. The degree of positivity was determined based on the extent of color 
development: colorless, 0; light yellow, 1; light brown, 2; dark brown, 3. The scoring system was as follows: 
5%, 0 points; 6%-25%, 1 point; 26%-50%, 2 points; 51%-75%, 3 points; > 75%, 4 points. For the product of the 
two fractions, 0-6 was considered to indicate low expression and > 6 to denote high expression.

Experiments with lung adenocarcinoma cell line A549
Cell line, culture, and transfection
A549 cells are one of the types of human lung adenocarcinoma cells. Due to their easy culture, clear genetic 
background, and stability, A549 cells have been widely used in cancer biology, gene function and toxicology 
studies, especially those related to lung adenocarcinoma. Therefore, A549 cells were selected for 
experiments in this study. Lung adenocarcinoma A549 cells were purchased from Wuhan Irrette 
Biotechnology Co., Ltd., cultured in RPMI1640 medium supplemented with fetal bovine serum and 1% 
penicillin-streptomycin, and preserved at 37 °C under 5% carbon dioxide. The lentiviruses used in this 
experiment were constructed and packaged by Shanghai Jikai Basic Technology Co., Ltd. Three different 
lentiviruses were used: Lv-ALKBH3-RNAi-1, Lv-ALKBH3-RNAi-2, and Lv-ALKBH3-RNAi-3. The 
lentivirus negative control was LVCON303 (hu6-mts-cbh-gcgfp-ires-purromycin). The experimental group 
was divided into a blank control group (culture of normal A549 cells), an empty vector control group (A549 
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cells transfected with negative control), knockdown group 1 (LV-ALKBH3-RNAi-1 transfection), 
knockdown group 2 (LV-ALKBH3-RNAi-2 transfection), and knockdown group 3 (LV-ALKBH3-RNAi-3 
transfection).

A 1 mL cell suspension and 1 mL of culture medium were added to a 6-well plate, designating one well as 
the blank control group, which received only culture medium. Another well served as the negative control 
group, receiving empty carrier lentivirus, while the remaining well was assigned to the infected virus group, 
treated with ALKBH3 knockdown lentivirus. Following 72 h of infection, the cell fusion rate under the 
microscope reached approximately 80%, prompting immediate screening of the infected cells. The cells were 
subsequently cultured in the puromycin-containing medium at a concentration of 2 μg/mL. After 24 h of 
culture, all cells in the blank control group perished, whereas the remaining cells in the negative control and 
infected groups survived, resulting in a stable A549 cell line with ALKBH3 knockdown. Western blotting 
and real-time quantitative PCR were employed to assess the TPM4 knockout efficiency.

Cell proliferation test (CCK-8 assay)
The stable transformants of ALKBH3 knockdown group 1 (LV-ALKBH3-RNAi-1) and knockdown group 2 
(LV-ALKBH3-RNAi-1) were detected by CCK-8 assay. For each group, three accessory wells were set up, 
and 100 μL phosphate-buffered saline (PBS) solution was added to the remaining well. After the cells 
adhered to the walls of the wells, fresh medium (100 mL) and CCK-8 reagent (10 mL) were added, and the 
plate was incubated at 37 °C, 5% CO2. The absorbance values of each hole were measured and recorded at 
450 nm using an enzyme labeling instrument. The experiment was repeated three times, and a proliferation 
curve was constructed based on the results.

Cell scratch assay
A cell suspension of A549 cells with low ALKBH3 expression was diluted to a concentration of 
5 × 105 cells/mL and inoculated into six-well plates with three accessory holes for each group; then, 1 mL 
culture medium was added to each well. When the cells had reached confluence within each well, a 100 μL 
pipette tip was used to create a scratch from one end of the well to the other. Images were obtained under a 
microscope (Thermo Fisher Scientific, USA) at 0, 24, and 48 h. Results were analyzed, compared, and 
plotted based on three repeats of the experiment.

Transwell invasion assay
Cell invasion was investigated using a transwell assay. The matrigel matrix was diluted with serum-free 
medium at a 1:8 ratio at 4 °C. Then, 60 μL of the diluted Matrigel matrix was dropped onto the 
polycarbonate film of each transwell chamber, and the apparatus was placed in a Matrigel incubator at 37 °C 
overnight. Cells with a 90% confluence and good growth conditions were trypsinized, centrifuged, and the 
supernatant discarded. The cells were resuspended in 2 mL PBS solution and washed twice. A 100 μL 
aliquot of the cell suspension, containing 5 × 105 cells/mL, was added to each Transwell chamber. Transwell 
plates were then filled with 600 μL of 20% fetal bovine serum medium. After 24 h of incubation, the cells in 
the upper chamber were gently wiped off with a cotton swab. The cells were fixed for 15 min by the addition 
of 4% paraformaldehyde (600 μL) to the 24-well plate, air-dried at room temperature and then stained with 
600 μL crystal violet solution. Infected cells were observed using an inverted microscope (Thermo Fisher 
Scientific, USA). For each group, three randomly selected visual fields were imaged and counted. The 
experiment was repeated three times. After image processing, data were collected for analysis, and a 
statistical histogram was constructed.
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Subcutaneous tumorigenesis in nude mice
Logarithmic-phase A549 cells and A549 cells exhibiting low-level ALKBH3 expression were harvested and 
adjusted to a concentration of 1 × 107 cells/mL. Male nude mice, aged 6 to 8 weeks and procured from 
Guangzhou Kexun Biotechnology Co., LTD., were selected, excluding those with physical frailty, underlying 
diseases, or behavioral abnormalities. The mice were randomly assigned into three groups: the control 
group (n = 10), knockout group 1 (n = 10), and knockout group 2 (n = 10). Prior to subcutaneous injection, 
the injection site of the nude mice was disinfected with 75% ethanol. The cell suspension was gently agitated 
to ensure homogeneity, preventing aggregation and optimizing cell viability. Each mouse received a 
subcutaneous injection of 200 μL of cell suspension, containing 2 × 106 cells, into the anterior axillary region, 
chosen for its abundant blood supply. The growth of the mice was monitored continuously. Once 
subcutaneous tumors formed, the body weight and tumor volume of each mouse were recorded daily. Mice 
were euthanized upon the tumor reaching a volume of 1.5 × 103 mm3. The tumors were excised, weighed, 
and photographed against a white background using vernier calipers, facilitating the construction of a 
statistical analysis of tumor weight.

Statistical analysis
The statistical methods employed in the bioinformatics analysis are comprehensively described in the 
“Experimental Methods” section of this study. Continuous variable data are presented as Mean ± Standard 
Error of the Mean (Mean ± SEM). Tests for normality and homogeneity of variance were conducted to 
compare the means of two independent samples. When both assumptions were satisfied, a two-sample t-test 
was applied. In cases where homogeneity of variance was not satisfied, an approximate t-test or Mann-
Whitney U test was used. One-way Analysis of Variance (ANOVA) was conducted for pairwise 
comparisons among multiple groups. For comparisons of two sample proportions, the χ² test or Fisher’s 
exact test was applied. The significance threshold for all statistical analyses in this study was set at α = 0.05. 
Statistical significance was denoted as follows: * for P < 0.05, ** for P < 0.01, *** for P < 0.001, and **** for 
P < 0.0001. A P > 0.05 indicated no statistical significance. Data storage, analysis, visualization, and graphical 
representation were performed using Excel, IBM SPSS 26.0, GraphPad Prism 9.5.1, ImageJ, and Adobe 
Illustrator 2022.

RESULTS
Bioinformatics analysis
TPM4 expression levels
First, we used the Clinical Bioinformatics Assistant website to analyze the gene expression differences of 
ALKBH3 in cancers including lung adenocarcinoma. For differential gene expression analysis, 516 tumor 
samples and 637 normal samples were obtained (59 paracancerous tissue samples from TCGA and 578 
normal tissue samples from GTEx). The expression levels of ALKBH3 in the two groups of samples were 
analyzed using the R software package ggplot2. In lung adenocarcinoma tissues, ALKBH3 expression was 
significantly higher than in adjacent tissues [Figure 1A]. ALKBH3 levels were significantly elevated in 
CHOL (cholangiocarcinoma), COAD (Colon adenocarcinoma), GBM (Glioblastoma multiforme), HNSC 
(Head and Neck squamous cell carcinoma), KIRC (Kidney renal clear cell carcinoma), LIHC (Liver 
hepatocellular carcinoma), LUSC (Lung squamous cell carcinoma), PCPG (Pheochromocytoma and 
Paraganglioma), and PRAD (Prostate adenocarcinoma) based on the TCGA and GTEx datasets. By 
contrast, ALKBH3 was downregulated in BRCA and UCEC [Figure 1B].

Protein-protein interaction network analysis
Online databases were used to explore protein molecules that interact and co-express with ALKBH3 in lung 
adenocarcinoma and predict the functions of target genes. As shown in Figure 1C, we observed interactions 
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Figure 1. ALKBH3 expression and immune cell infiltration. (A) Expression levels of ALKBH3 in adjacent tissues and tumor tissues based 
on Assistant for Clinical Bioinformatics (n = 1,153). (B) The expression of ALKBH3 in pan-cancer tissues based on TCGA data (*P < 0.05; 
**P < 0.01; ***P < 0.001). (C) Protein-Protein interaction networks with ALKBH3 as the target gene. (D) Correlation analysis between 
the expression level of ALKBH3 and the level of immune cell infiltration in LUAD (TIMER2.0). (E) Correlation analysis of ALKBH3 with 
the expression level and mutation status of EGFR (TIMER2.0). (F) ALKBH3 expression and immune cell infiltration.

of ALKBH3 with ASCC3, ASCC2, and ASCC in lung adenocarcinoma, especially ASCC3. There was also a 
co-expression relationship between ALKBH3 and ALKBH2. Gene function prediction showed that the 
interaction between ALKBH3 and ASCC3 might be involved in the metabolism of DNA. ALKBH3 is 
involved in the demethylation of DNA and RNA, as well as in important biological processes such as iron-
iron binding [Figure 1C].
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ALKBH3 expression and immune cell infiltration
Secondly, the online database and statistical software were used to analyze the correlation between ALKBH3 
expression level and immune cell infiltration level, EGFR expression level, and mutation status in lung 
adenocarcinoma tissue. CD4+ and regulatory T cells, bone marrow dendritic cells, neutrophils, natural killer 
cells, and macrophages were positively correlated with the expression of ALKBH3 in lung adenocarcinomas. 
Infiltration levels of M2 macrophages were positively correlated with those of CD8+ T cells [Figure 1D]. 
Moreover, we found a positive correlation between ALKBH3 and EGFR expression in lung 
adenocarcinomas. Compared with wild-type EGFR, mutant EGFR lung adenocarcinoma had higher 
expression levels of ALKBH3, and the difference was statistically significant [Figure 1E].

Our study used the EPIC online tool to determine if ALKBH3 expression is associated with immune cell 
infiltration within the tumor microenvironment. Eight types of cancer-associated immune cells were linked 
to ALKBH3 expression in various cancers, notably PAAD, PCPG, and THYM [Figure 1F].

Mutations and epigenetic alterations
Next, we used online databases to analyze mutations and epigenetic alterations in ALKBH3. Our 
investigation of pan-cancer genetic alterations within ALKBH3 was conducted using cBioPortal. ALKBH3 
expression was altered in 2.0% of 51 samples collected from 2,565 cancer patients. ALKBH3 mutation was 
observed in 28 cancers, with bladder cancer showing the highest ALKBH3 mutation rate. Lung cancer is 
characterized by amplification-type copy number variations [Figure 2A and B].

In addition to assessing methylation levels in the promoter DNA of ALKBH3, we examined 20 types of 
cancer tissues. Hypermethylation was found in BRCA, CHOL, COAD, and other tumor types [Figure 2C].

ALKBH3 protein is highly expressed in lung adenocarcinoma
In this section, we used WB and immunohistochemistry to detect the expression level of ALKBH3 protein 
in lung adenocarcinoma tissues and adjacent tissues. Tissue microarray detection of 80 samples of lung 
adenocarcinoma and 88 samples of paracancerous tissues showed that positive expression of ALKBH3 was 
mainly located in the cytoplasm. Tissue microarray analysis showed that ALKBH3 expression was high in 
38 of the 80 lung adenocarcinoma samples (IHC score > 6) and low in 42 samples (IHC score ≤ 6). In the 88 
paraneoplastic tissue samples, the expression of ALKBH3 was high in one (1.14%) and low in 87 cases 
(98.86%). In lung adenocarcinoma, ALKBH3 expression was significantly higher than in adjacent tissues 
(P < 0.001; Figure 3, Table 1). The relative expression of ALKBH3 protein in 12 pairs of fresh lung 
adenocarcinoma and matched paracancerous tissues was detected by western blotting. The expression levels 
of ALKBH3 in lung adenocarcinoma were significantly higher than those in paracancerous tissues 
(P < 0.0001; Figure 4A and B). Lung adenocarcinomas express high levels of the ALKBH3 protein.

ALKBH3 is highly expressed in lung adenocarcinoma
To further explore the expression of ALKBH3 in lung adenocarcinoma, we carried out RT-qPCR 
experiments. The relative expression of ALKBH3 mRNA in four pairs of fresh lung adenocarcinoma and 
matched paracancerous tissues was detected. In lung adenocarcinoma, ALKBH3mRNA expression was 
significantly higher compared to paracancerous tissue based on the results of cDNA amplification 
(P < 0.05, Figure 4C).

Effects of ALKBH3 on proliferation, migration, and invasion of A549 cells
Effect of ALKBH3 expression on proliferation of A549 cells
First of all, we detected overexpression of ALKBH3 in lung adenocarcinoma by RT-qPCR and western 
blotting experiments. To further study the significance of ALKBH3 expression in lung adenocarcinoma, we 
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Table 1. ALKBH3 protein expression levels in LUAD and paracancerous tissues

Group High expression Low expression χ → P

CT [n (%)] 38 (47.50) 42 (52.50) 47.97 < 0.001

ANT [n (%)] 1 (1.14) 87 (98.86)

constructed a stable mutant strain of A549 cells with low ALKBH3 expression via knockdown of ALKBH3. 
Western blotting and RT-qPCR showed that this stable transmutation had been successfully constructed 
[Figure 4D-F]. Then, we used a CCK-8 assay to evaluate the effects of ALKBH3 on A549 cells. The 
proliferation rates of ALKBH3 stable mutant cells in knockout group 1 and knockout group 2 were 
significantly lower than that of normal A549 cells (P < 0.05, Figure 4G). Thus, our experimental data show 
that knocking down ALKBH3 can inhibit the proliferation of A549 cells.

Effects of ALKBH3 expression on migration and invasion of A549 cells
Next, we tested the migration and invasion of A549 cells using a transwell assay and a scratch assay. The 
results of the cell scratch test showed that the healing ability of the ALKBH3-knockout A549 cell line was 
significantly weaker than that of the control group at 72 h (P < 0.01, Figure 5A and B). Moreover, the 
transwell assay showed that A549 cells with low ALKBH3 expression were significantly less invasive than 
the control group (P < 0.01, Figure 5C and D). In summary, our results indicate that knocking down 
ALKBH3 can reduce invasiveness.

Knockdown of ALKBH3 can inhibit the growth of subcutaneous tumors in nude mice
At last, we subcutaneously injected stable A549 cells and normal A549 cells with low ALKBH3 levels into 
nude mice to further verify the role of ALKBH3 in vivo. When subcutaneous tumors began to form, the 
mouse body weights and subcutaneous tumor volumes were recorded every day. When the subcutaneous 
tumors grew to more than 1.5 × 103 mm3, the nude mice were dissected, and the tumor growth was 
observed. As can be seen from Figure 5E, the subcutaneous tumor volumes of ALKBH3 knockdown group 1 
and ALKBH3 knockdown group 2 were significantly smaller than those of the normal group (P < 0.001, 
Figure 5E and F). Overall, these results indicate that ALKBH3 knockdown prevents lung adenocarcinoma 
growth.

DISCUSSION
Adenocarcinoma accounts for about 40% of non-small-cell lung cancers, and lung cancer has the highest 
morbidity and mortality rates of all cancers worldwide[26,27]. Therefore, it is of great significance to explore 
new diagnosis and treatment targets for lung adenocarcinoma.

Firstly, we investigated the expression of ALKBH3 and its effects on lung adenocarcinoma's biological 
behavior and function. By analyzing publicly available data, we found that ALKBH3 was highly expressed in 
lung adenocarcinomas. The expression of ALKBH3 was also upregulated in some cancer tissues, according 
to pan-cancer analysis. These results suggest that ALKBH3 has potential applications as a marker for some 
tumor types. Human immunotherapy has led to the development of new treatment strategies for cancer 
patients and has greatly changed the pattern of oncology. As a result of the heterogeneity of the tumor 
microenvironment, not all patients benefit from immunotherapy or maintain a long-term clinical response. 
ALKBH3 expression levels were positively correlated with CD4+ T cells, regulatory T cells, myeloid 
dendritic cells, neutrophils, natural killer cells, and M2 macrophage infiltration levels in lung 
adenocarcinoma, but negatively correlated with CD4+ T cells. These results suggest that ALKBH3 could 
affect the sensitivity of patients to immunotherapy and could also be used as a therapeutic target. Notably, 
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Figure 2. Genetic alteration analysis and promoter methylation level in ALKBH3. (A) Genetic alteration in ALKBH3 in pan-cancer 
tissues, accounting for 5% of alterations. (B) The alteration frequency with the mutation type of ALKBH3 in different cancers. (C) 
Promoter methylation level in ALKBH3 between adjacent tissues and tumor tissues in 20 types of cancer from UALCAN.
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Figure 3. Relative expression levels of ALKBH3 in lung adenocarcinoma and paracarcinoma tissues (IHC staining, with a scale bar 
included in the image).

ALKBH5, another family member, has been shown to modulate anti-PD-1 therapy response by influencing 
lactate levels in the tumor microenvironment and altering immune cell infiltration, indicating a potential 
overlapping role in immune modulation[28]. Gene function prediction results showed that the interaction 
between ALKBH3 and ASCC3 may be involved in the metabolic process of DNA. ALKBH3 is involved in 
the demethylation of DNA and RNA and is also related to important biological processes such as iron-iron 
binding. In addition, mutations and epigenetic changes can lead to abnormal gene expression. We found 
that ALKBH3 had a high mutation frequency in lung cancer. Moreover, we assessed the levels of ALKBH3 
promoter DNA methylation in 19 cancer tissues and found that ALKBH3 was hypermethylated in BRCA, 
CHOL, COAD, and other tumors. Previous studies have shown that the AlkB family can catalyze 
demethylation on a variety of substrates (such as RNA and DNA), thereby affecting tumor progression and 
prognosis[29-31]. In vitro, western blotting, RT-qPCR, and IHC techniques were used to further verify that the 
expression of ALKBH3 in lung adenocarcinoma was significantly upregulated. This is consistent with 
previous studies that found that ALKBH3 is differentially expressed in various cancer types, such as 
pancreatic cancer, prostate cancer, and renal cancer[32-34]. To further explore the effects of ALKBH3 on the 
biological behavior and function of lung adenocarcinoma, A549 cells and nude mice were used to construct 
a stable lung adenocarcinoma cell line with ALKBH3 knockout. CCK-8 assay in vitro, transwell assay, cell 
scratch assay, and subcutaneous tumor formation in nude mice were used to assess the effects of ALKBH3 
on the proliferation, migration, and invasion of A549 cells. Compared to cells in the blank control group 
and empty vector group, A549 cells with low ALKBH3 expression exhibited significantly reduced 
proliferation, migration, and invasion. The oncogenic role of ALKBH3 in tumor growth is likely attributed 
to its regulation of mRNA stability and translation of genes that govern cell proliferation, which occurs 
through the activation of the PI3K/AKT and MAPK/ERK signaling pathways, thus facilitating tumor 
progression. Furthermore, its involvement in mitigating RNA damage and sustaining cancer cell survival 
under stress conditions further consolidates its pro-tumorigenic function. In vivo and in vitro experiments 
on subcutaneous tumor formation in nude mice showed that knockdown of ALKBH3 inhibited the growth 
of subcutaneous tumors. In addition, the role of ALKBH3 in cellular invasion and migration is likely 
attributed to its enhancement of the invasion and migratory capabilities of cancer cells, primarily through 
the modulation of epithelial-mesenchymal transition (EMT). This process involves the upregulation of 
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Figure 4. Expression of ALKBH3. (A) Detection of ALKBH3 protein levels in 12 pairs of fresh LUAD and paracarcinomas using Western 
blot. (B) Statistical analyses and bar graphs of the relative expression of ALKBH3 protein in 12 pairs of LUAD and paracarcinomas. 
(**** indicates P < 0.0001). (C) Relative expression of ALKBH3 mRNA in 4 pairs of fresh LUAD and paired paracarcinomas detected by 
RT-qPCR (* indicates P < 0.05). (D) Strip graph. (E and F) Statistical graph. (G) Proliferation curve. (* indicates P < 0.05, *** indicates 
P < 0.001).
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Figure 5. Effects of ALKBH3 expression on migration and invasion of A549 cells. (A) the healing of four groups of cells. (B) Statistical 
diagram of cell migration rate of the four groups (** indicates P < 0.01). (C) Invasion ability of four groups of cells. (D) Statistical chart 
of the number of invasive cells in four groups of cells (** indicates P < 0.01). (E) Nude mice and subcutaneous tumors of nude mice. (F) 
Statistical graph of subcutaneous tumor weights of three groups (*** indicates P < 0.001).

EMT-related transcription factors and matrix metalloproteinases (MMPs), degradation of the extracellular 
matrix (ECM) barrier, and subsequent promotion of metastatic dissemination.  The results of this study 
further confirmed the findings of Tasaki et al.[18]. In addition, these results are consistent with previous 
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studies showing that ALKBH3 is involved in the progression of some cancers, such as prostate cancer, 
salivary gland tumors, and liver cancer, suggesting that inhibiting ALKBH3 may provide a viable 
therapeutic approach[32,35,36]. According to the above experimental results, ALKBH3 is a potential diagnostic 
biomarker and therapeutic target for lung adenocarcinoma.

Overall, our results support the role of ALKBH3 as an oncogene in the growth, invasion, and migration of 
lung adenocarcinoma cells. These findings will further our understanding of the tumor microenvironment 
in lung adenocarcinoma and provide valuable data for further exploration of its pathogenesis and potential 
therapeutic targets. However, this study has some limitations. Although A549 cells are of great value in the 
study of lung adenocarcinoma, they still have limitations. This study can be verified in other cell lines or 
patient-derived organoids to more fully reveal the biological mechanism and therapeutic potential of lung 
adenocarcinoma. Cell cycle and apoptosis assays can also be used to fully explore the role of ALKBH3 in 
lung adenocarcinoma cell function. Additionally, while we have established a link between ALKBH3 
expression and immune cell infiltration, the exact mechanisms underlying this relationship require further 
exploration.

This study highlights ALKBH3 as a promising diagnostic biomarker for Lung adenocarcinoma, with its 
elevated expression serving as an indicator of aggressive disease. Therapeutically, targeting ALKBH3 could 
curb tumor proliferation and metastasis, either through small molecule inhibitors or RNA-based 
approaches. Additionally, its connection to immune cell infiltration suggests it could influence immune 
evasion, paving the way for combination therapies with immune checkpoint inhibitors. Building upon these 
findings, future investigations should focus on: elucidating the molecular mechanisms linking ALKBH3 to 
immune cell infiltration, with a particular focus on its role in shaping the tumor microenvironment; 
investigating the potential of ALKBH3 inhibitors in preclinical models, particularly their efficacy in halting 
the progression of lung adenocarcinoma and enhancing response to current therapeutic strategies; 
exploring ALKBH3’s role in other RNA modifications and their downstream effects, which could provide 
valuable insights into the broader implications of RNA epigenetics in the pathogenesis of lung 
adenocarcinoma; and conducting clinical studies to validate ALKBH3 as a biomarker for patient 
stratification and prognostic prediction, potentially improving personalized treatment approaches. 
Therefore, further studies and clinical trials are necessary to confirm the clinical value of ALKBH3 as a 
clinical diagnostic and prognostic indicator, paving the way for improved clinical outcomes in lung 
adenocarcinoma management.
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