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Background: To research the correlation between the prognosis of patients suffering from lung 
adenocarcinoma (LUAD) and methyltransferase like 7B (METTL7B) expression. 
Methods: The Cancer Genome Atlas (TCGA) database was utilized to verify METTL7B expression, and 
The Human Protein Atlas database was utilized to verify METTL7B expression at the tissue level. The 
relationship between METTL7B and LUAD prognostic data was then analyzed using the KM-plotter 
database. The correlation between METTL7B expression and immune cells was demonstrated through the 
TIMER database. For exploring the possible mechanism of action, gene set enrichment analysis (GSEA) was 
performed. Finally, the role of METTL7B in the adverse biological events of LUAD was further explored by 
in vitro experiments such as proliferation and invasion assays. 
Results: As per the TCGA database, METTL7B expression was increased in cancerous tissues compared 
with paracancerous tissues, and it was mostly located in the cytoplasm. Patients suffering from LUAD who 
had low METTL7B expression had a relatively better overall survival (OS) and disease-specific survival (DSS) 
according to the Kaplan-Meier-plotter (KM-plotter) database. METTL7B expression was significantly 
associated with immune cell infiltration in LUAD patients, as shown by correlation analysis. GSEA revealed 
that METTL7B may affect the physiological events of LUAD by playing a part in cell cycle regulation. In 
vitro cytological experiments demonstrated that METTL7B can markedly affect the metastasis of LUAD 
cells. 
Conclusions: The reduction of METTL7B expression can prolong OS and DSS in LUAD patients. It 
may be utilized as a novel predictive biomarker of LUAD, and may be associated with immune infiltration of 
LUAD. Interfering with METTL7B expression can significantly cause inhibition of LUAD by modulating 
the ability of cells to proliferate and migrate. These results point to a possible target for developing anti-
cancer therapies against LUAD.
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Introduction

Primary bronchogenic carcinoma, often known as lung 
cancer, is a cancerous tumor that originates from the 
bronchial mucosa or glands (1). Lung adenocarcinoma 
(LUAD) is divided into 2 types based on pathological 
classification: small cell lung cancer (SCLC) and non-
small cell lung cancer (NSCLC), with the latter accounting 
for 85% to 90% of cases (2). NSCLC has a high rate of 
malignancy, leading to only a 15% 5-year survival rate (3). At 
present, with the rapid development and wide application of 
biological therapy and immunotherapy, the clinical treatment 
of LUAD has broken with the traditional treatment 
methods that are mainly based on minimally invasive 
surgery, radiotherapy, and chemotherapy. Novel combined 
treatment has gradually prolonged the survival time of 
LUAD patients (4). Timely surgical treatment can greatly 
reduce the postoperative recurrence rate and mortality for 
patients who are diagnosed with early-stage LUAD (5). 
Therefore, reliable target molecules for early diagnosis and 
treatment are urgently needed.

Epigenetic modifications at the RNA level have gained 
more and more attention from researchers in recent 
years because of their important pathophysiological 
functions (6). Among them, RNA methylation (m6A, N6-
methyl-adenosine) modification as a post-transcriptional 
modification has become the most important anti-cancer 
research target (7,8). For example, miR-362-3p/miR-425-
5p downregulation of ZC3H13 is linked to poor prognosis 
along with poor outcomes in hepatocellular carcinoma 
(HCC) (9). In gastric cancer, WTAP overexpression 
affects tumor-related T lymphocyte infiltration, which 
contributes to a poor prognosis (10). The growth of bladder 
cancer is aided by dysregulation of the USP18/FTO/
PYCR1 signaling network (11). However, the role of RNA 
methylation modification in the onset and growth of lung 
cancer is still unclear. A member of the methyltransferase 
family, methyltransferase like 7B (METTL7B), located in 
the Golgi apparatus, was identified in 2004. METTL7B 
can methylate arginine or lysine in protein sequences to 
regulate the biological function of the protein and participate 
in the regulation of the body. Yet, there are few studies 
on the function of this gene and its related regulatory 
mechanism (12). Previous studies have shown that inhibition 
of intracellular methylase can lead to Golgi dispersion, a 
morphological phenomenon of the Golgi body, mainly 
involved in regulating cell proliferation, apoptosis, and the 
cell cycle (13). For example, the Golgi body regulates cell 
proliferation and apoptosis through Golgi phosphoprotein 3 

(GOLPH3) in order to repair DNA damage and mutations 
caused by radiation, which suggests that the METTL7B 
gene may be involved in regulating cell apoptosis and 
proliferation through the Golgi body (14,15).

This study mainly investigated the expression and 
involvement of METTL7B in determining the survival 
rate of patients suffering from LUAD via bioinformatics 
correlation analysis. In addition, we also performed relevant 
in vitro cytological experiments to investigate the effects of 
METTL7B on the behavior of tumor cells and its underlying 
mechanisms. We present the following article in accordance 
with the MDAR reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-3849/rc).

Methods

Data analysis via The Cancer Genome Atlas (TCGA) 
database

In order to study the expression of METTL7B in LUAD, 
we used the database TCGA (https://tcga-data.nci.nih.gov/) 
for analysis. The expression of METTL7B gene in tumor 
tissue and paracancerous tissue were compared according to 
the standard calculation method as described above

Tissue-level expression of METTL7B in The Human 
Protein Atlas database

In the human protein atlas database (https://www.
proteinatlas.org/), the protein expression encoded by 
mettl7b gene was searched. The images were filtered in 
the pathological map to find that the LUAD matched 
the normal tissue in the tissue map. Representative 
image sect ions  were taken from high-resolut ion 
immunohistochemical staining images available in the 
database. The localization of METTL7B in LUAD was 
clarified by querying the expression of METTL7B in The 
Human Protein Atlas database.

Correlation between METTL7B and the prognosis of 
LUAD via clinical data in the Kaplan-Meier-plotter (KM-
plotter) database 

Using km plotter database (http://kmplot.com/private/), 
Mettl7b was automatically grouped into high-risk and low-
risk groups by median as submitted genes. The link between 
METTL7B and LUAD patients’ prognosis was further 
analyzed by studying patient clinical data in the KM-plotter 
database.

https://atm.amegroups.com/article/view/10.21037/atm-22-3849/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-3849/rc
https://www.proteinatlas.org/
https://www.proteinatlas.org/
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Correlation between METTL7B expression and immune 
cells in the TIMER database

Timer database (http://cistrome.shinyapps.io/timer/) is a 
comprehensive resource for analyzing gene expression and 
tumor infiltrating immune cells of multiple cancer types. 
The association between mettl7b and the infiltration of 
various immune cell types into tumors and the expression of 
molecular markers of immune cell types was analyzed using 
the timer website

Gene set enrichment analysis (GSEA)

GSEA is a promising and widely used software package 
that derives gene sets to determine the different biological 
functions of METTL7B and LUAD entire genes. We 
further explored the signaling pathway that METTL7B 
may be involved in the poor prognosis of LUAD using gene 
enrichment methods.

Cell lines

The cell lines employed for this research including normal 
lung epithelial cells (BEAS-2B) and lung cancer cell lines 
(A549, H1299, 95D, H460) were bought from the Shanghai 
Chinese Academy of Sciences Cell Bank.

Reverse transcription quantitative PCR technique for the 
detection of METTL7B mRNA expression 

LUAD tissues and corresponding adjacent tissues of 
20 patients treated in Affiliated Taikang Xianlin Drum 
Tower Hospital, Medical School of Nanjing University 
were collected. To extract total RNA as described in the 
manufacturer’s instructions, first, 100 mg of tumor and 
paracancerous tissue samples were ground in powder form 
via liquid nitrogen milling, and 1 mL of Trizol lysate was 
added. For obtaining cDNA, a reverse transcription kit 
was utilized to reverse transcribe RNA and a fluorescence 
quantitative PCR instrument was used to perform the real-
time fluorescence quantitative PCR. Finally, the relative 
mRNA expression of the target molecule was calculated 
by the 2−ΔΔCt technique to clarify METTL7B expression in 
cancer and paracancerous tissue.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the ethics committee of Affiliated Taikang 
Xianlin Drum Tower Hospital, Medical School of Nanjing 

University (No. 2019-013) and informed consent was taken 
from all the patients.

In vitro cytological experimental verification

Cell Counting Kit-8 (CCK-8) detection of cell viability
The quantification of proliferating cells was carried out via 
the CCK-8 assay as specified in the manufacturer’s set of 
instructions. Each 96-well plate was seeded with 1,500 cells.  
CCK-8 solution was then poured into each well the 
following day. Absorbance [optical density (OD) at 450 nm] 
was determined by a microplate reader (BioRad, Shanghai, 
China) after 4 hours at 37 ℃ in a 5% CO2 incubator. A 
mean value was calculated after repeating the experiment 
thrice. 

Clonogenic assay
For clonogenic assays, 6-well culture plates were seeded 
with 500 cells of every type, gently shaken, and were 
subjected to 10 days of incubation in a 5% CO2 incubator 
at a temperature of 37 ℃. For quantifying positive colonies 
(>40 µm in diameter) after imaging, the cells were stained 
using 0.1% crystal violet (Sigma, St. Louis, MO, USA) after 
removing the medium. The experiments were repeated  
3 times, and differences in the colony-forming abilities of 
various cell types were recorded each time.

Transwell migration assay
Transwell chambers (BD Biosciences, San Jose, CA, USA) 
were utilized for studying cell migration. The upper chamber 
was seeded with 5×104 cells in 200 µL serum-free Dulbecco’s 
modified Eagle’s medium (DMEM), while DMEM 
supplemented with 10% fetal bovine serum (FBS) was added 
to the lower chamber. The invading cells present on the 
underside of the membrane were preserved with methanol 
and stained with crystal violet (Beyotime, Shanghai, China) 
after incubating for 24 hours. An inverted microscope was 
utilized for capturing the images. For counting the invading 
cells, 3 separate regions were used. The average value was 
calculated after repeating the experiment thrice.

Western blot detection
Prior to being lysed in cold RIPA buffer with protease 
inhibitors, the cells were washed 2 times with cold PBS 
at 4 ℃. The BCA protein assay kit (Pierce, Rockford, 
IL, USA) was utilized for determining the protein 
concentrations. Sodium dodecyl-sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE, 10%) was utilized to 
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denature the total protein, which was then transferred to 
a nitrocellulose membrane. The membranes were blocked 
at room temperature for 1 hour using 5% nonfat milk in 
Tris-buffered saline with 0.1% Tween-20 (TBST). The 
membrane along with the primary antibody was subjected 
to incubation overnight at 4 ℃. After rinsing thrice with 
TBST, the membranes were incubated for 1 hour at room 
temperature with the secondary antibody (anti-rabbit 
IgG). The membrane was again washed thrice with TBST 
for detection of the target protein by employing an ECL 
reagent (EMD Millipore, MA, USA).

Statistical analysis

The significance of continuous parameters expressed as 
mean ± standard deviation was determined by Student’s 
t-test. The software utilized for performing the entire 

statistical analysis were R software version 4.0.1 and SPSS 
software version 24.0. To assess METTL7B expression 
levels in normal and tumor tissues, the Wilcoxon test was 
performed. Kaplan-Meier curves were used to estimate the 
survival outcomes. The statistical significance was defined 
as P<0.05.

Results

Elevated METTL7B expression in LUAD

The pan-cancer analysis demonstrated that METTL7B 
expression was substantially high in most tumor tissues 
(Figure 1A). It was found by TCGA database search that 
METTL7B expression was also increased in LUAD 
tumor tissues (Figure 1B,1C). Construction of the receiver 
operating characteristic (ROC) curve found that the 
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Figure 1 METTL7B expression is elevated in lung adenocarcinoma. (A) The expression of METTL7B in pan-cancer tissues. (B) The 
unpaired lung adenocarcinoma tissues (n=535) and paracancerous tissues (n=59) in TCGA database highly expressed in tumor tissues. 
(C) The expression of METTL7B is significantly elevated in tumor tissues in paired lung adenocarcinoma tissues (n=59) compared to 
paracancerous tissues (n=59) in the TCGA database. (D) Increased METTL7B expression in tumor and normal tissues is illustrated by ROC 
curve analysis. There is a very good distinction between them. *, P<0.05; **, P<0.01; ***, P<0.001, “ns” means P>0.05. FPR, false positive 
rate; TCGA, The Cancer Genome Atlas; ROC, receiver operating characteristic; TPR, true positive rate; AUC, area under the curve.
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area under the curve (AUC) was 0.843, indicating that 
METTL7B also had a better prediction effect (Figure 1D).

Tissue-level expression of METTL7B in The Human 
Protein Atlas database

By querying METTL7B expression in The Human 
Protein Atlas database, we found that METTL7B is mainly 
localized in the cytoplasm of cells.

Correlation of METTL7B expression with the prognosis of 
LUAD in the KM-plotter database

The prognosis of LUAD patients with differing METTL7B 
expression was observed from the related clinical data 
available in the KM-plotter database. Although the 
statistical analysis of the data showed that the difference 
was not statistically significant, from the difference trend 
between the 2, we found that LUAD patients with increased 
METTL7B expression had poorer overall survival (OS, 
Figure 2A) and disease-specific survival (DSS, Figure 2B) 
than in patients with decreased METTL7B expression.

Correlation between METTL7B expression and immune 
cells in the TIMER database

Taking into consideration the poor prognosis of LUAD 
and the current use of immunosuppressants in clinical 
treatment, data analysis of the correlation between 
METTL7B expression and immune cells was performed. To 

illustrate the correlation between METTL7B expression, 
tumor purity, and immune cells in LUAD, bar graphs were 
created. 

We found that METTL7B expression had a positive 
correlation with B cells, CD8+ T cells, CD4+ T cells, 
neutrophils, macrophages, and neutrophils, but was 
negatively correlated with dendritic cells (Figure 3A). To 
evaluate further the impact of METTL7B on the tumor 
microenvironment (TME), the correlation between 
METTL7B and specific immune cells was analyzed. The 
results showed that METTL7B had a positive correlation 
with the infiltration levels of C, eosinophils, mast cells, 
TFH, Th17 cells, Th1 cells though had a negative 
correlation with the infiltration levels of CD8 T cells, T 
cells, NK cells, B cells (Figure 3B,3C).

GSEA

Through GSEA results,  3 statist ically significant 
re la ted  pathways  were  obta ined :  REACTOME_
G2_M_CHECKPOINTS,  REACTOME_PRC2_
M E T H Y L AT E S _ H I S T O N E S _ A N D _ D N A ,  a n d 
REACTOME_SIRT1_NEGATIVELY_REGULATES_
RRNA_EXPRESSION (Figure 4).

In vitro verification

Significantly high METTL7B expression in LUAD 
tissues and cell lines 
The above database analysis demonstrated that METTL7B 
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expression was substantially high in LUAD tissues. To 
further verify the above results, detection of the expression 
levels of METTL7B mRNA in 20 cases of LUAD 
tissues was performed by real-time PCR. The outcomes 
demonstrated that METTL7B expression was considerably 
elevated in LUAD tissue compared with paracancerous 
tissue (normal tissue, Figure 5A). Further detection in 
normal lung epithelial cells (BEAS-2B) and LUAD cell 
lines (A549, H1299, 95D, and H460) demonstrated that 
METTL7B expression was considerably reduced in LUAD 

cells compared with normal lung epithelial cells (BEAS-2B),  
with markedly increased expression levels in A549 cells 
and relatively low expression in H1299 cells (Figure 5B).  
Therefore, the METTL7B knock down model was 
constructed in A549 cells, and the overexpression model 
was constructed in H1299 cells for further experiments. 
Both models were verified via western blot and the 
outcomes demonstrated that in A549 cells, compared with 
the blank control group (shRNA-control), transfection 
targeted knockdown of intracellular METTL7B expression 
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Figure 5 METTL7B is highly expressed in lung adenocarcinoma tissues and cell lines. (A) Fluorescence quantitative PCR was employed 
to detect the METTL7B mRNA expression levels in 20 lung adenocarcinoma tissues. (B) Fluorescent quantitative PCR was used to detect 
METTL7B mRNA expression levels in normal lung epithelial cells (BEAS-2B) and lung adenocarcinoma cell lines (A549, H1299, 95D, 
and H460). (C) Detection of intracellular expression levels after knockdown of METTL7B in A549 cells via western blot. (D) Detection of 
intracellular expression levels after overexpression of METTL7B in H1299 cells via western blot, **, P<0.01. GAPDH, glyceraldehyde-3-
phosphate dehydrogenase.

was significantly reduced after METTL7B (shRNA#1 and 
shRNA#2) lentiviral vectors (Figure 5C). In H1299 cells, 
intracellular METTL7B expression was significantly increased 

after transfection with an overexpressing METTL7B 
lentiviral vector (pcDNA-METTL7B) in comparison to the 
blank control group (pcDNA-control, Figure 5D).
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METTL7B can significantly affect the proliferation of 
LUAD cells
First, the knockdown effect of METTL7B on proliferating 
LUAD cells was determined via the CCK-8 assay. According 
to the results, transfection with interfering shRNA#1 and 
shRNA#2 targeting METTL7B dramatically reduced the 
proliferation of A549 cells compared with the shRNA-control 
group (Figure 6A). Transfection of METTL7B overexpressed 
cells into H1299 cells dramatically increased the capability 
of LUAD cells to proliferate when compared to the pcDNA 
control group (Figure 6B). The effect on cell clone formation 
ability was further examined by the clonogenic assay. The 
results showed that in A549 cells, compared with the shRNA-
control group, transfection of interfering shRNA#1 and 
shRNA#2 targeting METTL7B could significantly inhibit 
the clone formation abilities (Figure 6C). Transfection of 
METTL7B overexpressed cells could improve the capability 
of LUAD cells to form clones in H1299 cells in comparison 
to the pcDNA control group (Figure 6D).

METTL7B can affect the migration ability of LUAD 
cells
The Transwell assay was employed to detect the migratory 

capabilities of LUAD cells after knockdown of METTL7B 
to better simulate tumor cell migration in vivo. The 
experiment results showed that in A549 cells, transfection of 
interfering shRNA#1 and shRNA#2 targeting METTL7B 
significantly inhibited the cells from migrating to the lower 
layer from the upper chamber compared to the shRNA-
control group. Additionally, in H1299 cells, the capability 
of LUAD cells migrating from the upper chamber to the 
lower layer was significantly enhanced after transfection 
with overexpression of METTL7B compared with the 
pcDNA control group (Figure 7).

Discussion

According to new research, lung cancer has now been 
identified as a malignant tumor with one of the greatest 
morbidity and death rates throughout the world. Due 
to local invasion, distant metastasis, and drug resistance, 
approximately one-fifth of all cancer-related deaths are 
caused by lung cancer every year, ranking first among all 
cancers (16). The study of lung cancer-related genes has 
always been a hot spot worldwide. The processes involved 
in lung cancer incidence and progression, on the other 
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Figure 6 METTL7B can significantly affect the proliferation of lung adenocarcinoma cells. (A,B) The CCK-8 assay detected the impact of 
knockdown or overexpression of METTL7B on the proliferation of lung adenocarcinoma cells. (C,D) The clonogenic assay detected the 
effects of METTL7B knockdown or overexpression on the clonogenic ability of lung adenocarcinoma cells (crystal violet staining, ×1), **, 
P<0.01. OD, optical density; CCK-8, Cell Counting Kit-8.
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Figure 7 Transwell assay comparing the effect of METTL7B knockdown or overexpression on lung cancer cell migration (crystal violet 
staining, bar =100 mm). **, P<0.01.

hand, are still not fully understood. Only 13% of patients 
have been reported to survive more than 5 years, and the 
mortality to morbidity ratio is 0.87 (17). LUAD is the most 
common pathological type of lung cancer, and the ratio of 
mortality and incidence of LUAD is similar to the overall 
situation of lung cancer (18,19). As a result, elucidating the 
mechanisms of the occurrence and progression of LUAD 
is critical in order to discover important biomarkers and 
develop new therapeutic strategies.

In this study, we firstly conducted data analysis by means 
of bioinformatics to explore the possible function played by 
METTL7B in the occurrence and growth of LUAD. It was 
discovered that METTL7B expression in LUAD tumor 
tissues was elevated compared to that in paracancerous 
tissues in the TCGA database, and that LUAD patients with 
reduced METTL7B expression had superior OS and DSS. 
METTL7B is mostly present in the cytoplasm of cells, 
according to the Human Protein Atlas database. METTL7B 
expression was observed to have a positive association 
with B cells, CD8+ T cells, CD4+ T cells, neutrophils, 
macrophages, and neutrophils,  but was negatively 
correlated with dendritic cells. These results point to the 
possibility that METTL7B may be associated with the 
immune infiltration of tumor cells in the TME of LUAD, 
which may also provide some reference for the selection 
of clinical immunosuppressants. GSEA revealed that 
METTL7B might affect the biological processes of LUAD 
by taking part in REACTOME_G2_M_CHECKPOINTS, 

REACTOME_PRC2_METHYLATES_HISTONES_
AND_DNA, REACTOME_SIRT1_NEGATIVELY_
REGULATES_RRNA_EXPRESSION, resulting in 
the different prognosis of HCC. A study has shown that 
downregulation of METTL7B causes the inhibition of 
metastasizing cells in vitro and xenograft tumor formation 
in vivo in clear cell renal cell carcinoma. Moreover, 
knockdown of METTL7B can induce apoptosis by 
promoting cell cycle arrest in G0/G1 phase (20). IGF2BP1 
promotes neuroendocrine tumor proliferation through 
post-transcriptional enhancement of EZH2 (21). N6-
methyladenosine (m6A) reader IGF2BP2 encourages 
gastric cancer metastasis by targeting SIRT1 (22). By 
modulating SIRT1 in an m6A-dependent manner, the m6A 
methyltransferase KIAA1429 operates as an oncogenic 
factor in colorectal cancer (23). Given that METTL7B 
is a member of m6A methylation regulators and previous 
research reports on this molecule. Two crucial aspects of 
cancer research are predicting outcomes and identifying 
key elements in the molecular systems that lead to adverse 
outcomes (24). We can speculate that METTL7B may lead 
to the poor prognosis of LUAD patients by participating 
in biological events such as proliferation and invasion. 
Therefore, we further verified the expression of METTL7B 
in LUAD and explored the possible mechanisms through 
cytological experiments. In addition, previous study 
showed that METTL7B was overexpressed in LUAD 
and significantly associated with the poor progression, 
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showing that METTL7B may serve as a potential novel 
biomarker for the diagnosis and prognosis of LUAD (25). 
The present study first showed that METTL7B expression 
was significantly associated with immune cell infiltration in 
LUAD patients, as shown by correlation analysis.

The expression levels of METTL7B in LUAD cells 
were discovered to be considerably high via real-time 
quantitative PCR experiments, which was also consistent 
with the findings in announcement database: Cancer 
Cell Line Encyclopedia. Further testing of normal lung 
epithelial cells (BEAS-2B) and lung cancer cell lines (A549, 
H1299, 95D, and H460) demonstrated that METTL7B 
was expressed at the highest level in A549 cells and had 
relatively lower expression in H1299 cells. For this reason, 
knockdown of METTL7B in A549 cells and overexpression 
of METTL7B in H1299 cells were constructed. CCK-
8 and clonogenic assays suggested that METTL7B could 
considerably affect the proliferation of LUAD cells. The 
Transwell assay showed that METTL7B could also affect 
the migratory abilities of LUAD cells. These outcomes 
indicate that METTL7B might play a role in various 
adverse biological events of LUAD by affecting the ability 
of cells to proliferate and migrate.

Conclusions 

In conclusion, this study provides multiple layers of 
data to highlight the importance of METTL7B in the 
growth of LUAD and its ability to act as a biomarker of 
LUAD disease evolution. Interfering with METTL7B 
can significantly cause the growth inhibition of LUAD by 
modulating the ability of cells to proliferate and migrate. 
These results indicate a possible target for developing anti-
cancer therapies against LUAD. 
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