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	 Background:	 Lung adenocarcinoma (LUAD) is the most common subtype of lung malignancy and is the leading cause of 
cancer-related mortalities worldwide. N6-methyladenosine (m6A), the most prevalent internal modification of 
mRNAs, plays crucial roles in regulating mRNA splicing, exportation, localization, translation, and stability. This 
study assessed the expression patterns and prognostic value of m6A-related genes in LUAD.

	 Material/Methods:	 The expression data of 509 LUAD samples and 20 normal samples were obtained from the Cancer Genome 
Atlas (TCGA) to determine the mRNA expression levels of m6A-related genomic targets. mRNA expression of 6 
LUAD datasets was obtained from the Gene Expression Omnibus (GEO) repository. Subsequently, the Human 
Protein Atlas (HPA) and tissue microarray (TMA) cohort were used to verify the expression pattern of m6A-
related genes at mRNA and protein level. The t test was used to analyze correlations between m6A-related 
genes and clinical features. Finally, survival analysis was performed to assess the prognostic value of m6A-
related genes in LUAD patients.

	 Results:	 We found that KIAA1429, RBM15, METTL3, HNRNPC, HNRNPA2B1, YTHDF1, and YTHDF2 were upregulated in 
TCGA-LUAD databases. The analysis of 7 GEO databases was consistent with the TCGA. YTHDF1 was overex-
pressed in LUAD patients and YTHDF2 was overexpressed in the great majority of cases. METTL3, YTHDF1, and 
YTHDF2 were associated with better OS and RFS.

	 Conclusions:	 m6A-related genes were differentially expressed in LUAD compared to matched normal patients. The m6A-
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Background

Lung cancer (LC) ranks as the first cause of cancer-related mor-
talities worldwide, with an approximate 5-year survival rate 
of 16.6%. Lung adenocarcinoma (LUAD) is the most frequent 
histological manifestation of lung cancer [1,2]. Multiple ther-
apies, such as surgical resection, chemotherapy, radiotherapy, 
and molecular targeted therapy, have been developed in clini-
cal treatment of LUAD in the past decades, but the overall sur-
vival time of LUAD patients has not significantly improved, pri-
marily due to the lack of useful molecular biomarkers [3]. Thus, 
a comprehensive understanding of the molecular mechanism 
underlying LUAD occurrence and progression is vital to improve 
diagnosis and prognosis at the outset. N6-methyladenosine 
(m6A) is a universal modification of RNA molecules in eukary-
otes. However, the biological importance of m6A remains most-
ly unknown. Alteration of m6A plays a crucial role in mRNA 
splicing, export, translation, and stability [4]. Related research 
has revealed that m6A exerts regulatory roles in RNA modula-
tion by acting as “writers”, “erasers”, and “readers” [5]. Many 
enzymes take part in the m6A system, such as methylases 
methyltransferase-like 3 (METTL3) and Heterogeneous Nuclear 
Ribonucleoprotein A2/B1 (HNRNPA2B1). Moreover, there is a 
significant association between m6A and diseases. Recent 
studies reported m6A modification is involved in the progres-
sion of various human diseases, such as obesity [6] and can-
cer [7], and in embryonic development [8]. However, the ex-
pression and prognostic value of m6A-related genes in LUAD 
have not been reported.

In this study, we profiled the mRNA expression patterns of 
m6A-related genes in lung adenocarcinoma. The data used 
in this study were obtained from the Cancer Genome Atlas 
(TCGA) and Gene Expression Omnibus (GEO) repository. Further 
transcription-mediated amplification (TMA) and hybridization 
protection assay analysis demonstrated that these molecules 
consistently depict similar expression patterns at the protein 
level. We also evaluated the correlations between m6A-relat-
ed proteins and clinical features, including race, age, sex, and 
pathological stage, in LUAD patients from the TCGA database. 
Survival analysis showed the robustness of m6A dysregula-
tion in LUAD patients.

Material and Methods

Acquisition and processing of LUAD datasets

The TCGA-LUAD and corresponding clinical data of 509 LUAD 
samples and 20 normal samples were downloaded from the 
Cancer Genome Atlas (TCGA) repository (https://gdc-portal.nci.
nih.gov/). mRNA expression of 6 LUAD datasets (GSE27262, 
GSE10072, GSE31210, GSE33532, GSE40791, and GSE43767) 

were obtained from the Gene Expression Omnibus (GEO) da-
tabase (http://www.ncbi.nlm.nih.gov/geo/). Translational-level 
validation of m6A-related genes was done using the Human 
Protein Atlas (HPA) database (http://www.proteinatlas.org/).

Patients and specimens

The LUAD tissue microarray (TMA) cohort was composed of 
21 LUAD samples and their matched normal tissues. All sam-
ples were obtained from the ZZU TMA cohort (First Affiliated 
Hospital of Zhengzhou University, from April 2016 to December 
2016) [9]. None of the patients had ever received chemotherapy, 
radiotherapy, or immunotherapy before surgery. Our study 
was permitted by the Ethics Committee of the First Affiliated 
Hospital of Zhengzhou University and written informed con-
sents were signed before operations for all patients.

Immunohistochemical (IHC) analysis

IHC staining was performed using a SignalStain® Boost IHC 
Detection kit following the manufacturer’s instructions [10]. 
Briefly, the TMA sections were deparaffinized in xylene and 
rehydrated through graded alcohol. The antigen was then re-
trieved in Target Retrieval Solution (Dako, CA, USA) and 10% 
normal goat serum was used to block nonspecific binding. 
Subsequently, the sections were incubated with corresponding 
primary antibodies (Proteintech Group, China) overnight at 4°C. 
The secondary antibody (Proteintech Group, China) was added 
for incubation for 1 h and then the nucleus was stained with 
the SignalStain® DAB Substrate Kit (CST, USA). The whole sec-
tions were evaluated by 2 pathologists who were unaware of 
the clinical data of all patients. The samples were scored based 
on the proportion and intensity of cell staining. Scores great-
er than 1 were regarded as high expression, while scores of 0 
were regarded as low expression. The Supplementary Table 1 
shows the specific information of antibodies used in our study.

Statistical analysis

All statistical analyses were done using SPSS 23.0 software 
(IBM Corp., Armonk, NY, USA) and GraphPad Prism 7 (San Diego, 
CA, USA). Correlation between the expression of m6A-related 
genes and clinical variables of LUAD patients were estimat-
ed by t test. The Pearson’s c2 test or Fisher’s exact test were 
used to evaluate TMA results. Kaplan-Meier and log-rank test 
were conducted for survival analysis. R studio was used to ob-
tain each gene’s best cutoff value and survival curves. In ad-
dition, univariate and multivariate Cox regression analyses 
were conducted to select independent prognostic factors for 
OS and RFS. P values (two-sided) less than 0.05 were consid-
ered as statistically significant.
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Results

The mRNA expression pattern of m6A-related genes in 
LUAD

The expression pattern of all known m6A-related genes was 
analyzed in lung adenocarcinoma (LUAD) based on TCGA data-
sets. The analysis results revealed that several m6A-related 
genes were dysregulated in lung adenocarcinoma tissues com-
pared with normal tissues. In LUAD, m6A “writers”, including 
KIAA1429, RBM15, and METTL3, were upregulated. However, 
the expression of m6A “readers” was remarkably increased in 
tumor tissues compared with corresponding normal tissues, 
except for YTHDF3 and YTHDC, whose expression was not sig-
nificantly different between the 2 tissue types. In m6A “eras-
ers”, the difference in expression of ALKBH5 between tumor 
tissues and normal tissues was not significant (Figure 1A). 

Subsequently, 6 GEO datasets were applied to further verify 
the expression pattern of m6A-related genes in LUAD tissues. 
Consistent with TCGA analysis, YTHDF1 was overexpressed in all 
6 GEO datasets, while YTHDF2 was upregulated in 5 GEO data-
sets. In contrast, the expression of WTAP, RBM15B, METTL14, 
METTL16, YTHDF3, YTHDC, and ALKBH5 was not significantly 
different between LUAD and non-tumor tissues. The details 
are shown in Figure 1B. Generally, these results suggested 
that m6A-related genes are frequently dysregulated in vari-
ous LUAD clinical cohorts.

The protein expression profile of m6A-related genes in 
LUAD

Considering the complexity of post-transcriptional regulation, 
we further used IHC to analyze the expression differences of 
m6A-related genes at the protein level. A TMA cohort containing 
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Figure 1. �Fourteen m6A-related genes were differentially expressed in LUAD patients. The t test (unpaired, two-tailed) was used for 
statistical analysis. (A) mRNA expression of m6A-related genes in TCGA data analysis in LUAD tissues and paired normal 
tissues. (B) The heatmap indicates the expression of m6A-related genes in TCGA and 6 GEO databases. TCGA – The Cancer 
Genome Atlas; LUAD – lung adenocarcinoma; NS – not significant; * P<0.05; ** P<0.01; *** P<0.001.
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Figure 2. �The protein expression of m6A-related genes in LUAD tissues and paired non-tumor samples. (A–C) The protein expression 
in LUAD tissues and paired non-tumor samples. (B–D) Some proteins, including WTAP, KIAA1429, RBM15, RBM15B, HNRNPC, 
HNRNPA2B1, YTHDF1, YTHDF3, and ALKBH5, were overexpressed in LUAD tissues. The t test was conducted for statistically 
analysis. LUAD – lung adenocarcinoma; NS – not significant; N – normal; T – tumor; * P<0.05; ** P<0.01; *** P<0.001.
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Figure 3. �The protein expression of m6A-related genes in HPA cohort, which were largely similarly to our TMA cohort.
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Figure 4. �The clinicopathological data of LUAD TCGA data are shown in detail. The t test was used for comparison between 2 groups. 
P<0.05 was considered to indicate statistical significance. (A) METTL3 was differentially expressed in LUAD patients of 
different races. (B) METTL3 was differentially expressed at different ages. (C) KIAA1429 was upregulated in male LUAD 
patients compared to female patients. (D) METTL14 and YTHDF2 were differentially expressed in different TNM stages. 
LUAD – lung adenocarcinoma; NS – not significant; * P<0.05; ** P<0.01; *** P<0.001.
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21 LUAD tissues and their corresponding normal tissues was 
used in the IHC analysis. The results indicated that the protein 
expression of 4 m6A “writers” – WTAP, KIAA1429, RBM15, and 
RBM15B – was upregulated in LUAD tissues compared to nor-
mal tissues (Figure 2A, 2B). mRNA expression analysis indicat-
ed that m6A “readers” were upregulated and similar protein ex-
pression results were obtained except for YTHDF2 and YTHDC1. 
The protein expression of the other 4 m6A “readers” – HNRNPC, 
HNRNPA2B1, YTHDF1, and YTHDF3 – was upregulated in LUAD 
tissues as compared to non-tumor tissues (Figure 2C, 2D). In 
m6A “erasers”, the expression of ALKBH5 was upregulated in 
LUAD tissues at the protein level (Figure 2C, 2D). Upregulated 
genes depicted a similar expression pattern at both the mRNA 
level and at the protein levels. For instance, the protein expres-
sion levels of the 7 highly-expressed mRNAs were higher in LUAD 
tissues than in normal tissues except for METTL3 and YTHDF2 
(Figure 2). However, other molecules like METTL14, METTL16, 
and YTHDC, which demonstrate similar mRNA expression levels 

between LUAD tissues and non-tumor tissues, also did not show 
significant differences at the protein level. The protein expression 
of m6A-related genes obtained in the HPA database (Figure 3) 
was similar to the one reflected in our TMA cohort.

The clinicopathological data of m6A-associated genes in 
LUAD patients

The clinicopathological data of LUAD obtained from the TCGA 
data portal is detailed in Figure 4. We observed that METTL3 
was differentially expressed in LUAD patients among differ-
ent races and ages. KIAA1429 was upregulated in male LUAD 
patients compared to female patients. METTL14 and YTHDF2 
were differentially expressed in different TNM stages. The re-
sults of univariate and multivariate Cox analyses of TCGA-LUAD 
databases, as displayed in forest plots, are shown in Figure 5. 
These results confirm that m6A-related genes were differen-
tially expressed in the LUAD cohort.
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Figure 5. �Forest plot depicting correlations between the indicated factors and the OS and RFS of TCGA-LUAD cohort. R studio 
was used to determine the best cutoff value. The correlations between m6A-related genes and OS, as well as RFS, were 
performed by univariate and multivariate Cox regression analyses. (A) The univariate analysis of the overall survival 
rate. (B) The multivariate analysis of the overall survival rate revealed that TNM stage 2, YTHDF1, and HNRNPA2B1 were 
independent predictors of OS rate. (C) The univariate analysis of recurrence-free survival rate. TCGA – The Cancer Genome 
Atlas; LUAD – lung adenocarcinoma; OS – overall survival; RFS – recurrence-free survival.

M6A dysregulation generates predictive signatures in 
LUAD patients

An assessment of whether the abnormal expression of m6A-
related genes was correlated with the clinical progression and 
outcomes of LUAD patients was done by analyzing the overall 
survival and recurrence-free survival data of the TCGA-LUAD 
cohort. The analysis results revealed that METTL3 (P=0.007), 
HNRNPA2B1 (P=0.027), YTHDF1 (P=0.03), and YTHDF2 (P=0.025) 
were significantly associated with overall survival (Figure 6). 
Also, RBM15 (P=0.032), METTL3 (P=0.027), YTHDF1 (P=0.021), 
YTHDF2 (P=0.034) were obviously associated with recurrence-
free survival (Figure 7). These results indicated that METTL3, 
YTHDF1, and YTHDF2 expression are associated with the prog-
nosis of LUAD patients.

Discussion

Lung adenocarcinoma (LUAD) is one of the most common 
causes of global cancer-related mortalities worldwide [11]. 
Numerous studies have revealed that the occurrence and pro-
gression of tumors can be facilitated by genomic and epigenetic 

alterations [12], such as DNA methylation [13]. For instance, 
modifications in m6A, the most common form of mRNA mod-
ification, have been implicated in tumor proliferation, inva-
sion, and metastasis. The findings of Lin et al. revealed that 
METTL3, a modified form of m6A, promotes the proliferation 
and mobility of gastric cancer cells [14]. Also, Zhou et al. ver-
ified that the alternation of m6A is associated with a patho-
logic stage in clear cell renal carcinoma [15].

In the present study, we assessed whether m6A-related genes 
could serve as novel biomarkers for LUAD. From the TCGA data-
bases, we found that some m6A-associated genes, including 
KIAA1429, RBM15, METTL3, HNRNPC, HNRNPA2B1, YTHDF1, 
and YTHDF2, are upregulated in LUAD compared to matched 
normal patients. Consistent with these findings, analysis of 
data from 6 GEO databases revealed that YTHDF1 and YTHDF2 
were also overexpressed in LUAD patients. Previous studies 
have shown that expression of m6A-related genes is dysreg-
ulated in several cancers, including breast cancer [16], lung 
cancer [17], and glioma [18]. For example, the expression of 
METTL3 is significantly upregulated in non-small-cell lung car-
cinoma (NSCLC) [19]. A previous study reported that m6A is 
associated with the differentiation pathways that determine 
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Figure 6. �Analysis of the relationships between m6A-related genes expression and OS in LUAD TCGA samples was performed using 
R studio. Patients with upregulation of METTL3, YTHDF1, and YTHDF2 were correlated with better OS rate and patients 
with overexpression of HNRNPA2B1 were associated with worse OS rate. TCGA – The Cancer Genome Atlas; LUAD – lung 
adenocarcinoma; OS, overall survival.
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Figure 7. �Analysis of the relationships between m6A-related genes expression and RFS in LUAD TCGA samples was performed 
using R studio. Patients with increased expression of RBM15 were significantly associated with poor RFS, and better 
RFS was related to elevated METTL3, YTHDF1, and YTHDF2 expression. TCGA – The Cancer Genome Atlas; LUAD – lung 
adenocarcinoma; RFS – recurrence-free survival.
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the fate of stem cells. Notably, the pathways involved in the 
maintenance and differentiation of embryonic stem cells have 
been directly linked to the acquisition of stem cell properties 
in both solid and hematological malignancies. Subsequently, 
m6A alterations could have a role in cancer development [20].

Moreover, the results of this study indicate that METTL3, 
YTHDF1, YTHDF2, and HNRNPA2B1 are correlated with the 
overall survival rate. We also found that METTL3, YTHDF1, 
YTHDF2, and RBM15 are linked to the rate of recurrence-free 
survival. Overexpression of ALKBH5 has been associated with a 
lower survival time of glioblastoma [21]. Moreover, Chen et al. 
found that the RNA methyltransferase METTL3 promotes the 
progression of liver cancer through YTHDF2-dependent post-
transcriptional silencing of suppressors of cytokine signaling 2 
(SOCS2) [22]. In the present study, patients with high expres-
sion of METTL3, YTHDF1, and YTHDF2 were associated with 
better OS while patients with overexpression of HNRNPA2B1 
were linked with poor OS. Whereas patients with high expres-
sion of RBM15 were associated with poor RFS, patients with 
elevated expression of METTL3, YTHDF1, and YTHDF2 were as-
sociated with better RFS. These findings suggest that METTL3, 
YTHDF1, and YTHDF2 are promising LUAD prognostic biomark-
ers. Notably, METTL3 has been found to promote protein trans-
lation of oncogenes in lung cancer cells through methyltransfer-
ase-independent activity [23]. Recent studies have found that t 
METTL3 knockdown triggers apoptosis and modulation of p53 
signaling in cancer cells, indicating that METTL3 is essential 
in the survival of cancer cells [24–26]. The YTH domain-con-
taining proteins, such as YTHDF1 and YTHDF2, are recognized 
as m6A “reader” proteins [27]. YTHDF1 enhances the efficien-
cy of mRNA translation, while YTHDF2 influences mRNA sta-
bility [28,29]. Recent studies have highlighted that RNA meth-
ylation affects cancer self-renewal and cell fate [30–32]. Also, 
methylation of RNA is involved in cancer stem cell (CSC) plu-
ripotency, extensive cell proliferation, metastasis, and poten-
tially in tumor immunity. Subsequently, RNA methylation could 

provide a novel therapeutic avenue, and should, therefore, be 
explored further [33–35]. The identification of consistently al-
tered gene expression patterns is an essential tool in basic 
and clinical cancer research. In this study, we demonstrated 
for the first time that m6A-related genes are partially upreg-
ulated in lung adenocarcinoma and are potential diagnostic 
biomarkers and prognostic indicators in lung adenocarcinoma.

Modification in m6A form is the most ubiquitous regulation 
mechanism in RNAs processing, which is mediated by 3 cate-
gories of RNA-modification enzymes. The enzyme categories in-
clude M6A “writers,” M6A “erasers,” and M6A “readers.” M6A 
“writers” such as METTL3 modify RNA by methylation, but the 
methylation status of RNAs can be reversed by m6A “erasers” 
like FTO and ALKBH5 [7,36]. On the other hand, m6A “reader” 
proteins recognize m6A modification by binding specific do-
mains, followed by RNA splicing, mRNA decay, and translation 
regulation [37,38]. These mechanisms facilitate m6A-related 
molecules to manipulate carcinoma progression and deterio-
ration. However, the current body of knowledge on the mech-
anistic link between m6A and human carcinogenesis is lim-
ited. Therefore, elucidation of the function of m6A in tumor 
progression is of significance and could shed light on future 
clinical cancer therapy and drug developments.

Conclusions

The expression patterns of m6A-related genes differ substan-
tially between LUAD and matched normal tissues. The func-
tions of m6A-related genes METTL3, YTHDF1, and YTHDF2 ap-
pear to be associated with the prognosis of LUAD.
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Supplementary Data

Group Antibody IHC Specificity Company

Writers WTAP 1: 500 Mouse monoclonal Proteintech Group, China

KIAA1429 1: 200 Rabbit polyclonal Proteintech Group, China

RBM15 1: 500 Rabbit polyclonal Proteintech Group, China

RBM15B 1: 200 Rabbit polyclonal Proteintech Group, China

METTL3 1: 200 Rabbit polyclonal Proteintech Group, China

METTL14 1: 200 Rabbit polyclonal Proteintech Group, China

METTL16 1: 200 Rabbit polyclonal Proteintech Group, China

Erasers ALKBH5 1: 500 Rabbit polyclonal Proteintech Group, China

Readers HNRNPA2B1 1: 500 Rabbit polyclonal Proteintech Group, China

HNRNPC 1: 200 Rabbit polyclonal Proteintech Group, China

YTHDF1 1: 200 Rabbit polyclonal Proteintech Group, China

YTHDF2 1: 200 Rabbit polyclonal Proteintech Group, China

YTHDF3 1: 200 Rabbit polyclonal Proteintech Group, China

YTHDC1 1: 200 Rabbit polyclonal Proteintech Group, China

Supplementary Table 1. Information on antibodies used in this study.

IHC – immunohistochemistry.
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