
Original Research Article
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METTL3 in Different Cancers: A System
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Abstract

Background: Recent studies have shown that methyltransferase-like 3, a catalytic enzyme that is predominant in the N6-
methyladenosine methyltransferase system, is abnormally expressed in various types of carcinoma and is correlated with
poorer prognosis. However, the clinical functions of methyltransferase-like 3 in the prognosis of tumors are not fully understood.

Methods: We identified studies by searching PubMed, Web of Science, and MedRvix for literature (up to June 30, 2020), and
collected a total of 9 studies with 1257 patients for this meta-analysis. The cancer types included gastric cancer, breast cancer,
non-small cell lung cancer, bladder cancer, colorectal cancer and ovarian. We further used The Cancer Genome Atlas dataset to
validate the results.

Results: High methyltransferase-like 3 expression clearly predicted a worse outcome (high vs. low methyltransferase-like 3
expression group; hazard ratio ¼ 2.09, 95% confidence interval 1.53–2.89, P ¼ 0.0001). Moreover, methyltransferase-like 3
expression was associated with differentiation (moderate þ poor vs. well, pooled odds ratio ¼ 1.76, 95% confidence interval
1.32–2.35, P ¼ 0.0001), and gender (male vs. female, pooled odds ratio ¼ 0.73, 95% confidence interval 0.55-0.97, P ¼ 0.029).

Conclusion: Our results suggest that methyltransferase-like 3 upregulation is significantly associated with poor prognosis and
could potentially function as a tumor biomarker in cancer prognosis.
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Introduction

Cancer, which is a leading cause of disability and death glob-

ally, has become a major problem in fundamental public health

worldwide.1,2 Driven by the evolution of exposure to high-risk

factors and demographic change, more people are developing

cancers, while the expenditure on treatment is likewise spiral-

ing.3 Although science and technology are developing rapidly,

oncotherapy is continually faced with great challenges such as

poor prognosis and delayed diagnosis, owing to the lack of

specific biomarkers. Hence, it is important to explore novel

biomarkers and help reveal the association between the bio-

marker expression levels and cancer progression. In addition, it

may aid in the identification of potential therapeutic targets and

novel diagnostic methods for cancer.
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A complicated interplay among “reader,” “eraser,” and

“writer” proteins, plays an essential role in mediating N6-

methyladenosine (m6A) modifications.4,5 Erasers and writers

regulate the prevalence, distribution, and abundance of m6A,

whereas readers modulate the gene modification functions in

m6A, such as RNA stability, RNA export, mRNA splicing, and

translation.6 m6A mediates a variety of RNAs, such as long

non-coding RNAs (lncRNAs), eukaryotic messenger RNAs

(mRNAs), and microRNAs (miRNAs). m6A is concentrated

in the sites near the termination codon and 30 untranslated

region (UTR), translating in a cap-independent manner near

the 50 UTR.7

Methyltransferase-like 3 (METTL3) is a major catalytic

enzyme in the m6A methyltransferase (MTase) system.8

MTase complex “writers” accomplish m6A deposition. In

mammalian cells, 2 separate proteins, MT-A and MT-B, are

required for m6A MTase activity on mRNA. METTL3, also

known as MT-A70, is a 70 KDa S-adenosylmethionine-binding

subunit of the multimeric protein MT-A,8 and belongs to the

class I MTase family. METTL3 participates in all phases of

the RNA M6A life-cycle, such as mRNA splicing,9 nuclear

export,10 translation regulation,11 miRNA processing,12 and

mRNA decay.13 Other components of “writers” help METTL3

to complete the catalytic process, which is considered the most

common m6A pathway, modifying most m6A sites, especially

in mRNA.14

m6A modification mediated by MTETTL3 plays a dual and

essential role in the progression of human cancers, with a com-

plex underlying mechanism involving multiple pathways and

molecules. For instance, METTL3 interacts with DGCR8 and

results in a reduction in the phosphatase and tensin homolog

(PTEN) levels in an m6A-dependent manner, positively regu-

lating miRNA maturation and processing.15,16 On one hand,

Lin et al. revealed that m6A modification influences

epithelial-mesenchymal transition (EMT) depending on the

reader ELAVL1, and that METTL3 downregulation impairs

EMT, both in vitro and in vivo.17 On the other hand, Lin

et al. demonstrated that METTL3 knockdown upregulated the

active caspase-3 and positive regulator BAX, but downregu-

lated the negative apoptosis regulator, BCL2, indicating that

the apoptosis-related pathway was activated by METTL3

knockdown.18 In addition, Li et al. discovered that SOX2, in

which expression is correlated to cancer stem cell differentia-

tion, exhibited the most persistently decreased level of m6A in

METTL3-downregulation colorectal cancer cells.19 In sum-

mary, METTL3 dysregulation in diverse cancers can regulate

apoptosis, EMT, and stem cell self-renewal, which were found

to be essential for tumor progression.

Only a few articles focused on why the expression of

METTL3 is abnormal in tumor. Current evidence indicated that

METTL3 expression can be influenced by histone modification

and non-coding RNAs. For instance, Wang et al. found that the

activation of H3K27 acetylation mediated by P300 can lead to

the upregulation of METTL3 expression in gastric cancer

(GC).20 In another study, Zhang et al. proved that hypomethy-

lation at the METTL3 promoter increased the expression of

METTL3 by using a cigarette smoke condensate-induced

malignant transformation model of pancreatic duct epithelial

cells.21 In addition, bioinformatics analysis indicated that

METTL3 mRNA might be activated by the transcription factor

GFI-1,22 and further functional verification was necessary.

It has also been pointed that miR-24-2 can upregulate METTL3

expression in liver cancer23 and that METTL3 expression was

reduced by miR-4429 in gastric cancer.24 Additionally, other

components of MTase complex (MTC) should be emphasized,

especially METTL14, when exploring the m6A-related func-

tion of METTL3 in tumor. The expression of METTL3 was

positively associated with the expression of METTL14, and

both revealed high expression in normal breast-like and lumi-

nal A/B breast cancer.25 In brief, these studies indicated that

METTL3 expression can be influenced by promoter methyla-

tion, histone modification, other MTC components and

non-coding RNAs.23

The clinical function of METTL3 is controversial.26 Most

tumor cell lines and tissues show increased METTL3 expres-

sion, which plays an oncogenic role in various stages of tumor

progression.15 However, a few studies have indicated converse

conclusions regarding METTL3 expression and its role in

bladder-urothelial carcinoma (BLCA), glioblastoma multi-

forme (GBM), colorectal cancer (CRC), and invasive breast

carcinoma (BRCA). Therefore, in this study, meta-analysis and

bioinformatic analyses were conducted, to identify the possible

correlation, and evaluate the association between METTL3

expression and prognosis or the clinicopathological character-

istics of cancer.

Materials and Methods

Search Strategy

A standard guideline was used to perform this study for this

meta-analysis of original articles.27,28 The databases PubMed,

Web of Science, and MedRvix were searched. The latest time

for publishing was June 30, 2020. And the searching key words

were “METTL3” OR “Methyltransferase-like 3” and “Tumor”

or “Carcinoma” or “Cancer” and “prognosis” or “outcome.”

The search was broadened by browsing the related methods,

summary, and references of retrieved articles. Notably, articles

from any regions in the databases were included, as long as the

conditions were satisfied. Two researchers finished the assess-

ment of all the studies included respectively.

Study Inclusion/Exclusion Criteria

The inclusion criteria of this meta-analysis were as follows: (1)

The language was restricted in English and the study should be

published in full paper. (2) The expression of METTL3 was

measured by reverse-transcriptase polymerase chain reaction

(qRT-PCR) in different tumor tissue. All the patients in the

studies were separated into 2 groups based on their METTL3

expression; (3) The patients were diagnosed with cancer

definitively;
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The exclusion criteria of this meta-analysis were as follows:

(1) Animal and cell experiments, letter, case report or review;

(2) Studies without enough data required. Data must contain

the following content: (1) Authors, countries and published

years (2) sample sizes (3) result of METTL3 testing by

qRT-PCR or immunohistochemistry (IHC). (4) HRs and the

corresponding 95% confidence interval (CI) produced by mul-

tivariate analysis investigating the relationship between

METTL3 and overall survival. (5) Clinical features such as

age, gender, tumor size, differentiation, metastasis, and TNM

stage. Among them, 1-3 are necessary items. Either 4 or 5 can

satisfy the conditions.

Data Extraction

The following data of each studies was extracted as follows: (1)

Authors, countries and published years (2) Ages, sample sizes,

gender, METTL3 testing. (3) The followed-up time or the

description of followed-up. (4) Overall survival (5) HRs and

the corresponding 95% confidence interval (CI) produced by

multivariate analysis investigating the relationship between

METTL3 and. (6) Clinical features such as age, gender, tumor

size, differentiation, metastasis, and TNM stage.

Quality Assessment

As was shown in Table S1. Tumor Marker Prognostic Studies

(REMARK) guidelines were adopted for quality assessment of

the included studies; The scores varied from 60% to 80%. It

would be regarded as high-quality studies when score was more

than 60% scores. The detailed scores were shown in Table S2.

Statistical Analysis

STATA 15.1 software was used to process the data extracted.

HR and 95% CI values were collected to evaluate the relation-

ship between METTL3 and OS. Moreover, ORs with 95% CIs

were pooled to evaluate the relationship between expression of

METTL3 and clinicopathological features. Subgroup analysis

were performed to confirm whether different regions, sample

sizes and cancer types resulted in the changes of overall results.

The heterogeneity was conducted by the I2 statistics and

chi-squared Q test. A random-effects model was selected when

severe heterogeneity was calculated(I2 > 40% or P < 0.05).

Otherwise, a fixed-effects model would be chosen. Publication

bias together with sensitivity analyses were examined to eval-

uate the stability by Begg’s test.

Bioinformatics Analysis

The Htseq-counts of METTL3, survival information and clinical

information of patients were extracted from TCGA (https://can

cergenome.nih.gov/). Differential expression analysis was con-

ducted between normal samples and tumor samples by using

edge R package. The Benjamini-Hochberg test was conducted

to avoid false-positive result. Differences were considered sta-

tistically significant with |Log2fold change (FC)| cutoff >1 and

P < 0.01. Considering that the patient situation has certain het-

erogeneity, such as the stage of cancer and taking different treat-

ment schemes. Selection bias can be controlled when strictly

enforcing the inclusion and exclusion criteria of study subjects.

Therefore, Inclusion and exclusion criteria were adopted to fur-

ther sort out the data. On the premise of ensuring the representa-

tiveness of the study subjects, the scope of the study was

narrowed by limiting exposure or intervention factors. The inclu-

sion and exclusion criteria were presented in the supplement

material. All the patients in the studies were divided into 2

groups based on their expression of METTL3. The differences

in survival time were assessed by using Kaplan–Meier survival

curves and log-rank tests, using P < 0.05 as a threshold. Then

clinical information was used to explore the relationships

between METTL3 expression and gender, tumor metastasis,

tumor stage. Due to the lack of relevant data in glioblastoma,

we only carried out this work in bladder cancer, colorectal cancer

and breast cancer. Patients were divided into 2 groups according

to their clinical information, including gender, tumor metastasis

and tumor stage. Unpaired t-test was conducted to assess the

differences in METTL3 expression between 2 groups, using

P < 0.05 as a threshold.

Results

Characteristics of the Selected Studies

The initial search yielded a total of 125 articles. A total of

109 articles remained, after duplicates were removed. And

then, the abstracts were independently and carefully reviewed

by 2 researchers according to the criteria mentioned above.

Disagreement was resolved by discussion between the 2

researchers until a consensus was reached. Upon assessment

of the 19 full-text articles, 10 were excluded for the following

reasons: 3 articles were reviews, 4 articles did not have enough

required enough data, 1 article used data from The Cancer

Genome Atlas (TCGA), and 2 articles did not focus on human

subjects, which we were not interested in.

As shown in Table 1, 9 studies published between 2016 and

2020 were finally selected for our meta-analysis after meticu-

lous inspection. The study selection process is illustrated in the

flowchart (Figure 1). The 9 studies included for the final anal-

ysis involved 1437 patients with different cancers. The study

with the largest sample size had 432 samples, and that with

smallest sample size had 50 samples. The studies consisted of

6 tumor categories including bladder, colorectal, gastric, ovar-

ian, breast, and non-small-cell lung cancer. The published year

was from 2016 to 2020. Among the 9 studies, patients were

separated into 2 groups based on METTL3 expression. The first

group was characterized by a high level of METTL3, and the

second group was compared with the former group.15,19,29-35

Correlation Between METTL3 Expression and Prognosis

The correlation between METTL3 expression levels and out-

comes is presented in Figure 2A. The role of METTL3 in
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overall survival (OS) in patients with different types of carci-

noma was evaluated in the meta-analysis. Statistical analysis of

all the articles revealed a correlation between OS and

METTL3. Considering that I2 > 40% and heterogeneity was

found in these articles, a random-effects model was selected.

The pooled hazard ratios (HRs) demonstrated that higher

METTL3 expression levels were associated with worse

survival (high vs. low METTL3 expression group; pooled

HR ¼ 2.09, 95% confidence interval (CI) 1.53–2.89,

P ¼ 0.0001, random effect; Figure 2A). Sensitivity analysis

was used to evaluate the pooled results (Figure 2B), which

proved the reliability. Publication bias was evaluated using

Begg’s funnel plot, and there was no obvious publication bias

observed for OS (P ¼ 0.063; Figure 2C). In summary, the

results of combined data revealed that METTL3 carriers could

predict worse overall survival than patients with lower

METTL3 expression in various cancers, and this conclusion

was reliable, excluding heterogeneity and publication bias.

Subgroup analysis was performed to determine whether var-

iations in the results were caused by the different cancer types,

sample size, and regions (Table 2). Regions were analyzed for

OS, suggesting that higher METTL3 expression could predict

a worse survival outcome in both the Yantse River Delta

(HR ¼ 2.84, 95% CI 1.47–5.49, P ¼ 0.002; Figure 3A) and

Pearl River Delta (HR ¼ 2.26, 95% CI 1.55–3.29, P ¼ 0.0001;

Figure 3A), respectively. Thus, this result indicated that

METTL3 was differentially expressed in 2 local populations.

Further analysis of the cancer types showed that higher

METTL3 expression indicated poorer OS in both the CRC

group (HR ¼ 2.04, 95% CI 1.22-3.41, P ¼ 0.007;

Figure 3B), and other cancer type groups (HR ¼ 2.15, 95%
CI 1.39–3.31, P ¼ 0.001; Figure 3B). No significant differ-

ences were found in this subgroup analysis. We stratified all

the studies included into 2 groups based on the sample size,

with 100 set as the cut-off value separating the studies. We

found that the group of studies with a sample size over 100

had a higher HR (HR ¼ 2.82, 95% CI 2.02–3.95, P ¼ 0.0001;

Figure 3C), and studies with a sample size less than 100 had a

lower HR (HR ¼ 1.38, 95% CI 1.20–1.59, P ¼ 0.0001;

Figure 3C). The larger sample size reduced the sampling error

and increased the value of the test statistic, which demonstrated

the reliability of the study.

Verification of the Results Using TCGA

Here, insight into functional influence of METTL3 expression

was gained by conducting bioinformatic analyses in various

cancers. First, data from TCGA were used to evaluate

METTL3 expression in 4 different cancers. As shown in

Figure 4A, METTL3 was upregulated in GBM, BLCA and

CRC (|Log2fold change (FC)| cutoff >1 and P<0.01). We used

Kaplan-Meier curves together with the log-rank test to define

the associations between METTL3 and OS in patients with

different types of cancer, according to the TCGA dataset. Sim-

ilar results were observed in GBM, with higher METTL3

expression levels being associated with worse survival, as com-

pared to this meta-analysis (P ¼ 0.037 < 0.05, log-rank;

Figure 4B). Higher METTL3 expression was also correlated

with better OS in BRCA (P ¼ 0.048 < 0.05, log-rank;

Figure 4B). The results revealed that METTL3 could play a

role as an independent prognostic biomarker in GBM and

BRCA. Unpaired t-test was conducted to assess the association

between METTL3 expression and clinical characteristics in

TCGA data. METTL3 expression was lower in male patients

than in female patients in CRC (P ¼ 0.022 < 0.05; Figure 4C).

And patients with lower tumor grade showed higher METTL3

expression in BLCA (P¼ 0.007 < 0.05; Figure 4C). The results

demonstrated that METTL3 expression was correlated with

gender in CRC and tumor grade in BLCA.

Correlation Between METTL3 and Clinicopathological
Characteristics

As shown in Table 3, 6 types of clinicopathological character-

istics were recorded in 6 studies, and 1075 patients were

included. Higher METTL3 expression correlated with poor

differentiation (moderate þ poor vs. well, pooled odds ratio

(OR) ¼ 1.76, 95% CI 1.32–2.35, P ¼ 0.0001, fixed effect).

The pooled ORs further revealed that METTL3 upregulation

was associated with advanced tumor node metastasis (TNM)

Table 1. Summary of the 11 Included Articles.

Study Country
Tumor
type Sample sizes

METTL3 expression
High. Low Survival information HR Laboratory method

Yue(2019) China GC 120 H:40 L:80 OS 2.794 qRT-PCR
Wang(2019) China GC 166 H:83 L:83 OS 4.495 qRT-PCR
Li(2019) China CRC 432 H: 221 L:211 OS 3.259 qRT-PCR
Han(2019) China BCa 180 H:83 L:97 OS NA qRT-PCR
Jin2019 China NSCLC 50 H:36 L:14 OS 1.3 qRT-PCR
Wang(2020) China Breast 60 H:30 L:30 OS 1.6 qRT-PCR
Deng(2019) China CRC 181 H:47 L:134 OS 1.908 qRT-PCR
Hua(2018) China Ovarian 162 H:73 L:89 OS 1.755 qRT-PCR
Liu(2019) China CRC 86 H:43 L:43 OS 2.055 qRT-PCR

Abbreviations: GC, gastric cancer; CRC, colorectal carcinoma; BCa, bladder cancer; H, high expreesion of METTL3; L, low expression of METTL3; NA, not
associated. qRT-PCR, reverse-transcriptase polymerase chain reaction.
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stage (III þ IV vs. I þ II, OR ¼ 1.89, 95% CI 0.78-4.60,

P ¼ 0.016, random effect), and metastasis (yes vs. no,

OR ¼ 4.19, 95% CI 0.88–20.3, P ¼ 0.007, random effect).

Unfortunately, the confidence intervals of the 2 groups were

greater than 1. Nevertheless, no significant differences were

observed among the 2 groups for tumor size (OR ¼ 1.03,

95% CI 0.50–2.15, P ¼ 0.929, random effect), and age

(OR ¼ 0.70, 95% CI 0.47–1.06, P ¼ 0.093, random effect).

Pooled data also revealed that METTL3 regulation was asso-

ciated with gender (OR ¼ 0.73, 95% CI 0.55–0.97, P ¼ 0.029,

fixed effect). Therefore, our results demonstrated that higher

METTL3 expression could result in substantially worse clini-

copathological characteristics. (Figure 5A-F). Publication bias

was examined using Begg’s funnel plot (Figure S1 A–F), and

was determined for age (P ¼ 0.487), gender (P ¼ 0.716),

differentiation (P¼ 0.899), metastasis (P¼ 0.101), TNM stage

(P ¼ 0.066), and tumor size (P ¼ 0.806). The positive results

indicated that differentiation and gender were directly related

to the expression of METTL3. Though the OR values of TNM

stage and metastasis were positive, the confidence intervals of

Figure 1. Flow diagram of the study search and selection process in the meta-analysis.
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2 groups are over 1. This phenomenon suggested that the role

of METTL3 in tumors is multi-directional and complicated.

Studying the clinical features of METTL3 will enable us better

understanding the biological function of METTL3 in various

cancers.

Discussion

In the majority of tumor studies, METTL3 expression has been

discovered to be elevated and to function as an oncogene

accompanied by m6A upregulation in tumor cell lines or tis-

sues. The diverse pathways in tumors, which are influenced by

METTL3, mostly focused on cell death resistance, cell prolif-

eration, metastasis and invasion.36 METTL3 and m6A were

upregulated in human lung cancer,8 leukemia,37 gastric

cancer,17,29 osteosarcoma,38 melanoma,39 hepatocellular carci-

noma,40 and ovarian carcinoma.35 METTL3 expression level

was positively correlated with cancer stage and grade, demon-

strating that METTL3 acts as an oncogene in these cancers.

However, some studies have yielded opposite results, even

within the same cancer type, including glioblastoma, bladder

cancer, colorectal cancer and breast cancer. The reasons for

controversy regarding the function of METTL3 in various

tumors may be explained by the diversity of METTL3

mechanisms:

First, METTL3 can deposit m6A modification on critical

transcripts. Then, the m6A modification directly influence the

transcription and translation of tumor suppressors and onco-

genes involving most of the essential pathways such as the

Wnt/b-catenin,29 P38/ERK,34 and PI3K/AKT8,18,37 pathways.

Recent studies pointed that METTL3 was upregulated in color-

ectal cancer tissues and that this feature correlated with poor

prognosis. METTL3 overexpression promoted cancer growth

by stabilizing cyclin E1 (CCNE1) 41 and SOX219 mRNA in an

m6A-dependent manner. However, Deng et al. showed that

METTL3 functioned as a tumor suppressor by inhibiting the

proliferation of colorectal cancer cell through p38/ERK path-

ways.34 In the nervous system, GBM exhibited increased levels

of METTL3 transcripts, and tumor growth was inhibited by

silencing METTL3-SOX2 axis coupled with prolonged sur-

vival of mice in vivo.42 On the contrary, in another study on

the role of m6A in glioblastoma, upregulation of METTL3

suppressed stem cell self-renewal growth and was accompa-

nied by inhibited mRNA m6A enrichment and altered mRNA

expression of FTO and ADAM19.43 In BRCA, METTL3

expression was higher in tumor cells and tissues. METTL3

knockdown reduced tumor proliferation and accelerated migra-

tion together with apoptosis by targeting BCL2, indicating the

oncogenic function of METTL3 in BRCA.44,45Another study

showed that METTL3 was reduced in BRCA, and MTase over-

expression induced m6A upregulation and suppressed colony

formation and cancer cell viability.25 Overall, METTL3 regu-

lates the maturation, stability and degradation of mRNA in

various pathways and these pathways may play converse roles

in the cancers above.

Second, in addition to regulating mRNA, METTL3 also

influences non-coding RNA and miRNA metabolism. For

example, METTL3 downregulation significantly inhibited

bladder cancer cell proliferation, invasion, and survival, both

in vivo and in vitro.46 On the contrary, Han, et al. proved that

METTL3 promoted the proliferation of bladder cancer by

accelerating the maturation of pri-miR221/222, resulting in the

reduction of PTEN. Moreover, they found that METTL3 was

significantly increased in bladder cancer and correlated with

poor prognosis of bladder cancer patients.15

Third, METTL3 can activate oncogene translation indepen-

dently of “readers” and the activity of relevant MTase.47 By

recruiting eIF3 h, METTL3 is linked to reporter mRNAs at

sites near the stop codon, promoting growth and invasion of

lung tumor cells.48 A recent work by Hua et al. also showed a

similar mechanism, in which translation of the receptor

Figure 2. Forest plot of studies evaluating (A) the relationship
between METTL3 expression and overall survival (OS) rate, (B) sen-
sitivity analysis for OS, and (C) Begg’s publication bias plots of OS.
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tyrosine kinase AXL is promoted by METTL3, independent of

its methyltransferase activity.35 Notably, METTL3 simply

binds toward approximately 22% of the m6A sites,49 indicating

a mechanism of selectivity of METTL3 to the targets for trans-

lational regulation.

Collectively, the studies mentioned above have differences

in research methods, model systems, intratumoral heterogene-

ity and tumor tissue origin, which may explain the opposite

roles of METTL3 in cancers. Therefore, more detailed and

comprehensive studies are warranted to achieve a better view.

In the present meta-analysis, 9 studies with 1437 patients

were included to analyze the association between METTL3

expression, clinical outcomes, and clinicopathologic character-

istics. Two main conclusions were drawn from the meta-

analysis of the available evidence: (1) METTL3 carriers could

predict worse OS compared with patients with lower METTL3

expression in various cancers and (2) METTL3 expression was

higher in females than in males, and high METTL3 expression

was associated with poorer differentiation.

Further, through subgroup analysis, we found that the asso-

ciation between METTL3 and OS was different between the

larger and the smaller sample size groups. The HR for the

group with sample size over 100 was 2.82 compared with

1.38. Both heterogeneities were significantly lower than that

of the combined group. The significance level was closely

related to sample size. A larger sample size reduced the sam-

pling error and increased the value of the test statistic, which

demonstrated the reliability of the study. We then divided the

patients into 2 groups according to the geographical locations

of the study centers. The HR of the group from Pearl River

Delta was 2.26 with low heterogeneity compared with the

group from the Yangtze River Delta. Notably, as the 2 places

are more than 1,000 km apart, it was speculated that METTL3

was differentially expressed in the 2 local populations. Future

prospective studies, which aim to define the role of METTL3 in

cancer outcomes, should include patients from multiple cen-

ters, and offer the METTL3 genetic test to entire study popula-

tions. Notably, the OR value of METTL3 with gender was

0.73, with a low heterogeneity, which indicated that METTL3

expression was higher in females compared to that in males. In

Figure 3. Subgroup analyses of studies evaluating (A)regions,
(B)cancer types, and (C) sample sizes of OS.

Table 2. Results of Subgroup Analyses for OS.

Group studies patients HR P value Heterogeneity. I2(%) ph

OS 8 1257 2.09 0.0001 81.3 0.0001
Type of cancer 3 699 2.04 0.007 71.6 0.029
CRC 5 558 2.15 0.001 86.6 0.0001
Others 3 196 1.38 0.0001 0.0 0.499
Sample size 5 1061 2.82 0.0001 51.6 0.083
<100 3 346 2.84 0.002 86.0 0.001
�100 3 775 2.26 0.0001 32.4 0.0357
Region
Yantse River Delta
Pearl river delta

Abbreviation: CRC, colorectal carcinoma; GBM (Glioblastoma multiforme), BLCA (Bladder Urothelial Carcinoma), CRC (colorectal carcinoma) and BRCA
(Breast invasive carcinoma).
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addition, clinical data from TCGA showed that METTL3

expression was lower in male patients than in female patients

in CRC. Similarly, Li et al. found that METTL3 differentially

expressed in gender by using optimized consensus matrix of

lung cancer tissue.50 It was also reported that METTL3 was

highly expressed in female with clear cell renal cell

carcinoma51 and lung cancer.52 The reasons for this discre-

pancy remain unknown. The OR value of METTL3 with dif-

ferentiation was 1.76, with a low heterogeneity. Consistently, a

recent report examining the function of METTL3 in tumor

differentiation was carried out using glioma samples. METTL3

expression was found to be elevated in glioma stem-like cells

Figure 4. Bioinformatics analysis using data from TCGA. (A)The expression levels of METTL3 in 4 kinds of cancer tissues and normal tissues in
GBM, BRCA, BLCA and CRC. (B)Survival curves of METTL3 are plotted for 4 cancer types from TCGA dataset. The survival curve of patients
with GBM, BRCA, BLCA and CRC. (C)The expression of METTL3 in different gender, tumor metastasis, tumor stage in BRCA, BLCA and CRC,
respectively.
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Table 3. The Association Between METTL3 Expression and Clinical Features.

Clinicopathological parameters studies patients OR P value Heterogeneity. I2(%) ph model

Age 5 1075 0.70 0.093 60.9 0.037 Random
Gender 4 913 0.73 0.029 9.8 0.344 Fixed
Differentiation 5 1075 1.76 0.0001 0.0 0.564 Fixed
TNM stage 5 1075 1.89 0.016 87.7 0.0001 Random
Metastasis 3 733 4.19 0.007 79.8 0.0072 Random
Tumor size 3 793 1.03 0.929 74.1 0.021 Random

Figure 5. Forest plot of studies evaluating the relationship between METTL3 expression and (A) age, (B) gender, (C)differetiation, (D) TNM
stage, (E) metastasis, and (F) tumor size.
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and attenuated during differentiation.52 In addition, the OR

values of METTL3 with tumor size, TNM stage, and metastasis

were relatively high, but with high heterogeneities. This nega-

tive result revealed that more clinical samples are needed to

explore the function of METTL3. In the analysis of clinical

data from TCGA, patients with lower tumor grade showed

higher METTL3 expression in BLCA. The potential of predict-

ing the pathological grading of tumors was beneficial to devel-

oping METTL3 as a diagnostic biomarker in BLCA.

The HR values of groups with controversial tumors, includ-

ing BLCA, CRC, and BRCA, were significantly high, indicat-

ing that METTL3 acted as an oncogene in these cancers. To

validate the results, TCGA database and bioinformatic analyses

were used. Our results showed that, in GBM, BLCA and CRC,

the METTL3 expression was higher in tumor samples com-

pared to that in in normal samples, indicating that METTL3

can function as a diagnostic biomarker for GBM, BLCA and

CRC. Unfortunately, in BRCA, no significant differential

expressions were found between the tumor and normal sam-

ples. In the Kaplan-Meier curves with log-rank analysis,

patients with high METTL3 expression in GBM had shorter

OS. Conversely, METTL3 expression was positively correlated

with longer OS in BRCA. The results indicated that METTL3

could act as a prognostic biomarker with the potential for new

therapies in GBM. As the result in BRCA was contrary to the

included literature, the function of METTL3 in BRCA cannot

be conclusively determined.

Based on the emerging data on the roles and the molecular

mechanisms in cancer, m6A regulators have attracted growing

investigation as therapeutic targets. Taketo et al. found that

METTL3 may promote drug resistance in pancreatic cancer,

indicating that METTL3 is a potential target for the enhance-

ment of therapeutic efficacy.53Currently, no specific inhibitors

of METTL3 have been found except one compound. Bedi et al.

reported the first study to identify the existence of 7 compounds

by using high-throughput docking into METTL3 among 4000

analogs and derivatives. Only one compound has the most

favorable inhibitory potency.54 However, there were several

problems remaining to be addressed. Thus, other potential can-

didates need to be further explored. The oncogenic role of

METTL3 depends on the heterodimer structure formed with

METTL14 in most cancers and inhibitors to interfere the inter-

action between proteins will be a feasible option.55 In addition,

seeking inhibitors which target METTL3 molecules upstream

or downstream may be a reasonable strategy for tumor treat-

ment. Collectively, the clinical application of targeting

METTL3 is still in its infancy. With the deepening knowledge

of the mechanisms, regulation and functions in various cancer,

it is promising to explore METTL3 targeted therapy.

There were some limitations to our meta-analysis. First, all

the potential studies were queried in PubMed, Web of Science,

and MedRxiv. Unfortunately, all eligible studies were localized

to China. Hence, our results do not appropriately represent

global populations. Second, the cancer diversity might have

led to an obvious bias due to different baseline characteristics.

Since significant heterogeneities were discovered in the pooled

outcomes, subgroup, and sensitivity analysis further proved the

robustness of our results.

Conclusion

In conclusion, this is the first comprehensive study that discusses

the prognostic value of METTL3 in various tumor types. The

results revealed that METTL3 could be used prognostic marker

for most carcinomas and emphasized its potential as a drug target,

by downregulating METTL3 expression. METTL3 acts as an

oncogene in BLCA, CRC and GBM according to our results.

However, the functions of METTL3 in BRCA are currently con-

troversial, and larger sample sizes and multiple centers are needed

for future studies. In addition, owing to the limitations mentioned

above, further studies should focus on the utility of METTL3 in

cancer prognosis, diagnosis, and therapeutics.
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