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Abstract: N6-Methyladenosine (m6A) is the most common RNA modification in eukaryotic mRNAs and growing
evidence suggests the crucial roles of m6A and its regulators in human tumorigenesis. Recent studies have shown
that the m6A regulators promote tumorigenesis of various types of cancer. However, the underlying molecular
mechanisms of m6A regulators in breast cancer remain largely unknown. We therefore assessed the genetic al-
terations, expression and prognostic role of m6A regulators in breast cancer using openly available data from The
Cancer Genome Atlas (TCGA). Analysis of TCGA data revealed that m6A regulators including KIAA1429, YTHDF1,
and YTHDF3 were upregulated in breast cancer tissues, and the expression level significantly correlated with in-
trinsic subclasses and nodal metastasis. Importantly, we found for the first time that YTHDF1 and YTHDF3 were
frequently amplified which contribute to the overexpression of YTHDF1 and YTHDF3 transcripts, thereby promoting
breast cancer progression. Moreover, overexpression of YTHDF1 and YTHDF3 were associated with poor prognosis
of breast cancer patients. Therefore, YTHDF1 and YTHDF3 serve a crucial role in the pathogenesis of breast cancer,

which are potentially useful for prognosis stratification and therapeutic target for breast cancer.

Keywords: Breast cancer, m6A readers aberrations, prognostic signature, survival analysis

Introduction

Breast cancer is the second most common
form of cancer afflicting women world-wide.
According to the prediction by the American
Cancer Society (ACS), breast cancer was
responsible for about 41,760 cancer-related
deaths in the United States in 2019 [1]. Despite
remarkable advancements in the therapeutic
modalities during recent years, the prognosis
of breast cancer still remains poor. Therefore,
further studies are required to determine the
potential mechanism of oncogenesis and pro-
gression of breast cancer.

N6-methyladenosine (m6A) modification is one
of the most common modification in eukaryotic
mRNA that influences mRNA splicing, export,
localization, translation, decay, and stability
[2-5]. mBA RNA modification is reversible and
catalyzed by a recently discovered multicompo-
nent protein complex, including methyltransfer-

ases (METTL3, METTL14, and KIAA1429), de-
methylases (FTO and ALKBH5), and m6A bind-
ing proteins (YTHDF1-3, YTHDC1 and YTHDC2)
[2-5]. A growing body of evidence suggested
that m6A modification is involved in diverse bio-
logical processes including tissue develop-
ment, embryonic stem cell self-renewal, and
fate determination [2, 6]. Recent studies have
shown that dysregulation of m6A modification
is associated with cancer progression [2, 6].

YTH N6-methyladenosine RNA binding protein
1 (YTHDF1) is a member of the YTH domain-
containing proteins including YTHDF1-3, YTH-
DC1 and YTHDC2. Many studies recently, dem-
onstrated that YTHDF1 function as “reader” of
m6A-modified mMRNAs and promotes transla-
tion in the cytosol [2, 5]. However, the relation-
ship between YTHDF1 and different cancers
are largely unknown, the more recent studies
reported that YTHDF1 is closely related with ini-
tiation and progression of ovarian [2], HCC [7],
and colon [8] cancers.
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Therefore, in the present study, we first com-
pared the transcriptional levels of m6A regula-
tors in breast cancer and adjacent breast tis-
sues using UALCAN database. In addition, the
cBioPortal database was used to analyze the
genetic alterations of YTHDF1 and YTHDF3,
and the correlation with transcriptional levels.
Furthermore, the Kaplan-Meier plotter data-
base was used to assess the prognostic effects
of YTHDF1 and YTHDF3 mRNAs expression in
patients with breast cancer. Overall, our results
demonstrated that m6A regulators are the cru-
cial participants in the malignant progression
of breast cancer, which are potentially useful
for prognosis stratification and therapeutic tar-
get for breast cancer.

Materials and methods
Gene expression and survival analysis

In the current study, UALCAN (http://ualcan.
path.uab.edu/) [9] was applied to analyze the
transcriptional levels of YTHDF1 in primary
breast cancer tissues and their association
with intrinsic subclasses as well as to analyze
the patient survival. In addition, we used the
CCLE dataset (https://www.broadinstitute.org/
ccle) [10] to analyze the YTHDF1 transcript
level in cancer cell lines. The prognostic value
of YTHDF1 in breast cancer patients were ana-
lyzed using Kaplan-Meier plotter (http://kmplot.
com/analysis/).

Analysis of YTHDF1 alterations in breast can-
cer samples

The cBioPortal (www.cbioportal.org/) TCGA da-
taset is a user-friendly, interactive website re-
source and provides visualization, analysis, and
download of large-scale cancer genomics data-
sets [11, 12]. In the present study, the c-Bio-
Portal was utilized to analyze YTHDF1 altera-
tions in breast cancer samples.

Correlation analysis

Pearson correlation analysis was employed
using the GEPIA dataset to reveal the associa-
tion among different m6A RNA methylation
regulators and their target genes.

In silico functional analysis

To evaluate the potential functional impact of
missense mutations in YTHDF1 gene, we uti-
lised a variety of pathogenicity prediction pro-
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grams, including SIFT (http://sift.jcvi.org/), and
PolyPhen-2 (http://genetics.bwh.harvard.edu/
pph2//).

Results

YTHDF1 is up-regulated in the breast cancer
tissue and cells

UALCAN database analysis revealed that
YTHDF1 mRNA expression of breast cancer sig-
nificantly increased compared to the normal
tissues (P=1.62e-12) (Figure 1A). In additions,
YTHDF1 mRNA level also was increased in
breast cancer cells (Figure 1B). The mRNA of
YTHDF1 expression was significantly correlated
with intrinsic subclasses of breast cancer
(Figure 1C). The high expression of YTHDF1
was also crucial for breast cancer metastasis
(Figure 1D).

Genetic alterations of YTHDF1 is associated
with poor prognosis in breast cancer patients

We analysed the genetic alterations and
expression levels of YTHDF1 by using the cBio-
Portal TCGA dataset. Importantly, this gene dis-
played different mutations and expression pat-
terns, among which YTHDF1 gene was most
frequently amplified (Figure 2A). Interestingly,
we also observed that many YTHDF1 mutations
were novel (Figure 2B) may have strong func-
tional consequences as predicted by in silico
functional analysis (Table 1). Further, the copy
number status of YTHDF1 positively correlated
with its mRNA expression in breast cancer
patients (Figure 2C). Moreover, breast cancer
patients with YTHDF1 alterations have wor-
se overall survival than breast cancer patients
without YTHDF1 alterations (P=3.923e-3), (Fi-
gure 2D). In addition, we found that the overex-
pression of YTHDF1 correlated with the poor
prognosis of breast cancer patients (P=0.013)
(Figure 2E).

Genetic alterations of YTHDF3 is associated
with poor prognosis in breast cancer patients

We also analysed the genetic alterations and
expression levels of YTHDF3 by using the cBio-
Portal TCGA dataset. Surprisingly, YTHDF3
gene was most frequently amplified (14%)
(Figure 3A). Further amplification of YTHDF3
positively correlated with its mMRNA expression
in breast cancer patients (Figure 3B). Moreover,
breast cancer patients with YTHDF3 alterations
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Figure 1. YTHDF1 was overexpressed in breast cancer. Expression of YTHDF1 significantly increased in breast
cancer tissues compared with adjacent normal tissues (P=1.62e-12) (A) and breast cancer cells (B). The increased
expression of YTHDF1 correlated with intrinsic subclasses (C) and nodal metastasis (D).

have worse overall survival than breast cancer
patients without YTHDF3 alterations (P=
0.0165) (Figure 3C). In addition, we found that
the overexpression of YTHDF3 correlated with
the poor prognosis of breast cancer patients
(P=1.5e-11) (Figure 3D).

The m6A regulators target genes expression in
breast cancer

UALCAN database and the Human Protein Atl-
as (https://www.proteinatlas.org/) analysis re-
vealed that m6A regulators target mRNAs
(CDK1, P<le-12; MKI67, P=1.624e-12; VEGFA,
P=1.624e-12) (Figure 4A-C) and their proteins
(Figure 4D-F) were highly expressed in breast
cancer tissues.

Correlation of m6A regulators in breast cancer

We analyzed the association among m6A regu-
lators and their target genes using the GEPIA
dataset. We found that the YTHDF1 positively
corrected with YTHDF3 (R=0.34, P<0.05)
(Figure BA). Surprisingly, highly expressed
KIAA1429 was positively corrected with CDK1
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(R=0.067, P<0.05) (Figure 5B), and VEGFA
(R=0.081, P<0.05) (Figure 5C).

Discussion

Emerging evidence support that dysregulation
of mBA methylation is tightly associated with
different cancers development. Recently, the
results of multiple studies have shown that
mM6A regulators such as methyltransferases
(METTL3, METTL14 and KIAA1429) and de-
methylases (FTO and ALKBH5) play important
roles in various cancers including lung cancer,
breast cancer, acute myeloid leukemia, endo-
metrial cancer, and glioma [13-17]. For exam-
ple, overexpression of METTL3 and ALKBH5
were associated with poor survival time of
breast cancer and glioma [18, 19].

Previous studies have reported that YTHDF1
was up-regulated in ovarian cancer [2], hepato-
cellular carcinoma [7], colorectal cancer [8],
and lung cancer [13]. The up-regulated YTHDF1
correlated with the poor prognosis of ovarian
cancer patients [2] and hepatocellular carcino-
ma [7]. In the present study, we found that
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Figure 2. Correlation between the genetic alterations of YTHDF1 and mRNA level in breast cancer tissues. Oncoprint in cBioPortal database exhibited the proportion
and distribution of specimens with genetic alterations in YTHDF1 (A). Schematic diagram of the YTHDF1 protein and the positions of mutations (red letters are novel
mutations, that were not presented in gnomAD) (B). Copy gain (gain and amplification) of YTHDF1 was associated with notably increased YTHDF1 mRNA levels com-
pared with the copy-neutral (diploid) and copy-loss (shallow deletion) cases (C). Survival analysis of breast cancer patients with and without YTHDF1 gene alteration
(D). The prognostic value of mRNA level of YTHDF1 in breast cancer patients, analyzed by Kaplan-Meier plotter (P=0.013) (E).
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Table 1. Summary of YTHDF1 mutations

Mutation SIFT Polyphen-2 gnomAD

Q25H Deleterious Probably Damaging No
S50* NA NA No

F129L Deleterious Probably Damaging 1.732E-05

Q138E  Deleterious Probably Damaging No
S144N Tolerated Probably Damaging No
P246H  Deleterious Probably Damaging No
P292L  Deleterious Benign No
1402M  Deleterious Probably Damaging No

E451K Tolerated Probably Damaging 7.074E-06

Abbreviations are follows: gnomAD, The Genome Aggregation

database; NA, Not Applicable. *Truncating mutation.

YTHDF1 mRNA was up-regulated in breast can-
cer compared to the normal tissues and up-
regulated YTHDF1 correlated with the poor
prognosis of breast cancer patients. Liu et al.
recently reported that YTHDF1 was crucial for
proliferation and metastasis of ovarian cancer
using in vitro and in vivo studies [2]. Our results
also showed that overexpression of YTHDF1
significantly correlated with intrinsic subclass-
es and nodal metastasis of human breast can-
cer. Therefore, our findings suggest that high
expressions of YTHDF1 mRNA remarkably cor-
related with the poor prognosis of breast can-
cer patients, which might be identified as prom-
ising biomarkers to predict the survival of
breast cancer patients.

Gene copy number alterations are an important
cause that drives aberrant up-regulation of
oncogenes in cancer [20, 21]. A recent study
has shown that YTHDF1 copy number gain was
a major mechanism that contributes to high
expression of YTHDF1 in human colorectal car-
cinoma [6]. In addition, Liu et al. more recently
reported that YTHDF1 gene was frequently
amplified and increased in high-grade serous
ovarian cancer [2], suggesting that YTHDF1
might be an important oncogene, which is
selected during cancer evolution. Our finding is
consistent with these reports that YTHDF1
gene is frequently amplified and contributes to
high expression of YTHDF1 in human breast
cancer. Surprisingly, YTHDF3 is also frequently
amplified (14%) and contributes to high ex-
pression of YTHDF3 in human breast cancer.
Importantly, we also found that breast cancer
patients with YTHDF1 and YTHDF3 alterations
have worse overall survival than breast cancer
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patients without YTHDF1 and YTHDFS3 altera-
tions. Recent studies have demonstrated that
YTHDF1 and YTHDF3 enhance the translation
efficiency of m6A-modified mRNAs [22, 23].
Our findings demonstrated that YTHDF1 and
YTHDF3 mRNAs were up-regulated in breast
cancer, further YTHDF1 was positively corre-
lated with YTHDF3. Therefore, YTHDF1 and
YTHDF3 amplifications, and their transcripts
upregulation may promote the translation of
oncogene targets in m6A-dependent manner
that results in breast cancer development.

Multiple lines of evidence suggested that
METTL3 and KIAA1429 were increased m6A
level of cancer associated genes including
CDK1, MKI67 and VEGFA [24-26]. Qian et al.
recently reported that KIAA1429 played onco-
genic role in breast cancer by regulating cyclin-
dependent kinase 1 (CDK1) in m6A-indepen-
dent manner [24]. Moreover, KIAA1429 also
played a critical role in liver cancer develop-
ment by regulating GATA3 in m6A-dependent
manner [27]. In the present study, we found
that KIAA1429, CDK1, MKI67, and VEGFA we-
re highly expressed in breast cancer, furth-
er KIAA1429 was positively corrected with
CDK1, and VEGFA. Therefore, we speculated
that KIAA1429 plays an oncogenic role in br-
east cancer by regulating CDK1, MKI67, and
VEGFA in m6A-dependent or independent man-
ner.

The studies showed that YTHDF1 and YTHDF3
promotes protein synthesis by interacting with
the translation machinery. Moreover, YTHDF1
regulated oncogenes translation by recruiting
the initiation factor EIF3 [28] and elongation
factor eEF-2 [29] via an mBA-dependent man-
ner. Liu et al. recently reported that YTHDF1
facilitates the translation of EIF3C in an m6A-
dependent manner and concomitantly enhanc-
ed the overall translational output, thereby pro-
moting tumorigenesis and metastasis of ova-
rian cancer [2]. In addition, EIF3C was associ-
ated with malignant behavior of human bre-
ast cancer [30], we also observed that mRNA
(UALCAN; P=9.765e-08) and protein (The Hu-
man Protein Atlas; https://www.proteinatlas.
org/) of EIF3C was up-regulated in breast can-
cer. Therefore, our findings suggest that up-
regulated YTHDF1 might enhance the transla-
tion of EIF3C in an m6A-dependent manner and
promotes translation of oncogenic transcripts,
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Figure 3. Correlation between the genetic alterations of YTHDF3 and mRNA level in breast cancer tissues. Oncoprint
in cBioPortal database exhibited YTHDF3 amplification in breast cancer (A). Correlation between YTHDF3 amplifica-
tion and its MRNA level (B). Survival analysis of breast cancer patients with and without YTHDF3 gene alteration
(C). The prognostic value of mRNA level of YTHDF3 in breast cancer patients, analyzed by Kaplan-Meier plotter
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thus facilitating oncogenesis and metastasis of
breast cancer.

Most human cancers, including breast cancer
contain many different types of mutations and
majority of these are missense mutations whi-
ch can dramatically increase the risk of devel-
oping certain cancers. BRCA1 and BRCA2 ge-
nes are the most frequently mutated genes
that are associated with high breast cancer risk
[31]. A recent study found that point mutations
spread over the coding sequence of the BRCA1
and BRCA2 were attributed to an increased risk
of breast cancer [31]. Interestingly, we found
several novel point mutations in YTHDF1 gene.
The following lines of evidence support the
pathogenic effects of these YTHDF1 gene mu-
tation including novel mutations: 1) conserva-
tion data suggests these mutations were hi-
ghly conserved amino acid residues of YTHDF1
protein; 2) all novel mutations were absent in
gnomAD; 3) in silico functional analyses predict
the mutations to be pathogenic with high prob-
ability scores. Therefore, our findings suggest
that point mutations in YTHDF1 gene can vastly
increase the risk of developing breast cancer.

In conclusion, the recent studies reported that
YTHDF1 copy number gain was most common
genetic alterations and correlated with high
expression of YTHDF1 which promoted devel-
opment of cancers by regulating cancer-related
gene expression. Importantly, we reported for
the first time that YTHDF1 and YTHDF3 copy
number gains were strikingly higher than other
cancer which contributes to the overexpressi-
on of YTHDF1 and YTHDF3, thereby promoting
breast cancer progression. Therefore, YTHDF1
and YTHDF3 could be a promising prognostic
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biomarker and potential therapeutic target for
breast cancer.
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