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The abnormal m6A modification caused by m6A modulators is a common feature of

various tumors; however, little is known about which m6A modulator plays the most

important role in triple-negative breast cancer (TNBC). In this study, when analyzing

the influence of m6A modulators (METTL3, METTL14, WTAP, FTO, and ALKBH5) on

the prognosis of breast cancer, especially in TNBC using several on-line databases,

methyltransferase-like 3 (METTL3) was found to have low expression in breast cancer,

and was closely associated with short-distance-metastasis-free survival in TNBC. Further

investigation showed that knockdown ofMETTL3 could enhance the ability of migration,

invasion, and adhesion by decreasing m6A level in TNBC cell lines. Collagen type III

alpha 1 chain (COL3A1) was identified and verified as a target gene ofMETTL3.METTL3

could down-regulate the expression of COL3A1 by increasing its m6A methylation,

ultimately inhibiting the metastasis of TNBC cells. Finally, with immunohistochemistry

staining in breast cancer tissues, it was proved that METTL3 expression was negatively

correlated with COL3A1 in TNBC, but not in non-TNBC. This study demonstrated the

potential mechanism of m6A modification in metastasis and provided potential targets

for treatment in TNBC.
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INTRODUCTION

Breast cancer, the most common cancer in women, poses a serious threat to the health of
women (1). Despite the improvement of treatment strategies, the prognosis of breast cancer,
especially triple-negative breast cancer (TNBC), remains poor due to metastasis. In recent years,
epigenetic regulation, such as DNA methylation, histone acetylation, and non-coding RNAs,
has been reported to play a critical role in the development of breast cancer including TNBC.
Especially, as a new emerging epigenetic modification, RNA methylation has attracted much
attention due to its non-negligible function in cancer development; however, current studies of
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FIGURE 6 | COL3A1 promoted the metastatic ability of TNBC cells. (A) Western blot was used to detect COL3A1 expression in MDA-MB-231 and MDA-MB-468

cells transfected with the si-NC or the si-COL3A1. α-tubulin was used as a loading control. (B) Kaplan–Meier analysis for the DMFS of COL3A1 in TNBC patients

using KM-plotter online database. (C,D) The migration and invasion of MDA-MB-231 and MDA-MB-468 with transient COL3A1-KD was detected by transwell assays

(left panels). Relative fold change was shown as the proportion of the number of control cells transfected with si-NC (right panels). Original magnification, 100×.

(E) The adhesion ability of MDA-MB-231 and MDA-MB-468 after transient COL3A1-KD was evaluated by adhesion assay (left panels). Relative fold change was

shown as the proportion of the number of control cells transfected with si-NC (right panels). Original magnification, 100×. *P < 0.05, **P < 0.01. Error bars represent

the mean ± SD of three independent experiments.
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FIGURE 7 | The correlation between METTL3 and COL3A1 in breast cancer patients. (A,B) Kaplan–Meier analysis for the OS of METTL3 and COL3A1 in TNBC

patients of the TMA sections. (C) The expression of METTL3 and COL3A1 detected by IHC in the representative samples of breast cancer. h8, low expression of

METTL3 and high expression of COL3A1. b4, middle expression of METTL3 and COL3A1. h6, high expression of METTL3 and low expression of COL3A1. Original

magnification, 200×. (D) Heatmap of the expression level of METTL3 and COL3A1 protein in breast cancer patients. (E,F) Correlation of METTL3 and COL3A1 in

human TNBC patients (n = 31) and non-TNBC patients (n = 109), respectively, in TMA sections.
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Meanwhile, the conclusion of previous studies was based on
the result of cellular level investigation and lack of clinical
specimen validation. Therefore, although the trend in m6A
modification levels was consistent, different regulators might
eventually cause opposite effects by regulating different target
genes; an m6A modulator might also execute different functions
in each sub-type due to the heterogeneity of cancer. The
function of METTL3 and other m6A modulators in other
sub-types of breast cancer warrants further investigation in
the future.

Widely distributed in eukaryotes, RNA methylation
modification occurs in thousands of genes (18). METTL3 is
known to achieve its biological effects by increasing the m6A
modification level of target genes, which leads to various effects
on target genes, such as faster degradation of target gene mRNA,
increase in target gene translation efficiency, or accurate cell
localization of target genes (2–5). Among them, the mechanism
of accelerating the rate of degradation of target gene mRNA is
most widely investigated. Therefore, METTL3 might have many
target genes in TNBC, and the inhibitory effect of METTL3 on
TNBC metastasis might also be achieved by affecting multiple
target genes together. In this study, by expression correlation
analysis and methylation search, COL3A1 was identified as the
target gene candidate ofMETTL3. Collagen type III alpha 1 chain
(COL3A1), which encodes the pro-alpha 1 chains of type III
collagen, previously was reported to be associated with malignant
potential of breast cancer (19). To date, no specific mechanism
has been reported for COL3A1 regulation. In this study, we
proved that knocking down METTL3, while reducing the
methylation of m6A, also eventually up-regulated the expression
level of COL3A1. Validation of clinical specimens indicated that
this relationship appears to be only in TNBC patients. Thus,
this study demonstrated that METTL3 and COL3A1 might only
play a significant role in the TNBC subtype. Certainly, there
must be multiple target genes of METTL3 that play the same
role. COL3A1 may also have modification sites different from
those provided by online databases. Further MeRIP-sequence
is needed to clarify the mechanisms of METTL3 in metastasis
inhibition of TNBC in the future and the specific modified sites
of COL3A1. Considering that the mRNA level of COL3A1 has
changed, we speculate that the change of m6A level may affect the
degradation rate of COL3A1 mRNA in TNBC cells. In this case,
the position of m6A seems to be more likely to be distributed in
the 3′UTR region of mRNA (2). But this speculation still needs
further experimental proof.

Collagen, the most abundant component of extracellular
matrix (ECM) in the tumor micro-environment, is known to
be able to contribute to tumor progression (20). Collagen could
promote the metastasis and proliferation of cancer by increasing
the accumulation of integrin, which leads to phosphorylation
of focal adhesion kinase and activation of extracellular signal-
regulated kinase (21). COL3A1, which encodes pro-alpha1 chains
of type III collagen, could form homotrimeric fibrils to play
its role. Except for normal localization in connective tissues,
COL3A1 was also found to be highly expressed in various
cancers including bladder cancer, glioblastoma, and gastric
cancer (22–24). In breast cancer, it was reported that stromal

COL3A1 expression was significantly increased from benign
breast tumors to malignant breast tumors (18). Another study
has shown that when Pirfenidone, an anti-fibrotic drug, was
applied to breast cancer to investigate its possible role on
tumor microenvironment normalization, the level of COL3A1
was down-regulated, thereby inhibiting the TGFβ signaling
pathway. That causes the reduction of extracellular matrix
components, which significantly increases vascular function and
perfusion, and increases the anti-tumor efficacy of doxorubicin
(25). Therefore, these studies showed that COL3A1 played an
important role in the development of breast cancer. In addition,
it was reported that COL3A1 up-regulation cause extracellular
matrix changes and reduced tumor perfusion, while the hypoxic
micro-environment caused by hypoperfusion was considered
to be the main reason for forcing cancer cells to metastasize
(26). Therefore, the reduction of tumor perfusion caused by
up-regulation of COL3A1 was likely to be one of the reasons
for the increased ability of TNBC cells to metastasis. In this
study, we demonstrated that COL3A1, which was up-regulated
by the reduced expression ofMETTL3, could contribute to TNBC
metastasis. The molecular mechanism of COL3A1 in promoting
TNBC metastasis warrants further investigation.

In summary, this study not only revealed that, among
m6A modulators, only METTL3 played an important role in
TNBC metastasis, but also demonstrated that the low expression
of METTL3-reduced m6A modification could promote TNBC
metastasis by up-regulating its target gene, COL3A1. Our results
provided sufficient evidence of the important epigenetic role in
the development of TNBC and allowed a more comprehensive
understanding of the mechanism of tumor metastasis. METTL3
and its target gene COL3A1 might have the potential to become
novel biomarkers for TNBC prognostic prediction and new
targets for TNBC therapy.
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