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Melatonin inhibits triple-negative breast cancer progression
through the Lnc049808-FUNDC1 pathway
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Melatonin has been reported to have tumor-suppressive effects via comprehensive molecular mechanisms, and long non-coding
RNAs (lncRNAs) may participate in this process. However, the mechanism by which melatonin affects the function of lncRNAs in
triple-negative breast cancer (TNBC), the most aggressive subtype of breast cancer, is still unknown. Therefore, we aimed to
investigate the differentially expressed mRNAs and lncRNAs in melatonin-treated TNBC cells and the interaction mechanisms.
Microarray analyses were performed to identify differentially expressed mRNAs and lncRNAs in TNBC cell lines after melatonin
treatment. To explore the functions and underlying mechanisms of the mRNAs and lncRNAs candidates, a series of in vitro
experiments were conducted, including CCK-8, Transwell, colony formation, luciferase reporter gene, and RNA immunoprecipitation
(RIP) assays, and mouse xenograft models were established. We found that after melatonin treatment, FUNDC1 and lnc049808
downregulated in TNBC cell lines. Knockdown of FUNDC1 and lnc049808 inhibited TNBC cell proliferation, invasion, and metastasis.
Moreover, lnc049808 and FUNDC1 acted as competing endogenous RNAs (ceRNAs) for binding to miR-101. These findings
indicated that melatonin inhibited TNBC progression through the lnc049808-FUNDC1 pathway and melatonin could be used as a
potential therapeutic agent for TNBC.
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INTRODUCTION
Triple-negative breast cancer (TNBC) accounts for 15–20% of all
breast cancers, and compared with other subtypes, it exhibits more
aggressive biological behaviors and worse clinical outcomes due to
the lack of efficient molecular targets [1]. Melatonin (N-acetyl-5-
methoxytryptamine) is a natural indoleamine, which is mainly
produced by the pineal gland in humans and other animals in
response to darkness and light [2, 3]. Studies have shown that in
addition to circadian rhythm monitoring, melatonin also has anti-
inflammatory, antioxidant, immunomodulatory, vascular regula-
tion, and anticancer activities [4–7]. The anticancer properties of
melatonin are mediated via suppression of tumor metabolism and
critical signaling pathways, including PI3K/Akt, NF-kB, hypoxia-
inducible factor-1 (HIF-1), cyclin-dependent kinase (CDKs), insulin-
like growth factor receptor (IGF-1R), and estrogen receptor
signaling [8–10]. A series of studies indicated that melatonin
suppressed ERα mRNA expression, inhibited p38 MAPK signaling,
repressed epithelial-to-mesenchymal transition, and correlated
with intrinsic resistance to tamoxifen and doxorubicin in estrogen
receptor alpha (ERα)-positive human breast cancer [11, 12].
However, the role of melatonin in TNBC remains controversial.
Specifically, it is unclear how long noncoding RNAs (lncRNAs) are
involved in regulating TNBC.

LncRNAs, more than 200 nucleotides, are a type of transcript
without protein translation. It has been proven that they play
oncogenic or tumor-suppressive roles in various malignancies and
are involved in the progression of breast cancer [13–15]. However,
whether melatonin affects lncRNA expression and the mechanisms
underlying the effects of melatonin in TNBC remain unknown.
Therefore, our study aims to explore the expression profiles of
mRNAs and lncRNAs in melatonin-treated TNBC cells by whole-
genome mRNA and lncRNA expression microarray analyses.
Moreover, a series of in vitro and in vivo experiments were
conducted to further explore the roles and mechanisms of the
screened differentially expressed mRNAs and lncRNAs in TNBC. Our
results revealed that FUNDC1, a highly conserved mitochondrial
outer membrane protein that plays an important role in
mitochondrial autophagy, and the lnc049808 (NONMMUT049808)
significantly downregulated in TNBC cell lines that were pretreated
with melatonin. Knockdown of FUNDC1 and lnc049808 suppressed
TNBC cell proliferation, invasion, and metastasis. Functional assays
showed that lnc049808 and FUNDC1 acted as competing
endogenous RNAs (ceRNAs) for binding to miR-101. Our findings
indicated that melatonin inhibited TNBC progression through the
lnc049808-FUNDC1 pathway and that melatonin could be used as
a potential therapeutic agent for TNBC.
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Fig. 1 FUNDC1 knockdown inhibited TNBC Progression. A 4T1, 891, and BT549 TNBC cells were treated with melatonin (10–1000 nM) or the
vehicle for 48 or 96 h. B Whole-genome mRNA expression microarray analyses were performed on melatonin-treated and melatonin-
untreated 4T1 and 891 cells. C FUNDC1 was upregulated in TNBC tissues compared to normal tissues, according to the TCGA database. D The
expression levels of FUNDC1 were determined in breast cancer cell lines by qRT-PCR. White: normal breast epithelial cell line; gray: non-TNBC
cell line; black, TNBC cell line. E qRT-PCR showed that FUNDC1 knockdown was successful with sh-FUNDC1#2. F A CCK-8 assay was performed
after transfection in 4T1, 891, and BT549 TNBC cells. G A colony formation assay was performed (upper), and the results were quantified
(lower). H A Transwell assay was performed (upper), and the results were quantified (lower). I Representative images of xenograft tumors are
shown (upper), and tumor weight was quantified (lower, n= 3 per group). J H&E-stained sections of metastatic lung nodules are shown (left),
and the number of metastatic nodules was quantified (right, n= 3 per group). *p < 0.05, **p < 0.01.
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Fig. 2 FUNDC1 Is a Target Gene regulated by miR-101. A TargetScan showed the predicted binding sites of miR-101 within FUNDC1. B The
expression of miR-101 was detected in breast cancer cell lines. White: normal breast epithelial cell line; gray: non-TNBC cell line; black, TNBC
cell line. C hsa-miR-101 was downregulated in TNBC tissues compared to normal tissues, according to the TCGA database. D The expression
level of FUNDC1 after transfection with the miR-101 mimic or LNA-miR-101 was determined by qRT-PCR. E Luciferase assay of cells transfected
with vectors containing the FUNDC1 3′ UTR (WT) or its mutant (mut). F A CCK-8 assay was performed after transfection in 4T1, 891, and BT549
TNBC cells. G A colony formation assay was performed (upper), and the results were quantified (lower). H A Transwell assay was performed
(upper), and the results were quantified (lower). I Representative images of xenograft tumors were shown (upper), and tumor weight was
quantified (lower, n= 3 per group). J H&E-stained sections of metastatic lung nodules were shown (left), and the number of metastatic
nodules was quantified (right, n= 3 per group). *p < 0.05, **p < 0.01.
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Fig. 4 Lnc049808 Is a target of miR-101. A U6, GAPDH, and lnc049808 levels were determined by qRT-PCR. B The predicted binding sites of
miR-101 within lnc049808 are shown. C The MS2-based RIP assay confirmed the binding of miR-101 and lnc049808 in 4T1, 891, and BT549
TNBC cells. D Luciferase assay of cells transfected with vectors containing binding sites for miR-101 within lnc049808 (WT) or its mutant (mut).
E CCK-8 assay was performed after transfection in 4T1, 891, and BT549 TNBC cells. F A colony formation assay was performed (upper), and the
results were quantified (lower). G A Transwell assay was performed (upper), and the results were quantified (lower). H Representative images
of xenograft tumors were shown (upper), and tumor weight was quantified (lower, n= 3 per group). I H&E-stained sections of metastatic lung
nodules were shown (left), and the number of metastatic nodules was quantified (right, n= 3 per group). *p < 0.05, **p < 0.01.
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RIP assay was performed using an anti-Ago2 antibody (Millipore), and the
levels of lnc049808, FUNDC1, and miR-101 were further measured.

Statistical analysis
All data were analyzed with SPSS 19.0 software. We used t-tests and
Pearson χ2 tests to compare the differences between groups. Unless
otherwise stated, the data are expressed as the mean ± standard deviation
of three independent experiments. p < 0.05 was considered statistically
significant.

DATA AVAILABILITY
The availability of data and information on the data set used and analyzed in the
current study would be provided by the corresponding author upon request.
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