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METTL3-mediated m®A modification of Inc KCNQ10T1 promotes doxorubicin
resistance in breast cancer by regulating miR-103a-3p/MDR1 axis
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ABSTRACT

Doxorubicin (DOX) resistance in breast cancer (BC) poses a huge challenge for the therapeutic
effect on BC. Lnc KCNQ1OT1 play crucial roles in chemotherapy resistance. However, the role and
mechanism of Inc KCNQ1OT1 in DOX resistance BC have not been investigated, which merits
further exploration. Based on MCF-7 and MDA-MB-231 cells, MCF-7/DOX and MDA-MB-231/DOX
cells were established using gradient concentrations of DOX. IC50 values and cell viability were
determined using MTT. Cell proliferation was investigated by colony formation. Flow cytometry
was performed to examine cell apoptosis and cell cycle. Gene expression was examined using
gRT-PCR and western blot. The interactions among METTL3, Inc KCNQ10OT1, miR-103a-3p, and
MDR1 were validated with MeRIP-gPCR, RIP, and dual-luciferase reporter gene assays. The results
showed that Lnc KCNQ10OT1 was highly expressed in DOX-resistant BC cells, and Inc KCNQ10T1
depletion could enhance DOX sensitivity in BC cells and DOX-resistant BC cells. Besides, Inc
KCNQ10T1 was modulated by MELLT3 in the manner of m°A modification. MiR-103a-3p could
interact with Inc KCNQ10T1 and MDR1. Overexpression of MDR1 abolished the impacts of Inc
KCNQ10T1 depletion on DOX resistance in BC. In conclusion, our results unveiled that in BC cells
and DOX-resistant BC cells, Inc KCNQ10T1 could be mediated by METTL3 through m®A modifica-
tion to elevate and stabilize its expression, further inhibitingmiR-103a-3p/MDR1 axis to promote
DOX resistance, which might provide novel thought to overcome DOX resistance in BC.
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introduction cisplatin (DDP)-resistant cervical cancer cells, and

its knockdown could suppress the growth of DDP-
resistant cervical cancer cells and enhance the sensi-

According to an authoritative published study, the
number of breast cancers (BCs) diagnosed in 2020

has reached approximately 2.3 million, and the mor-
tality of BC was estimated roughly 0.69 million
worldwide [1]. At present, therapeutic methods for
BC have been developed in several respects, such as
mammectomy and chemoradiotherapy drugs.
Doxorubicin (DOX) is a broad-spectrum che-
motherapy agent, which can effectively suppress
the progression of BC [2]. However, the therapeutic
effects of DOX on a part of patients of BC were not
effective because of drug resistance. Therefore, how
to attenuate DOX resistance to BC deserves further
investigations.

LncRNAs are important components of non-cod-
ing RNA and play crucial roles in biological func-
tions, such as tumour growth and drug resistance
[3,4]. For example, ANXA2P2 was elevated in

tivity of cisplatin to DDP-resistant cervical cancer
cells [5]. Lnc KCNQIOT1 affecting drug resistance
to multiple cancers has been explored by several
studies. In nasopharyngeal carcinoma, Inc
KCNQIOT1 promoted cisplatin resistance and
tumour progression through miR-454/USP47 axis
[6]. In additional, Inc KCNQ1OT1 was reported to
be highly expressed and accelerated BC progression
[6-8]. However, Inc KCNQ1OT1 to drug resistance
in BC has not been investigated. Currently, N°-
methyladenosine (m°A) broadly exists in RNA mod-
ification to mediate the expression and stability of
RNA [9]. The ‘writers’ m® A methyltransferase-like 3
(METTL3) was found higher expression and adria-
mycin resistance in BC [10], indicating METTL3
might be involved in drug resistance to affect BC
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progression. As previously described, the METTL3-
mediated MALAT1 expression by m°A modification
promoted the adriamycin resistance to BC [11]. In
this study, we would explore whether METTL3 med-
iate m6A modification of Inc KCNQI1OT1 to influ-
ence DOX resistance in BC.

Massive investigations have evidenced that the
regulatory mechanism of competing endogenous
RNA (ceRNA) such as IncRNA-miRNA-mRNA
axis plays important roles in various diseases
[12,13]. Previous studies revealed that miR-103a-
3p was low expression in BC and was recom-
mended as a diagnostic and prognostic biomarker
[14,15]. MiR-103a-3p was involved with cisplatin
resistance to non-small cell lung carcinoma [16].
Additionally, plentiful studies have demonstrated
that multidrug resistance protein 1(MDR1) is
identified as a key and independent risk factor of
DOX resistance in cancers including BC [17,18].
In combination with bioinformatics analysis, the
binding sites among Inc KCNQI1OT1, miR-103a-
3p, and MDR1 were predicted by the starbase
website. Hence, we conjectured that Inc
KCNQI1OT1/miR-103a-3p/MDRI axis might reg-
ulate DOX resistance in BC.

To sum up, we propose a notion that METTL3
upregulates and stabilizes Inc KCNQ1OT1 by m°A
modification to enhance DOX resistance in BC via
modulating miR-103a-3p/MDR1 axis. In this
study, we employed BC cells and DOX-resistant
BC cells as experimental subjects to conduct a
series of experiments, which will lay the founda-
tions for our hypothesis.

Methods
Cell culture and treatments

MCF10A (Human breast epithelial cells, ATCC,
Manassas, VA, USA), MCF-7, and MDA-MB-231
(BC cells, Cell Bank of Chinese Academy of
Science, Shanghai, China) were maintained in
Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% FBS, 100 units/mL peni-
cillin and 100 mg/mL streptomycin (Invitrogen,
Carlsbad, CA, USA) under condition of 5% CO,
flow at 37°C. DOX-resistant MCF-7 (MCEF-7/
DOX) and DOX-resistant MDA-MB-231 (MDA-
MB-231/DOX) cells were generated by continuous

exposure of MCF-7 or MDA-MB-231 cells to gra-
dient concentrations of DOX (Sigma-Aldrich, St
Louis, MO, USA) [19]. In addition, in this study,
1.5 ug/mL DOX was applied for the treatment of
BC cells, and 30 pg/mL DOX was used to treat
DOX-resistant BC cells.

The determination of cell viability and IC50 value

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay was employed to detect
cell viability and IC50 (half maximal inhibitory
concentration) values of DOX. The cells were
implanted onto 96-well plates and cultured for
24 h. The transfected cells were treated with var-
ious concentrations of DOX (10, 20, 40, 80 ng/
mL). About 20pL MTT reagent solution
(Beyotime) was supplied to each well and incu-
bated for 4h. Afterwards, the formazan crystals
were dissolved using dimethyl sulphoxide. The
absorbance at 490 nm was determined by a micro-
plate reader (Bio-Tek, USA). The data were used
to calculate the cell viability and IC50 value.

Colony formation assay

Cell proliferation was determined by colony for-
mation. Shortly, MCF-7/DOX and MDA-MB-231/
DOX were implanted onto 6-well plates (100 cells/
well). Two weeks later, the cells were fixated with
methanol for 15 min and were then stained with
0.1% crystal violet. Finally, the colony number of
cells was calculated and documented under a
microscope.

Flow cytometry

Flow cytometry was employed to detect cell apop-
tosis rate and cell cycle. Referring to manufac-
turer’s instruction, Annexin V-FITC/propidium
iodide (PI) Apoptosis Detection Kit (YEASEN)
was selected for evaluation of cell apoptosis rate.
About 5 pL of Annexin V-FITC (labelled as early
apoptotic cells) and 10 pL of PI (labelled late apop-
totic and necrotic cells) Staining Solution were
added in the cell suspension for 15 min.

For the detection of cell cycle, cells were fixed
with ethanol for 48h at 4°C and subsequently
stained with PI. Finally, cell apoptosis rate and



cell cycle were evaluated by flow cytometry (BD,
NJ, USA).

Qrt-PCR

The RNAs were obtained from MCF10A cells, BC
cells, and DOX-resistant BC cells using TRIzol
reagent (Invitrogen, Carlsbad, USA). The Prime
Script Reverse Transcription Reagent Kit (Takara,
Dalian, China) was used to synthesize ¢cDNA
sequences. Using the SYBR Premix Ex Taq II Kit
(Takara), qRT-PCR was performed on the
ABI7500 system (Applied Biosystems, CA, USA).
The primers were generalized as follows:

Inc KCNQIOT1 (F), 5-TTGGTAGGATTTTG
TTGAGG-3’;

Inc KCNQ1O0T1 (R), 5-CAACCTTCCCCTAC
TACC-3%;

miR-103a-3p (F), 5-GCAGCAGCATTGTACA
GGG-3%

miR-103a-3p (TR), 5-GTCGTATCCAGTGCA
GGGTCCGAGGTATTCGCACTGGATACGAC

TCATAG-3’;

MDR1 (F), 5-TCGTTTCCTTTAGGTCTTTC
CAC-3;

MDRI (R), 5-CTTCTTCTTTGCTCCTCCATT
GC-3%;

U6 (F), 5-CTCGCTTCGGCAGCACA-3’;

U6 (R), 5-AACGCTTCACGAATTTGCGT-3’;

GAPDH (F), 5-TGGAAGGACTCATGACC
ACA-3’;

GAPDH (R), 5-TTCAGCTCAGGGATGACC
TT-3.

All THE data were calculated by using 2~
formula. The GAPDH and U6 were regarded as
reference genes.

AACt

Western blot

Proteins were isolated from BC cells and DOX-
resistant BC cells using RIPA buffer (Beyotime).
Next, an equal amount of protein (20 pg) was
added into the sample loading hole and were seg-
regated by SDS-PAGE. Then, the isolated proteins
were transferred onto PVDF membranes. After the
membranes were blocked by non-fat milk for 1h,
the primary antibodies MDR1 (1:2000, #ab170904,
Abcam, Cambridge, UK), cyclin D1 (1:200,
#ab16663), Bax (1:5000, #ab32503), Bcl-2 (1:1000,
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#ab32124), and f-actin (1:5000, #ab6276) were
incubated on the membranes overnight at 4°C.
The HRP-conjugated secondary antibody was
adopted to immerse PVDF membrane for 1h.
ECL chemiluminescent reagent (Beyotime) were
adopted to evaluate protein bands and the densi-
tometry analysis was tested by Image J.

Cell transfection

Small hairpin RNA targeting Inc KCNQ1OT1 (sh-
Inc KCNQI1OT1), pcDNA3.1, pcDNA3.1-
METTL3, pcDNA3.1-MDRI1, miR-103a-3p inhibi-
tor/mimics, small interfering RNA against
METTL3 (si-METTL3), and negative control (si-
NC, sh-NC, NC inhibitor, NC mimics, empty
pcDNA3.1 vector) were purchased from by
GenePharma (Shanghai, China). Using
Lipofectamine 2000 (Invitrogen), the above
sequences, and plasmids were transfected into BC
cells and DOX-resistant BC cells according to the
manufacturer’s protocol.

Dual luciferase reporter gene assay

The sequences of Inc KCNQ1OT1 or MDR1 bind-
ing with miR-103a-3p were cloned into pGL3 vec-
tors (Beyotime) for constructing reporter vectors
Inc KCNQ10OT1 (WT/MUT) or MDR1 (WT/
MUT). MiR-103a-3p mimics were transfected
into DOX-resistant BC cells coupled with Inc
KCNQIOT1 (WT/MUT) or MDR1 (WT/MUT)
by lipofectamine 3000. The luciferase activity was
tested by a dual-luciferase reporter assay system
(Promega).

RNA stability

As for the detection of RNA stability of Inc
KCNQIOT1. Actinomycin D (2pg/mL) was
added to prevent the process of gene transcription
in cells. Next, RT-qPCR was performed to evaluate
Inc KCNQI1OT1 mRNA level after 0, 1, 2, and 3 h.

M6A immunoprecipitation (MeRIP) and RNA
immunoprecipitation (RIP) assay

MeRIP and RIP were used to validate the interac-
tion between METTL3 and Inc KCNQIOTI1. A
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BersinBio RIP assay kit (BersinBio, Guangzhou,
China) and m°A RNA Enrichment Kit
(EPIGENTEK, Farmingdale, NY, USA) were con-
ducted following the manufacturer’s protocol. Cell
lysates were incubated with magnetic beads and
anti-m®A (Abcam) or anti-METTL3 (Abcam) or
anti-AGO2 (Abcam) or anti-IgG (Abcam). Lnc
KCNQIOT1 with m°A modification, Inc
KCNQI10OT1, and miR-103a-3p enrichment were
evaluated by RT-qPCR.

Statistical analysis

The data were presented as mean + SD. Statistical
analysis was processed by GraphPad Prism 6 (San
Diego, CA, United States) using Student’s paired ¢-
test between two groups and one-way ANOVA
among three or more than three groups. All data
were derived from three independent experiments.
The p-value less than 0.05 was identified to be
statistically significant.

Results

Lnc KCNQ10T1 and MDR1 were highly expressed
in DOX-resistant BC cells, while miR-103a-3p was
lowly expressed

Here, BC cells (MCF-7 and MDA-MB-231) and
DOX-resistant BC cells (MCF-7/DOX and MDA-
MB-231/DOX) served as experimental subjects. A
series of concentrations of DOX (0.5, 1, 1.5, 2, 20,
40, 80 pg/mL) were added to the cells to determine
IC50 values of DOX (Table 1). The results revealed
that IC50 of DOX resistant BC cells was notably
higher than that of BC cells. In addition, cell viabi-
lity of DOX resistant BC cells was stronger than
that of BC cells under DOX treatment (Figure 1a).
Subsequently, 1.5 ug/mL DOX was selected to inter-
vene following experiments. Clone formation
exhibited that with DOX addition, the number of
DOX-resistant BC cells was apparently more than

Table 1. IC50 values of different cell lines under DOX treatment.

Cell line 1C50
MCF-7 1.25 pg/mL
MDA-MB-231 1.53 ug/mL
MCF-7/DOX 33.71 yg/mL

MDA-MB-231/DOX 27.45 pg/mL

that of corresponding BC cells (Figure 1b).
Inversely, the apoptosis rate of DOX-resistant BC
cells was lower relative to corresponding BC cells
(Figure 1c). These results revealed that DOX inter-
vention has limited influence on DOX-resistant BC
cells. Subsequently, Inc KCNQ1OT1, miR-103a-3p
and MDRI levels were determined. In DOX-resis-
tant BC cells, Inc KCNQ10T1, and MDRI1 levels
were dramatically elevated and miR-103a-3p level
was distinctly declined, which were compared to
BC cells (Figure 1d-e), indicating Inc KCNQ1OT1,
miR-103a-3p, and MDR1 might be implicated in
DOX resistant BC.

Lnc KCNQ10OT1 silencing promoted the
suppressing effects of DOX on BC cells through
elevating miR-103a-3p

To explore the function of Inc KCNQ1OT1lon
BC cells (MCF-7 and MDA-MB-231) upon DOX
treatment, MCF-7 and MDA-MB-231 cells were
transfected with sh-lnc KCNQ1OT1. Of note,
the concentration of DOX to treat BC cells was
1.5ug/mL. qRT-PCR displayed that Inc
KCNQIOT1 was successful knockdown in
MCE-7 and MDA-MB-231 cells and miR-103a-
3p expression was obviously upregulated by sh-
Inc KCNQIOT1 transfection (Figure Sla). Cell
viability of BC cells was prominently decreased
by sh-lnc KCNQI1OT1 depletion compared to
that of sh-NC transfection (Figure S1b). Lnc
KCNQI1OT1 knockdown inhibited cell clone for-
mation and elevated cell apoptosis rate of BC
cells (Figure Slc-d). Concomitantly, apoptosis-
related proteins were detected. We found that
Bax was notably elevated, while Bcl-2 was evi-
dently reduced in BC cells with sh-Inc
KCNQI10T1 transfection (Figure Sle).
Altogether, sh-Inc KCNQ1OT1 enhanced DOX-
induced suppression of BC cells via regulating
miR-103a-3p.

Lnc KCNQ10OTT1 depletion restrained DOX
resistance in DOX-resistant BC cells via elevating
miR-103a-3p

To investigate the function of Inc KCNQ1OT]1 on
DOX-resistant BC cells, MCF-7/DOX and MDA-
MB-231/DOX were transfected with sh-Inc
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Figure 1. Lnc KCNQ10OT1 and MDR1 level were highly expressed
expressed.

in DOX-resistant BC cells, while miR-103a-3p level was lowly

Note: a, IC50 values of BC cells and DOX-resistant BC cells were determined by MTT. b, cell proliferation was detected using clone
formation. ¢, the apoptosis rate was measured with flow cytometry. d, Inc KCNQ10T1, miR-103a-3p, and MDR1 expression was
tested using qRT-PCR. e, western blot was performed to measure MDR1 expression.

KCNQIOT!1 to silence Inc KCNQIOT1 and then
followed DOX treatment. Of note, 30 pg/mL
DOX was applied to treat DOX-resistant BC
cells. Lnc KCNQI1OT1 expression was evidently
downregulated, and miR-103a-3p expression was
notably upregulated by sh-lnc KCNQ1OT1

transfection (Figure 2a). Cell viability of DOX
resistant BC cells was apparently suppressed by
sh-Inc KCNQIOTT1 silencing (Figure 2b). Besides,
Inc KCNQI1OT1 knockdown attenuated the abil-
ity of cell clone formation and promoted cell
apoptosis rate of DOX resistant BC cells (Figure
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2c¢-d). Meanwhile, Bax was observably increased,
while Bcl-2 was evidently reduced in DOX-resis-
tant BC cells by sh-Inc KCNQI1OT1 transfection
(Figure 2e). These results suggested that Inc
KCNQIOT1 depletion resulted in enhanced
DOX-sensitivity to DOX-resistant BC cells.
Additionally, starbase predicted a putative bind-
ing site between Inc KCNQ1OT1 and miR-103a-
3p. Luciferase activity in WT-Inc KCNQI1OT1
group was suppressed by miR-103a-3p mimics
but failed to change luciferase activity in MUT-
Inc KCNQ1OT1 group, RIP experiment further
verified the targeting-binding relationship
between Inc KCNQIOT1 and miR-103a-3p
(Figure 2f). These data suggested the interaction
between Inc KCNQIOT1 and miR-103a-3p.
Taken together, Knockdown of Inc KCNQI1OT1
elevated miR-103a-3p to repress DOX resistance
in DOX resistant BC cells.

MiR-103a-3p overexpression/inhibition impacted
DOX-mediated influences on BC cells through
modulating MDR1

Here, we investigated whether miR-103a-3p
affects DOX-mediated impacts on BC cells. BC
cells (MCF-7 and MDA-MB-231) were trans-
fected with miR-103a-3p mimics or inhibitor
and then followed by DOX treatment. MiR-
103a-3p expression was elevated or reduced by
miR-103a-3p mimics or inhibitor in BC cells
(Figure S2a, 2e). Simultaneously, MDRI expres-
sion was suppressed by miR-103a-3p mimics
while it was elevated by miR-103a-3p inhibitor
in BC cells (Figure S2a, 2e). Moreover, miR-103a-
3p mimics could attenuate cell viability, migra-
tion, and cell cycle, while promoting cell apopto-
sis of BC cells, whereas miR-103a-3p silencing
could acquire opposite results (Figure S2b-2d).
Additionally, the apoptosis-related protein Bax
was increased, and Bcl-2 was inhibited as well as
cycle-related protein cyclin D1 was reduced by
miR-103a-3p mimics; however, miR-103a-3p
inhibitor had the opposite effects to miR-103a-
3p mimics in BC cells (Figure S2e). Overall, miR-
103a-3p could regulate cell growth in DOX-trea-
ted BC cells by mediating MDR1.

MiR-103a-3p overexpression/inhibition affected
DOX resistance of DOX-resistant BC cells through
modulating MDR1

Next, the roles of miR-103a-3p in DOX-resistant BC
cells as well as its downstream target were investigated.
Firstly, DOX-resistant BC cells (MCF-7/DOX and
MDA-MB-231/DOX) were transfected with miR-
103a-3p mimics or inhibitors and then followed by
DOX treatment. We observed that miR-103a-3p
mimics or inhibitors resulted in elevated or reduced
miR-103a-3p expression in DOX-resistant BC cells
(Figure 3a, 3e). However, MDR1 expressions acquired
opposite alterations (Figures 3a, 3e). Besides, miR-
103a-3p mimics suppressed cell viability, migration,
cell cycle, and promoted cell apoptosis of DOX-resis-
tant BC cells compared to that of NC-inhibitor group,
whereas miR-103a-3p silencing could acquire oppo-
site results (Figure 3b-d). Meanwhile, the apoptosis-
related proteins Bax was enhanced and Bcl-2 was
decreased as well as cycle-related protein cyclin D1
was down-regulated by miR-103a-3p mimics in DOX-
resistant BC cells, whereas miR-103a-3p inhibitor had
the opposite effects (Figure 3e). Additionally, the
Starbase website predicted a binding site between
miR-103a-3p and MDR1 and the interaction between
the two was supported by the results of dual-luciferase
reporter gene assay (Figure 3f). In total, miR-103a-3p
negatively mediated MDRI level to enhance DOX’s
sensibility of DOX-resistant BC cells.

Lnc KCNQ1OTT1 indirectly elevated MDR1
expression to promote DOX resistance of BC cells
and DOX-resistant BC cells

To reveal whether MDRI1 affects Inc KCNQ1OT1-
mediated DOX-resistance in DOX-resistant BC cells,
DOX-resistant BC cells (MCF-7/DOX and MDA-
MB-231/DOX) were transfected with sh-Inc
KCNQI1OTT1 or together with MDRI1 overexpression
vector following DOX treatment. qRT-PCR dis-
played that Inc KCNQ1OT1 knockdown reduced
Inc KCNQI1OT1 and MDRI but increased miR-
103a-3p. However, MDRI1 overexpression reversed
Inc KCNQI1OTT1 silencing-mediated reduction of
MDRI expression but failed to affect Inc
KCNQI1OT1 and miR-103a-3p expression (Figures
4a and 4f). Additionally, Inc KCNQ1OT1 knock-
down suppressed cell viability, cell clone, and cell
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Figure 2. Lnc KCNQ10T1 depletion restrained DOX resistance in BC cells and DOX-resistant BC cells via elevating miR-103a-3p.

Note: sh-Inc KCNQ1OT1 was transfected into DOX-resistant BC cells. a, qRT-PCR was employed to detect transfection efficiency and
miR-103a-3p expression. b, cell viability was determined by MTT. ¢, the capability of cell proliferation was detected using clone
formation. d, the apoptosis rate was measured with flow cytometry. e, western blot was performed to measure Bax, Bcl-2 expression.
f, the mutual binding site between Inc KCNQ10T1 and miR-103a-3p was predicted by starbase, and the interplay between Inc
KCNQ10T1 and miR-103a-3p was validated by dual-luciferase reporter gene assay and RIP assay.
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Figure 3. MiR-103a-3p overexpression/knockdown affected DOX resistance of BC cells and DOX-resistant BC cells through modulat-

ing MDR1.

Note: DOX-resistant BC cells suffered miR-103a-3p mimics/inhibitor. a, qRT-PCR was employed to detect transfection efficiency and
MDR1 expression. b, cell viability was determined by MTT. ¢, cell proliferation was detected using clone formation. d, the apoptosis
rate and cell cycle were measured using flow cytometry. e, western blot was performed to measure MDR1, cyclin D1, Bax, and Bcl-2
expressions. f, the mutual binding site between miR-103a-3p and MDR1 was predicted by starbase, and the interplay between miR-

103a-3p and MDR1 was consolidated by dual-luciferase reporter gene assay.
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Figure 3. (Continued).

cycle as well as promoted cell apoptosis in DOX-
resistant BC cells, which were abolished by MDR1
overexpression (Figure 4b-d). Meanwhile, MDR1
overexpression abolished sh-lnc KCNQI1OT1-
mediated elevation of Bax and reduction of Bcl-2
and cyclin D1 (Figure 4e). In conclusion, the knock-
down of Inc KCNQ1OT1 could improve DOX’s sen-
sibility of DOX-resistant BC through
downregulating MDRI.

cells

METTL3 modulated m6A modification of Inc
KCNQ10T1 to facilitate DOX resistance of DOX-
resistant BC cells

As previously reported, METTL3 mediating
m6A modification of IncRNA is a prevalent
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phenomenon during biological regulation [20].
Therefore, we detected METTL3 expression
through qRT-PCR in BC cells and DOX-resis-
tant BC cells. The results exhibited that the
expression of METTL3 in BC cells (MCF-7
and MDA-MB-231) was higher than that in
normal breast cells (MCF10A). Noticeably,
METTL3 expression was apparently increased
in MCF-7/DOX and MDA-MB-231/DOX cells
compared to that in MCF-7 and MDA-MB-231
cells (Figure 5a), indicating the importance of
METTL3 on DOX resistance in DOX-resistant
BC cells. Subsequently, MCF-7/DOX and MDA-
MB-231/DOX cells were selected for subsequent
experiments. si-METTL3 and oe-METTL3 were
transfected into DOX-resistant cells to decline
and increase METTL3 expression, respectively
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Figure 4. Lnc KCNQ1OT1 indirectly elevated MDR1 expression to promote DOX resistance of BC cells and DOX-resistant BC cells.

Note: DOX-resistant BC cells were transfected with sh-Inc KCNQ10T1 alone or along with oe-MDR1. a, gRT-PCR was employed to
detect Inc KCNQ10T1, miR-103a-3p, and MDR1 expressions. b, cell viability was determined by MTT. ¢, cell proliferation was detected
using clone formation. d, the apoptosis rate and cell cycle were measured with flow cytometry. e, western blot was performed to
measure MDR1, cyclin D1, Bax, and Bcl-2 expressions.
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(Figure 5b). Concomitantly, Inc KCNQIOT1
expression was also suppressed by METTL3
knockdown and was elevated by METTL3 over-
expression (Figure 5b). In addition, we detected
RNA stability of Inc KCNQ1OT1. DOX-resis-
tant BC cells were treated with actinomycin D.
The results revealed that the METTL3 knock-
down accelerated the degradation of Inc
KCNQI10OT1, but the METTL3 overexpression
suppressed the degradation of Inc KCNQIOT]1
(Figure 5c). Moreover, we found that Inc
KCNQI1OT1 was modified by m6A in DOX-
resistant BC cells, which was determined by
MeRIP-qPCR (Figure 5d). Meanwhile, the
METTL3 knockdown resulted in decreased
m6A modification of Inc KCNQ1OT1 (Figure
5d). As expected, RIP exhibited that Inc
KCNQI1OT1 was apparently enriched by anti-
METTL3 (Figure 5e). The above results indi-
cated that METTL3 interacted with Inc
KCNQIOT1 and mediated Inc KCNQ1OTI1
m6A modification. To further probe how
METTL3/Inc KCNQIOT1 axis affects DOX sen-
sibility to DOX-resistant BC cells, MCF-7/DOX
and MDA-MB-231/DOX cells were transfected
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si-METTL3 alone or along with oe-Inc
KCNQI1OT1. The detailed groups were as fol-
lows: Control, si-NC, si-METTL3, si-METTL3
+0e-NC, si-METTL3+ oe-Inc KCNQ1OT1. The
results revealed that METTL3 silencing sup-
pressed cell viability, cell clone formation, and
cell cycle but enhanced cell apoptosis in DOX-
resistant BC cells, whereas these phenomena
were reversed by Inc KCNQ1OT1 overexpres-
sion (Figure 5f-h). In addition, METTL3 knock-
down reduced the expression of METTL3, Inc
KCNQ10OT1, and MDRI1, while elevated the
expression of miR-103a-3p. However, Inc
KCNQI10T1 overexpression abolished
METTL3 knockdown-mediated reduction of
Inc KCNQ1OT1 and MDRI1 expression and ele-
vation of miR-103a-3p expression but failed to
influence  METTL3 expression (Figure 5i).
Western blot exhibited that the levels of
MDRI, Bcl-2, and cyclin D1 were inhibited,
and the level of Bax was elevated by METTL3
silencing, while Inc KCNQIOT1 overexpression
reversed these effects (Figure 5j). Altogether,
METTL3 DOX

knockdown  suppressed
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Figure 5. METTL3 modulated m6A modification of Inc KCNQ1OT1 to facilitate DOX resistance of DOX-resistant BC cells.

Note: a, qRT-PCR was applied to examine METTL3 expression in MCF10A, MCF-7, MDA-MB-231, MCF-7/DOX, and MDA-MB-231/DOX
cells. si-METTL3 or oe-METTL3 was transfected into DOX-resistant BC cells. b, gRT-PCR was performed to measure METTL3 and Inc
KCNQ10T1 expression. ¢, qRT-PCR was applied to detect the stability of Inc KCNQ10OT1. d, MeRIP-gPCR was applied to test Inc
KCNQ10T1 expression of m°A modification. e, RIP assay was adopted to evaluate the enrichment of Inc KCNQ10T1 by anti-METTL3
in MCF-7/DOX and MDA-MB-231/DOX cells. si-METTLE3 alone or along with oe-Inc KCNQ1OT1 were transfected into DOX-resistant
BC cells. f, cell viability was determined by MTT. g, cell proliferation was detected using clone formation. h, the apoptosis rate and
cell cycle were measured with flow cytometry. i, Inc KCNQ10T1, miR-103a-3p, and MDR1 expressions were tested using qRT-PCR. j,
western blot was performed to measure MDR1, cyclin D1, Bax, and Bcl-2 expressions.
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Figure 5. (Continued).
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resistance in DOX-resistant BC cells through
declining Inc KCNQ1OT]1 expression.

Discussion

Drug resistance is a common problem when
tumours are treated with chemotherapeutics [21].
Previous studies suggested that DOX resistance
significantly hinders the therapeutic effect in BC,
resulting in a poor prognosis [22]. Enhancing
DOX sensitivity to BC cells could suppress the
progression of BC. In this study, we found Inc
KCNQIOT1, which was modified by METTL3-
mediated m6A modification, promoted DOX
resistance in DOX-resistant BC cells by regulating
miR-103a-3p/MDRI axis.

Massive evidence has demonstrated that IncRNAs
are closely related to chemotherapy resistance in
tumours [23]. For instance, IncRNA DDX11-AS1 pro-
moted adriamycin (ADR) resistance through
LIN28A-mediated ATG12 mRNA stabilization in
BC [24]. Lnc KCNQIOT]1 was reported to be closely
related to multiple chemotherapeutic drug resistances
such as ADR and Temozolomide in tumours includ-
ing acute myeloid leukaemia and gliomas [25,26]. At
present, previous studies have revealed Inc
KCNQ1OT1 promoted BC progression [8].
However, there was no evidence of Inc KCNQ10T1
on DOX resistance in DOX-resistance BC. In this
study, we found that Inc KCNQ1OT1 was elevated
in DOX-resistant BC cells compared to BC cells. Lnc
KCNQI1OT1 knockdown effectively enhanced DOX
sensibility in DOX-resistant BC cells by suppressing
cell viability and elevating cell apoptosis.

Which molecular regulatory mechanism results
in increased Inc KCNQ1OT1 expression in DOX-
resistant BC cells? Numerous studies have sug-
gested that m°A modification to IncRNA is a
common reason. Furthermore, m6A modification
of IncRNA was extensively explored in cancers and
correlated with chemotherapy resistance [27].
Here, we found that Inc KCNQ1OT1 was notably
modified by m6A, which evidenced by MeRIP-
qPCR. METTL3 is a crucial transmethylase that
mediates IncRNAs’ m6A modification and

regulates the expression of IncRNAs [28]. For
instance, METTL3 stabilized and upregulated
IncRNA LNCAROD through m®A modification
to promote the development of head and neck
squamous cell carcinoma (HNSCC) [29]. In addi-
tion, METTL3 mediated IncRNA MALAT1 m6A
modification to enhance IncRNA MALATI1
expression, promoting cisplatin resistance in non-
small lung cancer (NSCLC) [28]. Min Li and co-
workers suggested that METTL3 compromised the
influences of 5-Fluorouracil (5-FU) chemotherapy
and contributed to 5-FU resistance in colorectal
carcinoma [30]. In this work, METTL3 elevated
DOX-resistant BC cells compared to BC cells. The
RIP assay determined that METTL3 interacted
with Inc KCNQI1OT1 and METTL3 knockdown
inhibited m6A modified level of Inc KCNQ10T1
and suppressed Inc KCNQI1OTI1 expression.
Moreover, METTL3 knockdown resulted in sup-
pressed cell viability and cell cycle and enhanced
cell apoptosis of DOX-resistant BC cells, which
were abolished by Inc KCNQ1OT]1 overexpression.
These results indicated that METTL3 knockdown
reduced m6A level of Inc KCNQIOT1 and the
expression of Inc KCNQIOT1, which resulted in
suppression of DOX resistance in DOX-resistant
BC cells.

It is generally known that IncRNA could interact
with miRNA as a sponge to affect gene expression,
which is the regulatory mechanism is broadly existing
biological functions [31]. For example, IncRNA
NEAT1/miR-23a-3p/FOXA1 axis regulated Taxol
resistance of BC [32]. In current study, Inc
KCNQI1OT1/miR-103a-3p/MDRI1 axis was estab-
lished to mediate DOX resistance in BC. As pre-
viously ~ described, miR-103a-3p was lower
expression in BC [15,33]. In current study, miR-
103a-3p expression was apparently declined in
DOX-resistant BC cells. Furthermore, miR-103a-3p
mimics could effectively suppressed cell viability and
cell cycle and elevated cell apoptosis of BC cells and
DOX-resistant BC cells. Moreover, starbase and dual
luciferase reporter gene assay validated that miR-
103a-3p interacted with Inc KCNQIOTI1. Lnc
KCNQIOT1 knockdown enhanced miR-103a-3p
expression, indicating miR-103a-3p was regulated by
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Figure 6. Schematic of molecular mechanism.

Note: METTL3 promoted the expression of InckCNQ10T1 by regulating its m6A modification. While the up-regulated IncKCNQ10T1
played the role of ceRNA in the targeted inhibition of miR-103a-3p, and MDR1, as the downstream molecule targeting miR-103a-3p,

could enhance DOX resistance of breast cancer.

Inc KCNQIOTI1. MDRI is a well-known molecule
involving chemotherapy resistance in tumours [34].
A former study found that MDRI was highly
expressed in cisplatin-resistant BC and was negatively
regulated by miR-381, and targeting MDRI1 sup-
pressed cisplatin resistance in BC [35]. In our study,
MDR1 expression was elevated in DOX-resistant BC
cells compared with BC cells. Furthermore, MDRI
was a downstream molecular of miR-103a-3p and
negatively regulated miR-103a-3p. Exogenous over-
expression of MDR1 reversed Inc KCNQIOT1 silen-
cing-mediated suppression of DOX resistance in
DOX-resistant BC cells. which was that firstly put
forward the function of Inc KCNQ1OT1/miR-103a-
3p/MDRI1 axis in DOX-resistant BC cells (Figure 6).

In conclusion, we put forward for the first time
that METTL3 mediated m6A modification of Inc
KCNQ1OT1 and promoted Inc KCNQIOTI
expression, which prompted DOX resistance in
DOX-resistant BC cells and accelerated the pro-
gression of BC through suppressing miR-103a-3p/
MDRI1 axis. Therefore, targeting METTL3/Inc
KCNQ10T1/miR-103a-3p/MDR1 axis might be
effectively suppressed DOX resistance of BC.

Frankly, there are still some limitations. Our
data are only acquired from the cellular level,
lacking validation on animal and clinical samples.
Additionally, we did not probe the signalling
pathways that might be involved in DOX resis-
tance in BC. Hence, more experiments need to be
carried out to further illuminate this scientific
problem.
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