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DNMT3B Silencing Inhibits Malignant Phenotype of
Breast Cancer by Suppressing FBXO31 Methylation
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Background: Abnormal DNA methylation has been detected in breast cancer (BC). Downregulation of F-box protein 31
(FBXO31) in BC and its upregulated methylation level have been initially confirmed via bioinformatic analyses. Likewise, DNA
methyltransferase 3 beta (DNMT3B) is highly expressed in BC. Accordingly, this study is engineered to fathom out whether
DNMT3B can affect the progression of BC (Luminal A type) by regulating FBXO31 methylation.

Methods: DNMT3B/FBXO031 expression and FBXO31 methylation level in BC were predicted by the University of Alabama
at Birmingham Cancer Data Analysis Portal (UALCAN) database. 5-methylcytosine (SmC) site of FBXO31 was analyzed with
RMBase database. After human BC cells were collected and transfected, viability, apoptosis and migration/invasion were tested
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay, flow cytometry, and Transwell assay, respec-
tively. FBXO031 methylation level was determined by methylation-specific polymerase chain reaction (MSP). Expression levels
of FBX0O31, DNMTS3B, and apoptosis/proliferation-associated proteins were evaluated using quantitative real-time reverse tran-
scription polymerase chain reaction or Western blotting.

Results: DNMT3B expression was upregulated while FBX031 expression was downregulated (p = 1.62 x 10~ '), and FBX031
methylation level was elevated in breast invasive carcinoma (p < 1 x 10~'?). DNMT3B was highly expressed in MCF-7, MDA-
MB-231 and MDA-MB-453 cells (p < 0.001). DNMT3B silencing inhibited viability, migration and invasion (p < 0.05), enhanced
apoptosis (p < 0.001), upregulated expression levels of Bax and FBXO31 (p < 0.001), downregulated expression levels of B
cell leukemia/lymphoma 2 (Bcl-2), Ki67 and proliferating cell nuclear antigen (PCNA) (p < 0.001), and diminished FBXO31
methylation level in MCF-7 cells. FBXO31 silencing showed the opposite effects in MCF-7 cells (p < 0.001), whereas DNMT3B
silencing reversed the effects of FBXO31 silencing in MCF-7 cells (p < 0.01).

Conclusions: DNMTS3B silencing alleviates malignant behaviors in Luminal A BC cells by suppressing FBXO31 methylation,
indicating a novel mechanism of DNA methylation in Luminal A type BC.
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Introduction apy, and endocrine therapy, which highlight the urgency

need for innovative the therapeutic strategies in the treat-

Breast cancer (BC) is a malignant tumor that occurs in
breast epithelial cells, posing a grave threat to women [1].
Although the incidence and mortality rates of BC are rela-
tively lower in China than in most developed countries, the
continuously increasing trend has garnered mounting con-
cerns [2]. The contributors for BC include obesity, over-
weight, a lack of physical activity, radiation exposure, ge-
netic predisposition, and endogenous hormone exposure,
etc. [3]. BC is classified to four molecular subtypes: Lumi-
nal A, Luminal B, Human Epidermal growth Factor recep-
tor 2 (HER2)-positive, and triple-negative BC, with each
exhibiting substantial differences in biological behaviors,
treatment responses and prognosis. To date, the combina-
tion of surgery with immunotherapy and radiotherapy is a
clinical therapeutic route for BC [4-6]. However, relapse
and metastasis of BC remain major clinical challenges, de-
spite considerable progress in targeted therapy, chemother-

ment of BC [7,8].

DNA methylation is an all-important part of epige-
netics, playing a key role in many key processes in mam-
mals, including ageing and carcinogenesis [9,10]. The ma-
jor forms of DNA methylation consist of 5-methylcytosine
(5mC), N6-methyladenine (6mA) and N4-methylcytosine
(4mC) [11], which in prokaryotes and eukaryotes are re-
sponsible for promoting gene expression regulation and
cellular defense [12]. Especially, accumulating evidence
has demonstrated that SmC has the ability to regulate var-
ious genes in physiological processes, and aberrant CpG
island promoter SmC can silence tumor suppressor genes
and subsequently facilitate the tumor development [13].
DNA methylation can affect gene expression to mediate
cancer development and progression [14]. Aberrant DNA
methylation is a key factor in the development of BC [15],
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which impacts the prognosis of BC through mediating gene
expressions [15]. Besides, DNA methylation in the pro-
moter region has been underlined to be negatively corre-
lated with some gene expressions [16,17]. Therefore, iden-
tifying some key genes involved in the regulation of DNA
methylation in BC is of great significance.

DNA methyltransferase 3 beta (DNMT3B), as a
methyltransferase, acts on target genes to undergo methyla-
tion modifications [ 14]. It has been reported that DNMT3B
promoter methylation is associated with cancer type, tu-
mor size and histologic grade, suggesting that DNMT3B-
promoted methylation may become a biomarker for diagno-
sis and prognosis of BC [18,19]. DNMT3B has been con-
firmed to be upregulated in BC tissues compared with nor-
mal tissues [20]. DNMT3B is involved in the maintenance
of BC tumor stem cells, and is closely associated with tu-
mor proliferation and metastasis [21]. Liu et al. [22] found
that DNMT3B expression is higher in HER2-positive and
triple-negative BC than in Luminal BC. DNMT3B overex-
pression enhances the proliferative, invasive, and migra-
tory capabilities of T-47D (Luminal B type) and MDA-
MB-231 (triple-negative type) cells [23]. Furthermore,
DNMT?3B is highly expressed in MCF-7 and ZR-75-1 (Lu-
minal A type) cells [24]. Likewise, based on the Uni-
versity of Alabama at Birmingham Cancer Data Analysis
Portal (UALCAN) database (https://ualcan.path.uab.edu/),
we found that DNMT?3B is upregulated and F-box protein
31 (FBXO31) is downregulated in breast invasive carci-
noma, while FBXO31 methylation level is elevated. In
BC, FBXO031 as a tumor suppressor, is lowly expressed in
BC cells (such as T47D, MCF-7, MDA-MB-231, BT549,
SKBR3, and BT474), and participates in regulating ma-
lignant phenotype [25]. Additionally, recent research has
demonstrated that FBXO31 expression is downregulated in
breast tumor cell lines and primary tumors, and its ectopic
expression suppresses MCF-7 cell proliferation [26]. The
presence of a SmC site in FBXO31 has also been predicted
through RMBase database (https://rna.sysu.edu.cn/rmbase
/index.php). Nevertheless, whether DNMT3B can regulate
FBXO031 methylation to affect the progression of BC re-
mains poorly understood.

Collectively, this study focused on the role of
DNMT3B in FBXO31 methylation in BC. Through rel-
ative cellular experiments, we confirmed that DNMT3B
could downregulate FBXO31 via methylation modifica-
tion, which then promotes malignant phenotype of MCF-7
cells (Luminal A type, ER+, PR+, HER2-). These find-
ings may contribute to a deep understanding of the DNA
methylation-associated mechanism in the pathogenesis of
BC (Luminal A type) from a new perspective.

Materials and Methods

Bioinformatics

Data on the expression of DNMT3B and FBXO31 in
breast invasive carcinoma tissues (n = 1097) and normal
tissues (n = 114), as well as the FBXO31 methylation level
in carcinoma (n = 793) and normal tissues (n = 97), were
obtainable from the UALCAN databases (https://ualcan.p
ath.uab.edu/). In addition, the SmC site of FBXO31 was
predicted using the RMBase database (https://rna.sysu.edu
.cn/rmbase/index.php).

Cell Culture

Human BC cell lines MCF-7 (HTB-22), MDA-
MB-231 (CRM-HTB-26) and MDA-MB-453 (HTB-131),
along with the human normal mammary epithelial cells
MCF10A (CRL-10317) were all obtained from the Amer-
ican Type Culture Collection (Manassas, VA, USA).
All cells were cultured in Roswell Park Memorial In-
stitute (RPMI) medium (12633012, Thermo Fisher Sci-
entific, Waltham, MA, USA) at 37 °C with 5% COs.
The culture medium was supplemented with 1% peni-
cillin/streptomycin (60162ES76, Yeason, Shanghai, China)
and 10% fetal bovine serum (FBS, C0235, Beyotime,
Shanghai, China). All cells were authenticated by STR
identification and confirmed negative for mycoplasma.

Cell Transfection

The sense oligo and antisense oligo sequences of
DNMT3B/FBXO31 were inserted into a short hairpin RNA
(shRNA) expression vector (ZT001, Ribobio, Guangzhou,
China) to synthesize Sh-DNMT3B or Sh-FBXO31, while
the corresponding negative control (Sh-NC) was also ob-
tainable from the same source. After the cells cultured in a
96-well plate (1 x 104 cells/well) reached 90% confluence,
Lipofectamine™ 3000 transfection reagent (L3000001,
Thermo Fisher Scientific, USA) was applied to transfect
Sh-DNMT3B or Sh-FBXO031 into MCF-7 cells. Following
48-h incubation at 37 °C, transfection efficiency was de-
termined using quantitative real-time reverse transcription
polymerase chain reaction (QRT-PCR).

The sequences involved in this part were
listed as follows: Sh-DNMT3B, sense: 5'-
GGTGGATTATAGACAATAA-3, antisense, 5-
TTATTGTCTATAATCCACC-3’; Sh-FBXO31, sense:
5'-CGTTAGTTGTAGTTCTTTA-3/, antisense, 5'-
TAAAGAACTACAACTAACG-3'; Sh-NC, sense:
5'-CCTAAGGTTAAGTCGCCCTCGCTC-3’, antisense,

5'- GGATTCCAATTCAGCGGGAGCGAG-3'.

Methylation-Specific Polymerase Chain Reaction
(MSP)

The methylation level of FBXO31 in MCF-7 cells
following the transfection with Sh-DNMT3B was evalu-
ated by MSP assay. Genomic DNA was extracted using
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the DNeasy Blood & Tissue Kit (69504, Qiagen, Hilden,
Germany) and subsequently subjected to sodium bisulfite
conversion with the EpiTect fast bisulfite kit (59802,
Qiagen, Germany). Then, CpG islands around FBXO031
promoter region were identified using the UCSC genome
browser (http:/genome.ucsc.edu/).  Subsequently, the
FBXO031 methylation level in MCF-7 cells was quantified
by SYBR Green qMSP analysis. The Qmsp reaction
mixture, containing the DNA sample and a pair of specific
primers, was prepared with KAPA SYBR Fast qPCR kit
(07959362001, Roche, Basel, Switzerland). Amplification
was performed under the following conditions: 5 min at
94 °C, 30 s at 94 °C, 30 s at 55 °C, 30 s at 72 °C for
40 cycles; 4 min at 72 °C. Finally, the PCR products
were then separated by electrophoresed on 2% agarose
gels (G402022, Thermo Fisher Scientific, USA) and
visualized by ethidium bromide (15585011, Thermo
Fisher Scientific, USA) staining under a gel imager
(Chemi Doc XRS, Bio-Rad, Irvine, CA, USA). Besides,
methPrimer (http://www.urogene.org/methprimer/)
was applied to design two sets of qMSP primers
as follows: FBXO31 (methylated): forward, 5'-
ATAGTGGAGATCGATTTGAGGTATC-3’; re-
verse, 5'-TCCCATCTAAACCCTTACTAAACG-
3/, FBXO31 (unmethylated): forward, 5'-
TAGTGGAGATTGATTTGAGGTATTG-3/; reverse,
5'-TCCCATCTAAACCCTTACTAAACAC-3'. Relative
methylation level of FBXO31 was calculated by 2~24CT
method.

Chromatin Immunoprecipitation (ChIP)

The ChIP kit (26156, Thermo Fisher Scientific) was
used for this assay. In short, MCF-7 cells were cross-linked
with formaldehyde solution (F111939, Aladdin, Shanghai,
China), and chromatin fragments were obtained by micro-
bial nuclease (N128635, Aladdin, Shanghai, China) diges-
tion. Then, the harvested chromatin sample was incubated
with anti-DNMT3B (1:100, ab227883, Abcam, Cambridge,
UK) or negative control IgG (1:100, ab172730, Abcam,
UK) at 4 °C overnight, along with 20 uL of protein A/G
agarose. Following the elution of immunoprecipitation and
DNA recovery, the purified DNA was subjected to the PCR
analysis.

Quantitative Real-Time Reverse Transcription
Polymerase Chain Reaction (qRT-PCR)

Total RNA was isolated from BC cells using Trizol
Reagent (R0016, Beyotime, China), and reversely tran-
scribed into the first-strand complementary DNA (cDNA)
using cDNA synthesis kit (#1708890, Bio-Rad, USA).
Thereafter, the cDNA was subjected to qRT-PCR analysis
carried out with Fast SYBR™ Green Master Mix (4385612,
Thermo Fisher Scientific, USA) in AriaMx real-time PCR
instrument (G8830A, Agilent, Santa Clara, CA, USA). The
reaction was developed under the following conditions: at
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95 °C for 2 min, followed by 40 cycles at 95 °C for 3 s, and
60 °C for 30 s. Relative gene expression was determined
using the 2~ 2ACT method [27], with glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) normalized as the in-
ternal references.

The primer sequences were as follows: DNMT3B:
forward, 5'-CCAACAACACGCAACCAGAG-3'; reverse,

5'-CTGCCACAAGACAAACAGCC-3'. FBXO31: for-
ward, 5'-CTCCACCAAGTGCAACCAGA-3’; reverse,
5’-CATCACAATCTCCAGGCCGT-3'. GAPDH: for-

ward, 5'-CAGCCTCAAGATCATCAGCA-3’; reverse, 5'-
TGTGGTCATGAGTCCTTCCA-3'.

3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl-2H-
tetrazolium bromide (MTT) Assay

Viability of MCF-7 cells was determined by MTT as-
say kit (KGA311, Keygen Biotech, Nanjing, China). In
detail, the pre-prepared 50 uLL MTT was incubated with
MCF-7 cells (1 x 10* cells/well) at 37 °C for 4 h, af-
ter which 150 pL dimethyl sulfoxide (ST038, Beyotime,
China) was added into each well. Finally, optical density
(OD) at 490 nm was read by an Infinite M200 microplate
reader (30033109, Tecan, Ménnedorf, Switzerland). Rela-
tive cell Viability (%) = (ODExperimemal - ODbIank)/(ODCOntrol
*ODblank) x 100.

Flow Cytometry

Annexin V-FITC Apoptosis Detection Kit (CA1020,
Solarbio, Beijing, China) was employed to test MCF-7 cell
apoptosis. In short, 100 pL MCF-7 cell suspension was
added into 5 pL Annexin V-fluorescein isothiocyanate (V-
FITC) for 5-min incubation in the dark at room temper-
ature. Then, 5 uL propidium iodide and 400 pL phos-
phate buffered solution (PBS, P1022, Solarbio, China) were
added into the cell suspension. BD FACSAria™ Fusion
flow cytometer (657825, BD Biosicences, San Diego, CA,
USA) was immediately used to detect MCF-7 cell apopto-
sis, followed by analysis using BD FACSDiva™ software
(version 8.0, BD Biosicences, USA).

Transwell Assay

The upper Transwell chamber was pre-coated with (in-
vasion assay) or without (migration assay) 60 uL Matrigel
(356234, Solarbio, China), and 2 x 10° MCF-7 cells were
resuspended in serum-free RPMI 1640 medium (100 pL)
and then added into the upper Transwell chamber (8.0-pm
pore size, CLS3464, Corning Life Sciences, NY, USA) at
37 °C. RPMI 1640 medium (500 pL) with 10% FBS was
added into the lower chamber. After 24-h of incubation,
Matrigel and the cells on the upper chamber were removed
by cotton swabs. Then, the cells migrating or invading into
the lower chamber were fixed by 4% paraformaldehyde for
10 min at 4 °C and stained by crystal violet (G1062, Solar-
bio, China) for 30 min, followed by washing with PBS. The
numbers of migratory and invasive cells were counted un-
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der a Leica DM4 P microscope (15700129, Leica Microsys-
tems, Wetzlar, Germany) at X250 magnification. Relative
migration rate (%) = (Number of migrating cells in the treat-
ment group/Number of migrating cells in the control group)
x 100; Relative invasion rate (%) = (Number of invasive
cells in the treatment group/Number of invasive cells in the
control group) x 100.

Western Blotting

The total protein was isolated from MCF-7 cells
with RIPA Lysis Buffer (E-BC-R327, Elabscience, Wuhan,
China), the concentration of which was determined using
bicinchoninic acid (BCA) protein assay kit (C503021, San-
gon Biotech, Shanghai, China). After that, the protein sam-
ples were separated by 6—12% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) gels (PO012A,
Beyotime, China), and transferred onto polyvinylidene
fluoride (PVDF) membranes (F619536, Sangon Biotech,
China). The membranes were blocked with 5% non-fat
skim milk (D8340, Solarbio, China) diluted in Tris Buffered
Saline with Tween-20 (TBST, T1085, Solarbio, China) for
2 h at room temperature, and incubated with following pri-
mary (4 °C, overnight) and secondary (1 h, room tempera-
ture) antibodies: DNMT3B (1:100, ab2851, 97 kDa, Ab-
cam, UK), FBXO31 (1:1000, ab86137, 61 kDa, Abcam,
UK), BCL2 associated X (Bax) (1:1000, ab32503, 21 kDa,
Abcam, UK), B cell leukemia/lymphoma 2 (Bcl-2) (1:1000,
ab32124, 26 kDa, Abcam, UK), Ki67 (1:100, ab16667,
358 kDa, Abcam, UK), proliferating cell nuclear antigen
(PCNA) (1:1000, ab29, 29 kDa, Abcam, UK), and GAPDH
(1:1000, ab8245, 37 kDa, Abcam, UK); horseradish per-
oxidase (HRP) labeled anti-Rabbit IgG (1:1000, ab99697,
Abcam, UK) and anti-Mouse IgG (1:2000, ab6728, Abcam,
UK).

Finally, the proteins were detected using the Super
Signal West Dura Extended Duration Substrate (34076,
Thermo Fisher Scientific, USA) and imaged with the
Odyssey CLx infrared imaging system (LI-COR Bio-
sciences, Lincoln, NE, USA). Relative protein expression
level = the gray value of target protein/internal reference
protein. GAPDH was used as the internal reference protein.

Statistical Analyses

GraphPad Prism 8.0 statistical software (GraphPad
Software Inc., San Diego, CA, USA) was used for data anal-
ysis. Measurement data were expressed as mean =+ standard
deviation. The comparison of the data in this study was
performed using one-way analysis of variance, followed by
Tukey’s post hoc test. The data were statistically significant
when the p-value was below the threshold of 0.05.

Results

DNMT3B Expression was Upregulated While
FBXO31 Expression was Downregulated, and
Methylation Level of FBXO31 was Elevated in BC

We found that DNMT3B expression was higher
(Fig. 1A, p=1.62 x 10~12) while FBXO31 expression was
lower (Fig. 1B, p =1.62 x 10~'2) in carcinoma tissues than
in normal tissues. Also, it was obvious that methylation
level of FBXO31 was elevated in carcinoma tissues rela-
tive to the normal tissues (Fig. 1C, p < 1 x 10~'2). qRT-
PCR analysis revealed that DNMT3B expression level in
BC cell lines (MCF-7, MDA-MB-231, MDA-MB-453) was
upregulated compared with that in MCF10A cells (Fig. 1D,
p <0.001). Among the three breast cancer cell lines (MCF-
7, MDA-MB-231, MDA-MB-453), the expression level of
DNMT3B was the highest in MCF-7 cells. Therefore, we
chose the MCF-7 cells with the most significant expression
in this model for further in-depth mechanism studies.

DNMT3B Silencing Inhibited the Viability, Migration
and Invasion and Enhanced Apoptosis and FBXO31
Expression in MCF-7 Cells

To verify the specific effects of DNMT3B in BC
cells, DNMT3B mRNA or protein expression was manip-
ulated to be decreased in MCF-7 cells via successful trans-
fection of Sh-DNMT3B (Fig. 2A-C, p < 0.001). Fol-
lowing the interference of Sh-DNMT3B in BC cells, we
determined cell viability, apoptosis, migration, and inva-
sion. As revealed in Fig. 2D-I, decrease of viability, mi-
gration, and invasion as well as increase of apoptosis in
MCEF-7 cells were detected in response to the silencing of
DNMTS3B (p < 0.05), suggesting that DNMT3B strength-
ened the malignant phenotypes of BC cells. Besides, we
also measured apoptosis/proliferation-related protein ex-
pressions in Sh-DNMT3B-manipulated MCF-7 cells. In
accordance with the results in Fig. 3A-E, Sh-DNMT3B
upregulated Bax expression while downregulating Bel-2,
Ki67 and PCNA expressions in MCF-7 cells (p < 0.001),
indicating that DNMT3B silencing suppressed malignant
phenotypes of BC cells. Also, we evaluated the FBXO31
expression in Sh-DNMT3B-interfered MCF-7 cells. The
results from Western blot and qRT-PCR analyses exhibited
that FBXO31 mRNA/protein expression was enhanced af-
ter the silencing of DNMT3B (Fig. 3F-H, p < 0.001).

DNMT3B Silencing Diminished FBXO31
Methylation Level in MCF-7 Cells

The 5mC site of FBXO31 was predicted using
RMBase database, and the results were presented in
Fig. 4A. Thereafter, the FBXO31 methylation level in
Sh-DNMT3B-manipulated MCF-7 cells was evaluated by
MSP assay. Sh-DNMT3B diminished FBXO31 methyla-
tion level in MCF-7 cells (Fig. 4B,C, p < 0.001). These
findings provided strong evidence that DNMT3B indeed
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Fig. 1. DNMTS3B level was upregulated while FBXO31 level was downregulated, and FBXO031 methylation level was elevated in
BC. (A-C) The expression levels of DNMT3B and FBXO31 and methylation level of FBXO31 promoter in breast invasive carcinoma
(BRCA) through UALCAN databases (https://ualcan.path.uab.edu/). (D) DNMT3B expression levels in BC cell lines (MCF-7, MDA-
MB-231, MDA-MB-453) and human normal mammary epithelial cells (MCF10A) were tested by qRT-PCR. GAPDH was used as a
loading control. n = 3. ###p < 0.001 vs. MCF10A. DNMT3B, DNA methyltransferase 3 beta; FBXO31, F-box protein 31; BC,
breast cancer; UALCAN, University of Alabama at Birmingham Cancer Data Analysis Portal; qRT-PCR, quantitative real-time reverse

transcription polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; TCGA, The Cancer Genome Atlas.

regulated FBXO31 expression through methylation modifi-
cation. In addition, ChIP assay showed that the enrichment
of FBXO31 promoter was higher in anti-DNMT3B group
than that in anti-IgG group (Fig. 4D, p < 0.001), indicating
that DNMT3B interacts with FBXO31.

DNMT3B Silencing Reversed the Effects of FBX0O31
Silencing on the Viability, Apoptosis, Migration and
Invasion of MCF-7 Cells

Further, we delved into regulatory relationship be-
tween DNMT3B and FBXO31 in BC cells. Accordingly,
we transfected Sh-FBXO31 into MCF-7 cells to reduce
FBXO031 expression, the success of which was proved by
gqRT-PCR (Fig. 5A, p < 0.001). The results in Fig. 5B,D,E
revealed that FBXO31 silencing had no significant effect
on DNMT3B expression, and DNMT3B expression was

decreased in the Sh-DNMT3B+Sh-FBXO31 group (p <
0.001). The results in Fig. 5C,D,F revealed that FBXO31
level was elevated in MCF-7 cells transfected with Sh-
DNMT?3B and Sh-FBXO31 in comparison with that in Sh-
FBXO31-interfered MCF-7 cells (p < 0.01), confirming
that DNMT3B silencing promoted FBXO31 expression in
BC cells.

The subsequent assays of MTT (Fig. 5G), flow cy-
tometry (Fig. SH,I), and Transwell assay (Fig. 6A—C)
showed that Sh-FBXO31 promoted viability, migration,
and invasion, but repressed apoptosis of MCF-7 cells (p <
0.01), which were all reversed following the interference
of DNMT3B silencing (p < 0.01). Moreover, we addition-
ally detected apoptosis/proliferation-associated protein ex-
pressions to further verify the regulation of DNMT3B and
FBXO31 on malignant features of BC cells. According to
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Fig. 2. DNMTS3B silencing suppressed viability, invasion, and migration, but promoted apoptosis of MCF-7 cells. (A—C) DNMT3B
mRNA or protein expression was manipulated to be decreased in MCF-7 cells via successful transfection of Sh-DNMT3B, which was
verified by qRT-PCR analysis or Western blotting. GAPDH was used as a loading control. (D-I) Following the silencing of DNMT3B in
MCF-7 cells, the cell viability was determined by MTT assay (D), apoptosis was tested through flow cytometry (E,F), and migration and
invasion were measured by Transwell assay (G—I; scale: 50 um; magnification: x250). n=3. *p < 0.05, **p < 0.01, ***p < 0.001 vs.
Sh-NC. Sh-DNMT?3B, short hairpin RNA against DNMT3B; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide;

Sh-NC, short hairpin RNA of negative control.

the results of Western blotting, Bax expression was reduced
while Bcl-2, Ki67 and PCNA expressions in MCF-7 cells
were elevated following the FBXO31 silencing (Fig. 6D—
H, p < 0.001). The effects of FBXO31 silencing in MCF-
7 cells were offset by further treatment with Sh-DNMT3B
(Fig. 6D-H, p < 0.001).

Discussion

DNA methylation is vital in the regulation of gene
transcription [28], and its aberrant patterns may serve as
potential biomarkers in the diagnosis and treatment of can-
cers [29]. Notably, such alterations have been identified
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Fig. 3. DNMTS3B silencing promoted apoptosis while suppressing proliferation of MCF-7 cells. (A—E) Apoptosis/proliferation-

related protein expressions were measured in MCF-7 cells following the silencing of DNMT3B. GAPDH was used as a loading control.
(F-H) FBXO31 expression in Sh-DNMT3B-interfered MCF-7 cells was detected by qRT-PCR analysis or Western blotting. GAPDH
was used as a loading control. n = 3. ***p < 0.001 vs. Sh-NC. FBXO31, F-box protein 31; Bax, BCL2 associated X; Bcl-2, B cell

leukemia/lymphoma 2; PCNA, proliferating cell nuclear antigen.

in BC [30]; however, the underlying molecular mechanism
remain insufficiently. In this study, bioinformatic analy-
ses revealed downregulation of FBXO31 in BC and its up-
regulated methylation, alongside enhanced DNMT3B ex-
pression in BC. On this basis, we performed in-vitro ex-
periments to explore the specific roles of DNMT3B and
FBXO031 in MCF-7 cells (Luminal A subtype). This study
demonstrated that silencing DNMT3B inhibited malignant

phenotypes in MCF-7 cells, an effect associated with re-
duced FBXO31 methylation and increased FBXO31 ex-
pression. These findings indicate that DNMT3B may pro-
mote tumor progression by mediating epigenetic silencing
FBXO31 through DNA methylation.

As a DNA methyltransferase, DNMT3B is responsi-
ble for the regulation of DNA methylation [19]. Present
research has clarified the function of DNMT3B in dif-
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ferent cancers, including esophageal cancer [31], thyroid
cancer [32], and colorectal cancer [33]. Upregulation of
DNMT3B participates in the modulation of malignant phe-
notype of colorectal cancer [34]. Similarly, DNMT3B has
been proven to regulate PCDHI17 via methylation to af-
fect the malignant behaviors of hepatocellular carcinoma
[35]. DNMT3B, as one of the SmC regulators, is highly
expressed in BC and associated with dismal prognosis of
BC patients [22]. Intriguingly, DNMT3B can be recruited
by RAMP2-AS1 to the C-X-C Motif Chemokine Ligand

11 (CXCL11) promoter region to regulate CXCL11 methy-
lation and thus suppress the malignant phenotype of BC
[36]. These findings prompted us to investigate whether
DNMT3B can have an impact on malignant phenotype of
BC through mediating the methylation levels of some novel
genes. In the present study, we firstly confirmed that via-
bility, migration, and invasion of BC cells were suppressed
while the apoptosis was enhanced following the knock-
down of DNMT3B, which indicated that DNMT3B silenc-
ing suppressed malignant phenotype of BC cells. To fur-
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ther validate these observations, we examined the expres-
sion of key apoptosis and proliferation markers. Bax is a
proapoptotic protein while Bcl-2 is an anti-apoptotic protein
[37]. Ki67 and PCNA are considered as the proliferation-
related markers for the diagnosis of BC [38]. These findings
demonstrate that DNMT3B silencing attenuates the malig-
nant phenotype of Luminal A subtype BC cells by enhanc-
ing apoptosis and reducing proliferation, migration, and in-
vasion.

Furthermore, we delved into the downstream genes
of DNMT3B in MCF-7 cells and the function of FBXO31
in BC. FBXO31 has garnered increasing attention in re-
cent years due to its involvement in BC. FBXO31 has been
demonstrated to be downregulated in BC and serves as
a tumor-inhibitory gene, regulating proliferation and mi-
gration in BC [25]. Consistent with these findings, our
preliminary bioinformatics also revealed that the expres-
sion of FBX031 was reduced in BC and its methylation
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level was upregulated. However, the mechanism underly-
ing FBXO31 methylation and its regulation by DNMT3B
in BC remain poorly understood. In the present study, the
presence of a SmC site in FBXO31 was firstly confirmed
by bioinformatics, denoting that DNMT3B may regulate
FBXO031 via methylation modifications to affect the malig-
nant phenotype of BC. Subsequently experimental valida-

tion demonstrated that FBXO31 methylation level was re-
duced following the knockdown of DNMT3B and restored
its expression in MCF-7 cells. These data suggested that
DNMT?3B can downregulate FBXO31 expression via pro-
moting FBXO31 methylation. On the other hand, we con-
firmed the promoted malignant phenotype of BC following
the silencing of FBXO031, suggesting that FBXO31 played
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a negative role in the progression of BC. In addition, the
effects of FBXO31 silencing on MCF-7 cells were all oft-
set by DNMT3B deletion, indicating the regulatory rela-
tionship of DNMT3B and FBXO31. Accordingly, we pre-
liminarily concluded that DNMT3B silencing upregulated
FBXO031 expression via reducing its methylation level, and
inhibited the malignant phenotype of MCF-7 cells.

Nevertheless, this study has several limitations. First,
this research is limited to MCF-7 cells (Luminal A sub-
type), while BC exhibits significant molecular heterogene-
ity, and the regulatory mechanisms of this pathway in
other subtypes (such as Luminal B, HER2 positive, and
triple-negative BC) have not been pinpointed. Future re-
search needs to comprehensively verify the function of the
DNMT3B and FBXO31 in BC cell models of different
molecular subtypes. Second, the current research findings
mainly are based largely on in vitro cell experiments, lack-
ing validation from clinical samples (such as tissue expres-
sion profiles, methylation status and correlation analysis
with clinical pathological characteristics) and validation in
animal models. Future studies integrating clinical sample
analysis and animal experiments will be essential to com-
prehensively evaluate the biological significance and poten-
tial translational value of this pathway. Third, the upstream
regulators and downstream effectors of DNMT3B in this
context remain incompletely characterized, which warrants
further elucidation.

Conclusions

In conclusion, our study confirms the regulation of
DNMT3B on FBXO31 methylation in BC. Collectively,
DNMT?3B silencing alleviates malignant phenotypes of Lu-
minal A BC cells by suppressing FBXO31 methylation,
which paves the way for the potential therapeutic strategies
in Luminal A BC.
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