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Background: DNA (cytosine-5-)-methyltransferase 3 beta (DNMT3B) can promote the development of oral squamous cell car-
cinoma (OSCC), while glutathione peroxidase 3 (GPX3) can inhibit it. In this study, we aimed to investigate the underlying
mechanism by which DNMT3B and GPX3 influence OSCC.

Methods: Bioinformatics was used to analyze the expression patterns of DNMT3B and GPX3 in head and neck squamous cell
carcinoma (HNSC), as well as the methylation sites in the promoter region of GPX3. Additionally, various cellular assays were
conducted to assess the proliferation, migration, invasion, and apoptosis of OSCC cells including colony formation, Transwell®,
and flow cytometry analyses. The levels of DNMT3B, GPX3, and factors related to the Jun N-terminal kinase (JNK)/c-JUN axis
were quantified using quantitative real-time polymerase chain reaction (QRT-PCR) and Western blot. The methylation of the
GPX3 promoter and the interaction between DNMT3B and the GPX3 promoter were evaluated through quantitative methylation-
specific PCR and chromatin immunoprecipitation-PCR assays.

Results: The analysis revealed elevated expression of DNMT3B and reduced expression of GPX3 in HNSC. Additionally, methy-
lation sites were identified in the promoter region of the GPX3 gene. Further investigation demonstrated that silencing DNMT3B
suppressed the proliferation, migration, and invasion of OSCC cells while promoting apoptosis. This was accompanied by an
increase in GPX3 level and dephosphorylation of the JNK and c-JUN signaling pathways. DNMT3B was found to directly bind
to the promoter of the GPX3 gene. Overexpression of GPX3 inhibited the proliferation, migration, and invasion of OSCC cells
and promoted apoptosis. It also suppressed the JNK/c-JUN pathway. Conversely, silencing GPX3 had the opposite effects and
counteracted the effects of DNMT3B silencing.

Conclusions: After inhibiting DNMT3B, the expression of GPX3 is upregulated, which may suppress the progression of OSCC.

Keywords: oral squamous cell carcinoma; methylation; DNA (cytosine-5-)-methyltransferase 3 beta; glutathione peroxidase 3; JNK/c-
JUN signaling pathway

Introduction ification plays a pivotal role in several biological processes
[5]. The enzyme DNA (cytosine-5-)-methyltransferase 3

The oral cavity is estimated to be the sixth most preva- beta (DNMT3B) is the major de novo DNA methyltrans-

lent anatomical location affected by tumors, with approxi- ferase expressed during early embryonic development. It
mately 275,000 new oral cancer cases reported globally [1]. serves as the principal enzyme responsible for methylat-
Oral squamous cell carcinoma (OSCC) is the predominant ing the intragenic regions of actively transcribed genes [6].
histological subtype of oral cavity cancers, usually associ- Recent studies have further elucidated the implications of

ated with a poor prognosis [2]. The standard treatment for =~ DNMT3B in DNA methylation, revealing its ability to mod-
OSCC involves the surgical resection of the tumor from the ulate diverse biological functions, including those related
healthy tissue, and in advanced cases, the surgical removal ~ to cancer [7,8]. DNMT3B and OCT4 expressions have
of lymph nodes in the neck is also necessary. However, been underlined to regulate the hepatocellular carcinoma
this approach can result in significant mutilation and a de-  cell resistance to sorafenib [9]. DNMT3B deficiency re-
creased quality of life for patients, highlighting the need for ~ Presses bladder cancer cells to migrate and invade by upreg-

novel prognostic markers to better serve these patients [3,4].  ulating microRNA (miR)-34a [10]. The participations of
DNA methylation and DNMT3B have also been evidenced

in OSCC[11,12]. The objective of this research is to further
evaluate the possible mechanisms implicated.

DNA methylation, the covalent addition of methyl
groups to the 5-carbon of cytosine rings, is a naturally oc-
curring process in eukaryotic species. This epigenetic mod-
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Table 1. Sequences used for transfection.
Gene Sequence (5’-3%)
shDNMT3B sense oligo CCGGAGCTGTCCGAACTCGAAATAACTCGAGTTATTTCGAGTTCGGACAGCTTTTTTG

shDNMT3B antisense oligo
shGPX3 sense oligo
shGPX3 antisense oligo
shNC sense oligo

shNC antisense oligo

AATTCAAAAAAGCTGTCCGAACTCGAAATAACTCGAGTTATTTCGAGTTCGGACAGCT
CCGGTGGAGGCTTTGTCCCTAATTTCTCGAGAAATTAGGGACAAAGCCTCCATTTTTG
AATTCAAAAATGGAGGCTTTGTCCCTAATTTCTCGAGAAATTAGGGACAAAGCCTCCA
CCGCGAAATCGAGTTCGGACAGCTTTTTTGAGCGTCCGATGACTAACTCGAGTTATTT
AATTCAAAATCGAAATAACTCGAGTTATTTCGAGTTCGGACAGCTAAGCTGCGAACTC

DNMT3B, DNA (cytosine-5-)-methyltransferase 3 beta; GPX3, glutathione peroxidase 3.

Besides random distribution across the genome,
cytidine-phosphate-guanosine (CpG) dinucleotides are sig-
nificantly underrepresented in mammalian genomes [13].
Most CpG dinucleotides are methylated, while some are
clustered with lower methylation levels, referred to as CpG
islands [14,15]. Among the genes known to be related
to oral cancer, the database highlights glutathione perox-
idase 3 (GPX3) as particularly noteworthy. This is sug-
gested by the increase in GPX3 expression following treat-
ment with the DNA methyltransferase inhibitor 5-aza-2'-
deoxycytidine (5-AzC), whose demethylation exerts a ther-
apeutic impact on OSCC [16,17]. GPX3 is a highly con-
served protein that has been extensively studied and con-
firmed to act as a tumor suppressor in multiple cancer types,
including OSCC [18,19]. Based on the predictions of bioin-
formatic tools, the promoter region of GPX3 appears to
contain CpG islands, suggesting the potential for methy-
lation modifications of GPX3. Given the lack of reported
evidence on the methylation modification of DNMT3B on
GPX3 in cancers, we initiated our research to confirm such
modifications of DNMT3B on GPX3 and to evaluate the in-
teraction between DNMT3B and GPX3 in OSCC, both of
which are the major objectives of our study.

Materials and Methods

Bioinformatics

GPX3 expression was analyzed using the dataset
GSE38823 from the Gene Expression Omnibus (GEO, http
s://www.ncbi.nlm.nih.gov/geo/) [16]. Data from The Can-
cer Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/)
were used to analyze the expressions of DNMT3B and
GPX3 in head and neck squamous cell carcinoma (HNSC).
Additionally, the potential methylation modification on the
GPX3 promoter region was investigated using MethPrimer
(https://www.urogene.org/methprimer/) [20].

Cell Culture

The human OSCC cell lines CAL27 (CBP60427, Co-
bioer, Nanjing, China) and HN-4 (BioVector NTCC, Bei-
jing, China) were grown in Dulbecco’s Modified Eagle’s
Medium (DMEM) (90113, Solabio Lifesciences, Beijing,
China) supplemented with 10% fetal calf serum (FCS)
(89020, Solarbio Lifesciences, Beijing, China) and 1% an-

tibiotics (P1400, Solarbio Lifesciences, Beijing, China).
The human embryonic kidney cell line 293T (CBP64039,
Cobioer, Nanjing, China) was maintained in the same con-
ditions for lentivirus preparation. All cells were cultured in
an incubator at 37 °C and 5% COy. They were routinely
tested for short tandem repeat (STR) identification and my-
coplasma contamination, and confirmed to be mycoplasma-
free.

Lentivirus Preparation and Infection

The cDNA reference sequences of DNMT3B
(NM_006892.4) and GPX3 (NM_002084.5) were obtained
from the National Center for Biotechnology Information
(NCBI, Bethesda, MD, USA). The sequences of DNMT3B
and GPX3 short hairpin RNAs (shRNAs), and the control
shRNA (shNC), which were available in Table 1, were
inserted into the lentiviral backbone vector pFH-L (Holly-
bio, Shanghai, China). Meanwhile, DNMT3B and GPX3
cDNAs were amplified, and the polymerase chain reaction
(PCR) fragments were cloned into another lentivirus
vector pGC-FU-3FLAG-IRES-Puromycin (GeneChem,
Shanghai, China).

The vectors were then transfected into 293T cells us-
ing Lipofectamine™ 2000 transfection reagent (11668-500,
Invitrogen, Carlsbad, CA, USA) along with the helper con-
structs. For the lentivirus infection, CAL27 and HN-4 cells
were seeded in a 6-well plate (5 x 10° cells/well) and
infected with the lentivirus at a multiplicity of infection
(MOI) of 15 PFU/cell and the overexpression lentivirus at
an MOI of 30 PFU/cell for 48 h before the assessments
[21,22].

DNA Extraction and Quantitative
Methylation-Specific PCR (qMSP) Analysis

These assays were performed in line with a previous
study [23]. Following DNA extraction using the DNeasy
Blood & Tissue kit (69504, Qiagen, Hilden, Germany), the
genomic DNA underwent bisulfite modification with the
Epitect Bisulfite kit (59104, Qiagen, Hilden, Germany).
The modified DNA amplification was achieved using the
AmpliTaq Gold Fast PCR kit (4390937, Applied Biosys-
tems, Carlsbad, CA, USA) and the LightCycler 2.0 (Roche
Diagnostics, Mannheim, Germany) was used to perform
PCR amplification with the methylated (M) and unmethy-
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lated (U) promoter sequences of GPX3 under the following
conditions: 95 °C for 10 min, followed by 35 cycles of 96
°Cfor3s,59°C for3s, 68 °C for 15 s, and 72 °C for 10 s.

The amplified products were analyzed using 1%
agarose gel electrophoresis. The primers (5'-3’) used
were:  GPX3-methylated forward, TTGTTTTGGTTG-
TAATGGAGATC; reverse, TAAAAATCAAATCCC-
TATAAACGTA; GPX3-unmethylated forward, AAGA-
GAAGTCGAAGATGGAC; reverse, GGAGTTCTTTAG-
GAAAGTGTAG.

Chromatin Immunoprecipitation-PCR (ChIP-PCR)
Assay

The Pierce™ Agarose ChIP kit (26156, ThermoFisher
Scientific, Waltham, MA, USA) was used for this as-
say, following the manufacturer’s protocol [24]. Specifi-
cally, the OSCC cell lines CAL-27 and HN-4 were cross-
linked using 1% formaldehyde (F111939, Aladdin, Shang-
hai, China), and micrococcal nuclease (N128635, Aladdin,
Shanghai, China) was employed to shear the chromatin
in a water bath at 37 °C. Following the termination of
the reaction, the harvested chromatin sample was incu-
bated overnight at 4 °C with the primary antibodies against
DNMT3B (ab227883, Abcam, Cambridge, UK) and GPX3
(ab275965, Abcam, Cambridge, UK), along with 20 pL of
protein A/G agarose. An antibody against IgG was used
as a control. Following the elution of immunoprecipita-
tion and DNA recovery, the purified DNA was subjected to
the PCR analysis. The promoter sequences of GPX3 used
for this assay (5'-3") were: forward, TGTCTCCCCTAAA-
GAAATAG; reverse, CTAGTGACCCTCAAAATAGG.

Transwell® Assay

Cell migration and invasion assays were performed
using Transwell® chambers (8-um pore; 3422, Corning,
Inc., Corning, NY, USA) coated with Matrigel (for inva-
sion test) (M8371, Solarbio Lifesciences, Beijing, China)
or not (for migration test).

For the migration assay, 1 x 10° OSCC cells were
maintained in serum-deprived medium in the upper Tran-
swell® chamber, while the lower chamber contained com-
plete medium with 10% FCS. After incubation for 48 h,
cells in the upper chamber were removed with a cotton
swab, and those in the lower chamber were fixed with 4%
paraformaldehyde (P0099, Beyotime, Shanghai, China) at
4 °C for 20 min. Subsequently, cells were stained with
0.1% crystal violet (C8470, Solarbio Lifesciences, Beijing,
China) at 25 °C for 30 min and observed under a light mi-
croscope (DP27, Olympus, Tokyo, Japan) at a total mag-
nification of x250. Cells in five randomly selected fields
were counted and averaged. For the invasion assay, similar
procedures were conducted, except that the upper chamber
was additionally coated with Matrigel [25].
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Table 2. Primer sequences used for qRT-PCR.

Gene Sequence (5’-3%)
DNMT3B
Forward AGTGGTTAATAAGTCGAAGG
Reverse ACACAGTGCAGTAAGACTGA
GPX3
Forward AAGAGAAGTCGAAGATGGAC
Reverse GGAGTTCTTTAGGAAAGTGTAG
GAPDH
Forward CCTCAACTACATGGTTTACA
Reverse TGTTGTCATACTTCTCATGG

qRT-PCR, quantitative real-time polymerase chain re-
action; GAPDH, glyceraldehyde-3-phosphate dehy-

drogenase.

Flow Cytometry Assay

The OSCC cells designated for the apoptosis test were
dissociated using EDTA-deprived trypsin (T1350, Solarbio
Lifesciences, Beijing, China) and subsequently centrifuged
at 300 xg for 5 min at 4 °C. After washing, the cells were
centrifuged under the same conditions and adjusted to a
concentration of 1 x 105 cells. After resuspension in 1x
binding buffer (100 uL), the cells were incubated with a
mixture of 5 pLL Annexin V-FITC and 10 pL PI staining so-
lution provided with the kit (40302ES20, Yeason, Shang-
hai, China) for 15 min at room temperature in darkness. Fi-
nally, 1x binding buffer (400 pL) was added to the cells,
and the results were analyzed using a CytoFLEX flow cy-
tometer (Beckman Coulter, Indianapolis, IN, USA) along
with its associated software.

Colony Formation Assay

Cell proliferation of OSCC was assessed using a
colony formation assay. Specifically, OSCC cells (1 x 10%)
were plated in a 6-well plate for a 14-day culture period.
Upon visible colony formation, the culture medium was dis-
carded, followed by cell fixation using 4% paraformalde-
hyde and staining with 200 pL of crystal violet. Subse-
quently, the colonies were visualized and quantified using
a digital camera (D500, Nikon, Tokyo, Japan).

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted from OSCC cells using a
specific kit (DP419, TianGen, Beijing, China). The quan-
tity and quality of the extracted RNA were assessed us-
ing a UVS5 spectrophotometer (Mettler Toledo, Columbus,
OH, USA). Complementary DNA (cDNA) was synthesized
using a kit (KR103, TianGen, Beijing, China). Quantita-
tive real-time PCR (qRT-PCR) was conducted using a 7500
Fast Real-Time PCR System (4351107, Applied Biosys-
tems, Carlsbad, CA, USA) under the following thermocy-
cling conditions: 94 °C for 3 min, 30 cycles of 94 °C for
30 s, 55 °C for 30 s and 72 °C for 1 min, and 72 °C for 5


https://www.biolifesas.org/

Journal of

BIOLOGICAL REGULATORS
4024 and Homeostatic Agents
A Volcano plot
GSE38823: Gene expression profiling of oral
cancer cell lines with or...
no-AzC vs AzC, Padj<0.05
ID ; ILMN_1726666
Gene.symbol | GPX3
o] Genedtitle | glutathione peroxidase 3
log2(fold change) | -0.916
‘g‘ -log10(Pvalue) : 4.868
i '
V V I;gz(;old ;hange) ‘ )
Expression of DNMT3B in HNSC based on Sample types Expression of GPX3 in HNSC based on Sample types
67 p<1E-12 8007 p=2.3322E-10
14
12 600 :
c i c i
2 i 2 :
Z 10 E
3 1 5 i
2 g4 ! 2 400
2 | 2
5 S
g o g
o i
= =
44 200 -1
2 i !
0 . 0 '
Normal Primary tumor Normal Primary tumor
(n=44) (n=520) (n=44) (n=520)
TCGA samples TCGA samples
C
L)
w o
T 00
t
5 2
g
Qo
oN
<
1000 bp 1500 bp 2000 bp|
CpG (O TR RII AR e[| B9 I
Fil—llr1
F2l—lr2
F3l—Hlr3
F¢ l—llre
Fsl—lrs
Input Sequence Bisulfite PCR primer _ MSP Primer Set CpG Island
I [ R o | Methylated-Specific mB————m
Unmethylated-Specific O————m>

Fig. 1. Expression patterns of DNMT3B and GPX3 in HNSC and the possible methylation of GPX3. (A) The expression pattern
of DNMT3B is based on the dataset GSE38823 from GEO (https://www.ncbi.nlm.nih.gov/geo/). The red color of the horizontal axis
indicates the gene expression with negative log2 (fold change), and the blue color indicates the gene expression with positive log2
(fold change). (B) The expression patterns of DNMT3B and GPX3 are based on the data from the TCGA database (https://portal.gdc
.cancer.gov/). (C) The existence of cytidine-phosphate-guanosine (CpG) islands within the promoter sequence of GPX3 is confirmed
by MethPrimer (https://www.urogene.org/methprimer/). Abbreviations: HNSC, head and neck squamous cell carcinoma; GEO, Gene
Expression Omnibus; TCGA, The Cancer Genome Atlas.
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Fig. 2. Impact of shDNMT3B upon the expression of both DNMT3B and GPX3 and the possible methylation of GPX3. (A,B)
Quantification of DNMT3B mRNA levels in OSCC cell lines (CAL27 and HN-4) following the silencing of DNMT3B through qRT-
PCR (GAPDH as the housekeeping control). (C—G) The protein levels of DNMT3B and GPX3 in OSCC cell lines (CAL27 and HN-4)
after the silencing of DNMT3B using Western blot. GAPDH was used as the internal control. (H) The methylation levels of the GPX3
promoter (QMSP assay). (I,J) The binding between DNMT3B and GPX3 promoters in OSCC cell lines (CAL27 and HN-4) using ChIP-
PCR assay. All data from three independent tests were presented as mean 4= SD. ***p < 0.001 vs sShNC; “'p < 0.01, "'p < 0.001 vs
anti-IgG. Abbreviations: Con, Control; shNC, short hairpin RNA negative control; ss\DNMT3B, DNMT3B-specific short hairpin RNA;
gMSP, quantitative methylation-specific PCR; ChIP-PCR, chromatin immunoprecipitation-PCR; GAPDH, glyceraldehyde-3-phosphate

dehydrogenase; M, methylation; U, unmethylation; OSCC, oral squamous cell carcinoma.

min. The mRNA expression levels were quantified using
the 27 2AC method [26]. The primer sequences used in the
qRT-PCR are provided in Table 2.

Western Blotting

Total protein was isolated using radioimmunoprecipi-
tation assay (RIPA) lysis buffer (89901, ThermoFisher Sci-
entific, Waltham, MA, USA) and its concentration was de-
termined with the bicinchoninic acid (BCA) protein assay

kit (23225, ThermoFisher Scientific, Waltham, MA, USA).
The protein samples were separated by SDS-PAGE (P1200,
Solarbio Lifescience, Beijing, China) and transferred onto
a polyvinylidene difluoride (PVDF) membrane (YA1701,
Solarbio Lifescience, Beijing, China). The membrane was
then incubated with primary antibodies against DNMT3B
(ab2851, 97 kDa, 1:2000, abcam, London, UK), GPX3
(ab275965, 26 kDa, 1:1000, abcam, London, UK), phos-
phorylated (p)-Jun N-terminal kinase (JNK, ab215208, 48
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Fig. 3. Impact of shiDMNT3B on OSCC cell invasion and migration. (A—F) The role of DNMT3B silencing in the invasion and
migration of OSCC cell lines (CAL27 and HN-4) using Transwell® assay. Total magnification: x250. Scale bar =50 pm. All data from
three independent tests were presented as mean + SD. *p < 0.05, ***p < 0.001 vs shNC.

kDa, 1:1000, abcam, London, UK), JNK (ab110724, 48
kDa, 1:2000, abcam, London, UK), p-c-JUN (ab32385,
36 kDa, 1:2000, abcam, London, UK), c-JUN (ab32137,
36 kDa, 1:2000, abcam, London, UK), and the house-
keeping control glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH, ab8245, 36 kDa, 1:2000, abcam, Lon-
don, UK) overnight at 4 °C. Subsequently, the membrane
was incubated with horseradish peroxide (HRP)-conjugated
secondary antibodies against rabbit IgG (SE134, 1:2000,
Solarbio Lifesciences, Beijing, China) and mouse IgG
(SE131, 1:2000, Solarbio Lifesciences, Beijing, China).
After washing with TBST (28360, ThermoFisher Scien-
tific, Waltham, MA, USA), the protein bands were visu-
alized using an ECL visualization substrate (32106, Ther-
moFisher Scientific, Waltham, MA, USA). The Chemi-
Doc Imaging system (Bio-Rad Laboratories, Hercules, CA,
USA) and Image] (version 1.48, National Institutes of
Health, Bethesda, MA, USA) were used to analyze the gray
value data, with GAPDH serving as the loading control
[27].

Statistical Analysis

The values of the three independent tests were ex-
pressed as the mean + standard deviation (SD). Statisti-
cal analyses were performed using GraphPad 8 (Graph-
Pad, Inc., La Jolla, CA, USA). Differences among or be-
tween groups were addressed using one-way analysis of
variance (ANOVA) or independent samples ¢-test, with post
hoc Bonferroni test. Statistical significance was defined as
a p-value less than 0.05.

Results

Expression Patterns of DNMT3B and GPX3 in
HNSC and the Possible Methylation Modification in
the GPX3 Promoter

To further investigate the implications of DNMT3B
and GPX3 in OSCC and the possible role of GPX3 in
DNMT3B-mediated methylation, the expression patterns of
these genes were analyzed based on the dataset GSE38823
from GEO (Fig. 1A) and TCGA (Fig. 1B,C). The anal-
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Fig. 4. Impact of shDNMT3B on OSCC cell apoptosis and proliferation. (A—C) The influence of DNMT3B silencing on the apoptosis
of OSCC cell lines (CAL27 and HN-4) using flow cytometry. (D-F) The influence of DNMT3B silencing on the proliferation of OSCC
cell lines (CAL27 and HN-4) using colony formation assay. All data from three independent tests were presented as mean &+ SD. **p <

0.01, ***p < 0.001 vs shNC.

ysis revealed that the expression level of GPX3 was ele-
vated following treatment with the DNA methylation in-
hibitor 5-AzC (Fig. 1A). Additionally, the analysis showed
that DNMT3B expression was significantly higher (p < 1
x 10712) (Fig. 1B) in HNSC samples (n = 520) compared
to normal samples (n = 44). Conversely, GPX3 expression
was significantly lower (p = 2.3322 x 10719) (Fig. 1B) in
HNSC samples compared to normal samples. Further in-
vestigation using the MethPrimer tool confirmed the pres-
ence of CpG islands within the promoter sequence of the
GPX3 gene (Fig. 1C), revealing the possible methylation
modification of GPX3.

Impacts of shDNMT3B upon the Expressions of both
DNMT3B and GPX3 and the Methylation of GPX3 in
OSCC Cells

We subsequently analyzed the expression levels of
DNMT3B and GPX3 in OSCC cell lines CAL27 and HN-
4 following the silencing of DNMT3B. We also measured
the methylation level of the GPX3 gene. The results
showed that silencing DNMT3B (shDNMT3B) significantly
repressed the expression of DNMT3B but promoted the ex-
pression of GPX3 (p < 0.001) (Fig. 2A—G). Furthermore,
the gMSP and ChIP-PCR assay results suggested that de-
pletion of DNMT3B could substantially reduce the methy-
lation of the GPX3 promoter (Fig. 2H). Additionally, the
ChIP-PCR data indicated that DNMT3B could directly bind
to the promoter region of GPX3 (p < 0.01) (Fig. 2LJ).
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Impact of shDMNT3B on the Invasion, Migration,
Apoptosis, and Proliferation of OSCC Cells

The impact of DNMT3B silencing on OSCC cell in-
vasion and migration was evaluated using the Transwell®
assay. The results showed that the capacities of CAL27 and
HN-4 cells to invade and migrate were significantly dimin-
ished after silencing DNMT3B (p < 0.05) (Fig. 3A-F).

Using flow cytometry (Fig. 4A—C) and colony forma-
tion assays (Fig. 4D-F), we further confirmed that the de-
pletion of DNMT3B could accelerate the apoptosis and re-
strain the proliferation of OSCC cells CAL27 and HN-4 (p
< 0.01) (Fig. 4A-F).

Impact of shDNMT3B on the JNK Signaling Pathway
in OSCC Cells

The involvement of the JNK signaling pathway in
OSCC has been evidenced [28]. Therefore, we hypothe-
sized that the INK pathway may be implicated in the mech-
anism by which shDNMT3B influenced OSCC and that the
levels of JNK signaling pathway-related factors would be
diminished in the OSCC cell lines CAL27 and HN-4 fol-
lowing the depletion of DNMT3B. It was observed that the
phosphorylation levels of INK and c-JUN in these cells
were significantly decreased after silencing DNMT3B (p <
0.01) (Fig. SA-E).

Impacts of GPX3 on the Invasion, Migration,
Apoptosis, and Proliferation of OSCC Cells

Here, we explored the impact of GPX3 on OSCC. We
successfully transfected overexpression and silencing vec-
tors of GPX3 into OSCC cell lines CAL27 and HN-4 (p
< 0.001) (Fig. 6A,B). Subsequently, we investigated how
GPX3 influences OSCC cell invasion and migration using
Transwell® assay. The results showed that overexpression
of GPX3 could block OSCC cell invasion and migration,
while GPX3 deficiency had the opposite effect (p < 0.001)
(Fig. 6C-H).

The apoptosis rate of OSCC cells was significantly
increased following the overexpression of GPX3. Con-
versely, silencing GPX3 had the opposite effect (p < 0.01)
(Fig. 7A—C). Additionally, the colony formation assay re-
sults indicated that overexpression of GPX3 reduced while
GPX3 silencing increased the number of colonies formed in
both OSCC cell lines (p < 0.001) (Fig. 7D-F).

Impact of GPX3 on the JNK Signaling Pathway in
OSCC Cells

The roles of GPX3 in the JNK signaling pathway were
investigated using Western blot analysis. The results re-
vealed that the overexpression of GPX3 inhibited the phos-
phorylation of JNK and c-JUN in both OSCC cell lines.
Conversely, silencing GPX3 led to contrasting effects on
the phosphorylation of JNK and c-JUN in the same OSCC
cell lines (p < 0.05) (Fig. 8A-E).
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Fig. 5. Impact of shDNMT3B on the Jun N-terminal kinase
(JNK)/c-JUN signaling pathway in OSCC cells. (A-E) Effect
of DNMT3B silencing on JNK/c-JUN signaling pathway-related
factors (p-JNK, JNK, p-c-JUN and c-JUN) in OSCC cell lines
(CAL27 and HN-4) using Western blot. GAPDH was employed
as the housekeeping gene. All data from three independent tests
were presented as mean = SD. **p < 0.01, ***p < 0.001 vs shNC.

Reversing the Effects of sShDNMT3B on the Invasion,
Migration, Apoptosis, and Proliferation of OSCC
Cells through shGPX3

This study investigates the interaction between
DNMT3B and GPX3 in OSCC cells. The findings revealed
that the effects of DNMT3B silencing on OSCC cell inva-
sion and migration were reversed by silencing GPX3 (p <
0.01) (Fig. 9A-F). Additionally, the results of flow cytom-
etry and colony formation assays suggested that the silenc-
ing of GPX3 attenuated the effects of DNMT3B silencing
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Fig. 9. Reversing the effects of shDNMT3B on the invasion and migration of OSCC cells through shGPX3. (A-F) The effects
of both DNMT3B and GPX3 silencing on OSCC cell (CAL27 and HN-4) invasion and migration using Transwell® assay. Total mag-
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shDNMT3B+shNC.

on both apoptosis and proliferation of OSCC cells (p <
0.01) (Fig. 10A-F). Furthermore, the study demonstrated
that the impacts of DNMT3B silencing on the protein ex-
pressions of GPX3 and JNK signaling pathway-related fac-
tors (phosphorylated JNK and c-JUN) were reversed by si-
lencing GPX3 (p < 0.001) (Fig. 11A-G).

Discussion

Previous research has examined the potential impli-
cations and effects of DNMT3B and GPX3 in OSCC.
These studies have suggested a tumor-promotive effect for
DNMT3B and a tumor-repressive function for GPX3 in
OSCC[12,19]. In this work, we aimed to further investigate
the link between these two genes in OSCC. Based on bioin-
formatics analyses, we found that DNMT3B expression was
elevated, while GPX3 expression was reduced, in HNSC.
Additionally, the promoter region of GPX3 contains CpG
islands, suggesting potential epigenetic regulation. Our re-
sults confirm that silencing DNMT3B can demethylate the

GPX3 promoter, leading to the repression of OSCC cell pro-
liferation, migration, and invasion, while promoting apop-
tosis in CAL27 and HN-4 cell lines through mediating JNK
signaling pathway. These findings provide further evidence
for the DNMT3B-mediated DNA methylation and the inter-
action between DNMT3B and GPX3 in OSCC.

De novo DNMT3B-mediated DNA methylation at cy-
tosines is crucial for genome regulation and development,
with its dysfunction implicated in various diseases, includ-
ing cancer [29]. In addition to the documented biological
effects of DNMT3B on tumor cell proliferation, migration,
and invasion, the overexpression of DNMT3B can lead to
a hypermethylator phenotype in human cancer cells like
breast cancer [30,31]. This overexpression also plays a sig-
nificant role and holds predictive value in the prognosis of
oral cancer [30—32]. Building on previous findings regard-
ing DNMT3B’s potential role in different cancers, including
oral cancer, where DMNT3B silencing represses the migra-
tion and invasion of bladder cancer cells [10,12,33], we ad-
ditionally confirmed that DNMT3B was higher-expressed
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Fig. 10. Reversing the impact of shDNMT3B on the apoptosis and proliferation of OSCC cells by shGPX3. (A—C) The roles of
both DNMT3B and GPX3 silencing in the apoptosis of OSCC cell lines (CAL27 and HN-4) by flow cytometry assay. (D-F) The roles
of both DNMT3B and GPX3 silencing in the proliferation of OSCC cell lines (CAL27 and HN-4) by colony formation assay. All data of
three independent tests were presented as mean + SD. *#p < 0.001 vs shDNMT3B+shNC.

in HNSC, and DNMT3B silencing blocked the prolifera-
tion, migration and invasion yet promoted the apoptosis
of OSCC cells CAL27 and HN-4. Moreover, it is impor-
tant to highlight that the genomes of vertebrates exhibit
high methylation levels at cytosine residues within CpG se-
quences. This CpG methylation plays a pivotal role in si-
lencing epigenetic genes, ensuring genome stability. No-
tably, the expression of GPX3 increased significantly af-
ter treatment with 5-AzC, the demethylation of which ex-
erts a therapeutic effect on OSCC [16,17,34]. Furthermore,
MethPrimer predictions confirmed the presence of CpG is-
land (CpG-rich region in the promoter) in the GPX3 pro-
moter region [20,35]. This suggests that GPX3 may be
a downstream target of DNMT3B, implicating its involve-

ment in the mechanisms through which DNMT3B influ-
ences OSCC. GPX3, an extracellular glutathione, plays dual
roles in tumors, with its promoter methylation linked to
various biological effects [36,37]. Moreover, GPX3 has
regulatory effects on malignant cell migration, invasion,
and chondrocyte apoptosis [38,39]. This study shows de-
creased GPX3 levels in HNSC, and silencing DNMT3B sig-
nificantly reduces GPX3 methylation and increases GPX3
levels in OSCC cells. Notably, DNMT3B silencing effects
on OSCC cells were reversed following GPX3 silencing,
proving the interaction between DNMT3B and GPX3 and
the involvement of DNMT3B-mediated GPX3 methylation
in OSCC.
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Upon investigating the potential mechanism impli-
cated, the JNK signaling pathway captured our attention.
This interest is supported by findings from different stud-
ies that have linked DNA methylation, GPX3, and the
JNK pathway [38,40]. JNKs belong to the evolutionar-
ily conserved subgroup of mitogen-activated protein ki-
nases (MAPKSs), and recent insights have revealed their role
in regulating various physiological processes such as pro-
liferation, survival, differentiation, and apoptosis [41,42].
Furthermore, the promotive effects of both JNK and its
downstream signaling molecule c-JUN have been well-
documented in cancer research [43]. By combining the
roles of DNMT3B-mediated methylation, GPX3, and the
JNK signaling pathway in OSCC, it was observed that the
silence of DNMT3B led to the suppression of both JNK and
c-JUN phosphorylation, which was contrary to the effects
of GPX3 silencing. Furthermore, GPX3 silencing attenu-

ated the influence of DNMT3B knockdown on the phospho-
rylation of JNK and c-JUN in OSCC cells, from which we
concluded that the effects of DNMT3B silencing on OSCC
cells were achieved via regulating the GPX3/JNK signal-
ing axis. Our future research will use pathway antagonists
or agonists to verify the regulatory effect of DNMT3B and
GPX3 in the JNK/c-JUN pathway. In addition, we plan
to employ methylase following DNMT3B knockdown to
prove that DNMT3B could potentially regulate the progres-
sion of OSCC by influencing the methylation of the GPX3
promoter.

Conclusions

By linking DNMT3B-mediated DNA methylation
with GPX3 and the JNK pathway, our study demonstrates
that silencing DNMT3B promotes GPX3 level to inhibit the
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proliferation, migration, and invasion but induce the apop-
tosis of OSCC cells, which may be related to the inactiva-
tion of the JNK/c-JUN signaling pathway.
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