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Abstract

Objective  Sevoflurane (Sevo), a commonly used
inhalant anesthetic clinically, is associated with a
worsened cancer prognosis, and we investigated its
effect on RNA methylase tRNA aspartic acid methyl-
transferase 1 (TRDMT1) expression and ovarian can-
cer (OC) cell malignant phenotypes.

Methods Human OC cells (OVCAR3/SKOV3)
were pretreated with 3.6% Sevo and cultured under
normal conditions for 48 h, with their viability
assessed. After 2-h Sevo treatment or interference
plasmid transfections to down-regulate TRDMT1/
adenomatous polyposis coli (APC), changes in
TRDMTI1, APC and B-catenin expression, cell pro-
liferative activity, cycle, apoptosis, migration, inva-
sion, and 5-methylcytosine (m5C) methylation
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potential modification sites were evaluated. Addi-
tionally, APC mRNA m5C methylation level and
stability, the binding of APC mRNA with TRDMT1,
the binding intensity of APC and f-catenin, and
B-catenin nuclear translocation were detected Lastly,
Cyclin DI, cellular-myelocytomatosis viral onco-
gene (C-myc) and B-catenin protein levels, and ki67-
positive rate were assessed.

Results Sevo treatment boosted cell cycle, pro-
liferation, migration and invasion, suppressed
apoptosis and APC expression, and up-regulated
C-myc, p-catenin, TRDMT1 and Cyclin D1 levels.
Silencing TRDMT1 or B-catenin partially averted
Sevo-mediated promotion effects on cell malig-
nant biological behaviors. Lowly-expressed APC
annulled the effect of silencing TRDMT1 and pro-
moted cell malignant behaviors. Sevo enhanced
APC mRNA m5C modification and degrada-
tion and activated the APC/B-catenin pathway by
increasing TRDMT1, thus encouraging OC growth
in vivo.

Conclusions Sevo stimulated APC m5C modifi-
cation and curbed its expression by up-regulating
TRDMT1, which in turn activated the p-catenin path-
way to stimulate OC cell cycle, invasion, prolifera-
tion, and migration and to suppress apoptosis.

Keywords Sevoflurane - Ovarian cancer - TRNA
aspartic acid methyltransferase 1 - 5-methylcytosine -
Adenomatous polyposis coli - B-catenin - Cellular-
myelocytomatosis viral oncogene - Cyclin D1
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Introduction

Ovarian cancer (OC) is the eighth most commonly
diagnosed carcinoma and the eighth primary reason
for cancer-associated mortality among women on a
global scale (Atallah et al. 2021). The primary thera-
peutic approach for OC involves the surgical removal
of solid tumors, but postoperative recurrence remains
the main reason for mortality (Angeles et al. 2022).
Existing research has shown that the administration of
perioperative anesthetics may be a risk factor for can-
cer recurrence, particularly for inhaled anesthetics,
which negatively impact cancer prognosis (Enlund
et al. 2014; Heaney and Buggy 2012; Horowitz
et al. 2015). Sevoflurane (Sevo) is the most widely
employed inhalant anesthetic, yet it has been linked to
a worsened cancer prognosis and recurrence (Enlund
et al. 2014; Takeyama et al. 2021). There is previous
evidence implying that Sevo can inhibit the prolifera-
tion and metastasis of OC (Zhang et al. 2019; Kang
and Wang 2019). Conversely, short-term (such as 2 h)
Sevo treatment has been documented to enhance OC
cell malignancy, proliferation, and metastasis (Ishi-
kawa et al. 2021; Iwasaki et al. 2016). Additionally,
Sevo can strengthen OC cell biological malignant
behaviors by modulating cell metabolism and signal
transduction mechanisms (Hu et al. 2023). However,
the mechanism of Sevo facilitating OC malignant
behaviors has not been fully elucidated.

tRNA  aspartic acid methyltransferase 1
(TRDMT1), also named DNA methyltransferase-2
(DNMT?2), is a regulatory factor engaged in the stress
response, cell proliferation and survival, which pos-
sesses the ability to regulate cellular stress responses
like oxidative stress, salt stress, inflammatory
response, and drug-induced cell senescence (Bloniarz
et al. 2021; Li et al. 2022; Thiagarajan et al. 2011).
In human cervical cancer cells, impaired nucleolar
activity mediated by nano-diamond is accompanied
by oxidative stress and TRDMT1 upregulation, which
may aid in RNA stability and mitigate stress-induced
RNA damage by methylating RNA (Mytych et al.
2014). Furthermore, the decrease in TRDMT1 level
makes human fibroblasts more susceptible to DNA
damage and oxidative stress (Lewinska et al. 2018).
Prior studies have also shown that perioperative use
of Sevo for anesthesia can lead to varying degrees of
stress response (Liu et al. 2012; Marana et al. 2013;
Xu and Qian 2020). Consequently, we assumed that
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Sevo might affect DNMT1 expression in OC. In
addition, TRDMT1 is a carcinogenic factor in gas-
tric cancer and can contribute to its proliferation and
metastasis (Sun et al. 2021). Importantly, TRDMT1
expression is augmented in OC and is a potential
tumor-promoting factor for OC (Muranevich et al.
1988), but the exact role of TRDMT1 in OC remains
elusive. Initially, TRDMT1 is considered a DNA
methylation enzyme (Hermann et al. 2003), while it
is a 5S-methylcytosine (m5C) RNA methyltransferase.
RNA m5C modification, one of the leading ways of
post-transcriptional RNA modification, affects stabil-
ity, maturation, and messenger RNA (mRNA) mol-
ecule translation, and is implicated in physiological
and pathological processes, including stress response,
carcinogenesis, and tumor cell migration (Guo et al.
2021). TRDMT1 is primarily responsible for promot-
ing tRNA stability and protein synthesis by acting
as m5C-modified “Writers” to modulate RNA m5C
methylation (Goll et al. 2006; Tuorto et al. 2012).
Recent data suggest that TRDMT]1 is engaged in the
mS5C modification of tRNA and may boost mRNA
methylation (Chen et al. 2020; Squires et al. 2012).
For instance, TRDMT1 deletion afflicts the m5C
modification of mRNA, and TRDMT1 knockdown
can induce an reduction in the m5C methylation
level of UGP2 mRNA (Xue et al. 2019), indicating
the potential regulatory effect of TRDMT1 on mRNA
m5C modification.

Adenomatous polyposis coli (APC) functions as
a crucial tumor suppressor implicated in modulat-
ing tumor cell cycle, migration, apoptosis, invasion
and proliferation (Fang and Svitkina 2022; Noe et al.
2021). The depletion of TRDMT1 in HEK293 cells
can noticeably up-regulate the mRNA level of APC,
which may be correlated to mRNA m5C modification
(Xue et al. 2019). p-catenin protein is over-activated
in OC and influences cancer cell metastasis, prolifera-
tion, stem cell stemness maintenance, and drug resist-
ance (Nguyen et al. 2019; Shang et al. 2017). Fur-
thermore, p-catenin is negatively regulated by APC
to uphold cellular homeostasis (Ranes et al. 2021).
Thus, we hypothesized that APC might be inhibited
by TRDMT1 through mRNA m5C methylation modi-
fication. However, it is not clear whether TRDMT1
inhibits APC expression and activates the p-catenin
pathway through m5C modification. Considering
the connection of Sevo, TRDMTI, and cell phe-
notypes in OC, this research aims to investigate the
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mechanism of Sevo modulating malignant behaviors,
with a specific focus on the TRDMT1/m5C/APC/p-
catenin axis.

Materials and methods
Ethics statement

All animal experiments were approved by the ethics
committee of The Third Bethune Hospital of Jilin
University. Significant attempts were made to reduce
the quantity of animals and alleviate their suffering.

Cell culture

Human OC cell lines OVCAR3 and SKOV3 were
sourced from American Type Culture Collection
(Manassas, VA, USA), and appraised by Short Tan-
dem Repeat to verify the purity and absence of con-
tamination. Cell culture was conducted in Roswell
Park Memorial Institute-1640 medium (Sigma-
Aldrich, St. Louis, MO, USA) comprising 100 U/
mL penicillin and streptomycin (Sigma-Aldrich) and
10% fetal bovine serum (FBS) in a 5% CO, incubator
(Thermo Scientific, Rockford, IL, USA) at 37 °C.

Effect of Sevo on OC cell viability

Logarithmically growing OVCAR3 and SKOV3 cells
(100 pL, 5x 10%/well) were introduced into 96-well
plates and exposed to 3.6% Sevo (Hengrui Pharma-
ceutical Co., Ltd., Shanghai, China) for 0, 0.5, 1, 2,
4, 8, 12 and 24 h. According to the instructions and
usage of Sevo, the concentration of Sevo for general
anesthesia induction was 2.5-4.5%, and the main-
taining anesthesia concentration was below 4%. As
previously described (Ishikawa et al. 2021; Iwasaki
et al. 2016), 3.6% Sevo treatment can strengthen
the proliferation and malignant behaviors of ovar-
ian cancer cells. Hence, we chose 3.6% Sevo as the
research concentration. After exposure to Sevo, cells
were subjected to 48 h of culture under normal con-
ditions. Next, cell relative viability was evaluated by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. The treated OC cells were col-
lected, with culture media removed. Afterward, cells
were rinsed with phosphate-buffered saline (PBS)
2-3 times, mixed with 100 pL of culture medium

comprising 0.5% MTT solution (M1025, Solarbio,
Beijing, China), before being cultured for 4 h. Fol-
lowing the elimination of the supernatants, cells were
treated with 100 pL/well of dimethyl sulphoxide
(DMSO) and slowly shaken on a shaker for 15 min.
The optical density (OD) values at 570 nm were
determined by a microplate reader (Thermo Scien-
tific). The cell relative viability was denoted as a per-
centage (%). The group treated with Sevo for 0 h was
set as control (100%).

Cell grouping and treatment

The 100 pL logarithmically growing OVCAR3 and
SKOV3 cells were inoculated (5% 10%well) onto
96-well plates and grouped as below: (1) the Blank
group, OC cells underwent 48 h of culture; (2) the
Sevo group, OC cells were exposed to 3.6% Sevo for
2 h and then cultured under normal circumstances for
48 h; (3) the Sevo+si-NC group and the Sevo+si-
TRDMT1 group, after transfection of the small-
interfering (si)-TRDMTT or si-negative control (NC),
OC cells were subjected to 3.6% Sevo exposure for
2 h and subsequent 48-h cultivation under normal
conditions; (4) the Sevo+si-TRDMT1 +sh-NC and
Sevo +si-TRDMT1 + short hairpin (sh)-APC groups,
OC cells were exposed to 3.6% Sevo for 2 h, and then
cultured under normal conditions for 48 h follow-
ing co-transfection of si-TRDMT1 and sh-NC or sh-
APC; (5) the Sevo+sh-NC and Sevo + sh-p-catenin
groups, OC cells were manipulated with si-f-catenin
or sh-NC, followed by 2-h exposure to 3.6% Sevo and
48-h culture under standard conditions. The steps
of the transfection were as follows: cells were intro-
duced onto the 6-well plate. Once the cell confluence
arrived 80%, si-NC, si-TRDMT, sh-NC, sh-APC,
and sh-f-catenin were delivered into cells utilizing
Lipofectamine® 3000 (L3000-015, Invitrogen, Carls-
bad, CA, USA), and the transfection amount of these
plasmids (GenePharma, Suzhou, Jiangsu, China) was
2 pg/well. The target sequences of the interference
plasmids were: si-TRDMT1: 5’-CCAAAGTCATTG
CTGCGATAT-3’; sh-APC: 5-GCCAACAAAGTC
ATCACGTAA-3; and sh-p-catenin: 5’-GAGGAG
TTCCTGCGCACCTAT-3". Following 48-h transfec-
tion, the expression patterns of TRDMT1, APC and
[-catenin were measured by western blot and reverse
transcription quantitative polymerase chain reaction
(RT-qPCR) to ascertain the transfection efficiency.
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Thereafter, the biological behavior indexes of OC
cells were assessed.

Cell counting kit-8 (CCK-8) assay

OC cell proliferative activity was evaluated using
CCK-8 kit (KTA1020, Abbkine Scientific Co., Ltd.,
Wuhan, Hubei, China). Cells at the exponential phase
were plated into 96-well plates and treated in dis-
tinct groups. After culture for 12, 24, and 48 h, cells
were supplemented with CCK-8 solution (10 pL/
well) for a 2-h incubation at 37 °C. Then, the OD
value was ascertained at 450 nm with the Thermo
Scientific microplate reader (Thermo Scientific).
The test was repeated thrice, with the result average
value acquired. Cell doubling time was counted based
on the following formula (Colosimo et al. 2013):
TD=tx1g2/(1gNt—IgNO0) (TD: the doubling time
of cells, t: the incubation duration, Nt: the OD value
at t hour of incubation, and NO: the OD value after
seeding).

Colony formation assay

The cell proliferative capacity was assessed by col-
ony formation assay. Differently-treated OC cells
(OVCAR3 and SKOV3) were gathered and detached
into single cells by trypsin. Approximately 700 sin-
gle cells were seeded into 6-well plates and cultivated
at 37 °C for 10-14 days until colony formation was
visible. Cells underwent 30-min fixation with 4%
paraformaldehyde, with PBS washing followed. Next,
cells were subjected to crystal violet (V5265, Sigma-
Aldrich) staining for 20 min, then rinsed with PBS
thrice, dried, observed and photographed, with the
quantity of cell clones per well counted. Each group
was set up with three duplicate wells. The results
were expressed as average values.

Flow cytometry

The Cell Cycle and Apoptosis Analysis Kit [propid-
ium iodide (PI) staining] (HY-K1071, MedChemEx-
press, Monmouth Junction, NJ, USA) was utilized
to confirm the cell cycle distribution and apoptotic
rate. In brief, OVCAR3 and SKOV3 cells after dif-
ferent treatments were gathered into 1.5-mL centri-
fuge tubes, then cleaned twice with pre-cooled PBS
and immobilized with 70% pre-cooled ethanol at 4 °C
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all night. Thereafter, cells were cleaned and resus-
pended in pre-cooled PBS and cultured in the pres-
ence of RNase and PI (each 10 mg/mL) for 30 min
at 37 °C without light to assess cell cycle. Alterna-
tively, cells were cultivated with 5 pL. PI solution and
10 pL Annexin V-fluorescein isothiocyanate solution
at 37 °C without light for 30 min to evaluate apop-
tosis. After staining, cell percentages in varying cell
cycles (GO/G1, S, and G2/M) (%) or apoptotic rate
(%) were analyzed by the flow cytometer (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA)
and Flowjo V10 software (FlowJo, Seattle, WA, US).
The experiment was duplicated thrice, and the results
were averaged.

Transwell assay

Transwell assay was implemented to test cell invasion
and migration. Simply put, cells with different treat-
ments underwent PBS cleaning twice and resuspen-
sion in a serum-free medium and were counted. After
cell concentration was adjusted, 100 pL cell suspen-
sion (1 x10* was seeded onto the upper chamber of
the Transwell chamber (Corning Incorporated, Corn-
ing, NY, USA), while 600 pL. medium supplemented
with 10% FBS was placed onto the lower chamber;
with a layer of matrigel (60 pL, Corning) evenly
spread at the bottom, middle apical chambers (no
matrigel was spread when detecting cell migration.
After 24 h of cell incubation at 37 °C, the chamber
was taken out before PBS washing two times. Fol-
lowing this, the chamber was immobilized for 30 min
using methanol at 37 °C and dyed with 0.5% crystal
violet (G1065, Solarbio) for 20 min. Cells at the api-
cal chamber bottom that did not invade or migrate
were erased. The chamber was thereafter examined
and imaged under an inverted microscope (CKX53,
OLYMPUS, Tokyo, Japan). Finally, 5 non-over-
lapping fields of view were selected stochastically
to conduct cell invasion or migration counts. The
obtained results were averaged, and each group of
tests was completed repeatedly thrice.

Cell scratch test

Cell scratch test was executed to evaluate the OC cell
migratory capacity. OC cells (OVCAR3 and SKOV3)
after different treatments were collected, and they
were plated into 6-well plates at 2x 10> cells each
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well and fostered for 24 h at 37 °C with 5% CO,. A
pipette tip (200 pL) was used to draw a line perpen-
dicular to the cell surface, and the cells were cultured
for 24 h afterward. The scratch width was tested by
the inverted microscope (OLYMPUS) at 0 and 24 h
subsequent to scratching, and images were obtained.
The scratch healing rate (%) was computed to test cell
migratory capability.

RT-qPCR

Isolation of total cellular RNA from differently-
treated OC cells was executed via the TRIzol reagent
(15596018, Thermo Scientific), with its concentra-
tion and purity determined using a NanoDrop2000C
Ultra-Micro Spectrophotometer (Thermo Scientific).
The reverse transcription kit (GeneCopoeia, Rock-
ville, MD, USA) was utilized for reverse transcrip-
tion to obtain complementary DNA. Later, qPCR
was implemented on the 7500 Real-Time PCR sys-
tem (Applied Biosystems, Carlsbad, CA, USA) under
the following conditions: 10-min pre-denaturation at
95 °C, and 40 cycles of 10-s denaturation at 95 °C,
10-s annealing at 60 °C and 20-s extension at 72 °C.
GAPDH was deemed as the internal reference gene.
Using the 222 technique, the relative gene expres-
sion was confirmed (Schmittgen and Livak 2008).
The synthesis of all primers was provided by Tsingke
Biotech (Beijing, China), as displayed in Table 1.

Bioinformatics analysis

The NCBI database (https://www.ncbi.nlm.nih.
gov/) was utilized to search for the APC mRNA
sequence. The Human APC gene mRNA number is
“M74088.1”. The potential m5C methylation modifi-
cation sites on APC mRNA were predicted utilizing
the iRNA m5C database (http://lin-group.cn/server/
iRNA-m5C/service.html) (Li et al. 2018). The poten-
tial m5C methylation sites located near the start site
of the APC mRNA CDS 5’ end upstream were named

Sitel, and the sites situated near the end of the 3’ end
were designated Site2.

Methylated RNA immunoprecipitation (MeRIP)
assay

As mentioned earlier (Luo et al. 2022), the level of
mS5C methylation on APC mRNA was examined
using the m5C MeRIP kit (GS-ET-003, Yunsui Bio-
technology Co., Ltd., Shanghai, China). In the begin-
ning, total RNA was gained from OC cells that had
been subjected to different treatments. Subsequently,
the extracted RNA was fragmented into fragments of
100-200 nt size using the RNA fragmentation rea-
gent. Next, immunoprecipitation of the fragmented
RNA was implemented using m5C, protein A/G mag-
netic beads, and immunoglobulin G (IgG) antibody.
Also, immunoprecipitated RNA was competitively
eluted using 5-methylcytosine hydrochloride (M6751,
Sigma-Aldrich). The RNA was resuspended, before
analysis of mRNA-containing m5C enrichment by
RT-gPCR. Lastly, the 2724" method was employed
to confirm the m5C methylation level of APC mRNA.
The primers for gauging APC mRNA Sitel m5C
methylation were 5 -CTCGTACTTCTGGCCACT
G-3’ and 5-TCAGTGCCTCAACTTGCTTT-3’; the
primers for Site2 were 5 -GGGTTTTTTTGTTCT
GGAAGCCA-3" and 5-AAGTTGGGGATGGGT
GCTACT-3".

Actinomycin D assay

APC mRNA stability was valued by actinomycin D
assay as previously described (Hu et al. 2001). Differ-
ently-treated cells were subjected to 5 pg/mL actino-
mycin D (114,666, Sigma-Aldrich) treatment for 0, 2,
4, and 6 h, in a bid to impede mRNA transcription.
Moreover, the impact of m5C methylation modifica-
tion on APC mRNA stability was estimated by meas-
uring the relative expression of APC mRNA using
RT-qPCR.

Table 1 Primer sequences

in RT-gPCR Gene Forward 5°-3’ Reverse 5°-3’
TRDMTI1 TCTCCAACCTCTCTTGGCATTC GGGAACTCCATCAGTACCTGACCA
APC AGCACAGCGAAGAATAGCCA AGGTGCAGAGTGTGTGCTAC
GAPDH TGAGAACGGGAAGCTTGTCA CCCTGCAAATGAGCCCCA
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Fluorescent In Situ Hybridization (FISH) and
immunofluorescence double staining assays

Co-localization of APC mRNA with TRDMT1 pro-
tein was confirmed by FISH and immunofluores-
cence double staining assays. At first, the cell slides
of OVCAR3 and SKOV3 cells were put into prepa-
ration, fixated with 4% paraformaldehyde (158,127,
Sigma-Aldrich) at 4 °C, and blended with 0.1% Tri-
ton-X-100 (X100, Sigma-Aldrich) to break the mem-
branes. The slides were added with 5 pL Cyanine3-
labeled APC mRNA nucleic acid probe hybridization
solution (Ribobio Biotechnology Co., Ltd., Guang-
zhou, Guangdong, China), before overnight cultiva-
tion at room temperature in darkness. Following PBS
rinsing, cell slides were closed with 3% bovine serum
albumin (BSA), interacted with anti-TRDMT1 pri-
mary antibody (4 pg/mL, ab244461, Abcam, Cam-
bridge, UK) all night at 4 °C away from light, and
co-incubated for 1 h with Alexa Fluor® 488-coupled
IgG (1:1000, ab150077, Abcam) at room tempera-
ture in the lack of light. Afterward, cell nuclei were
dyed using 4’°,6-diamidino-2-phenylindole (DAPI)
(ab285390, Abcam) and cultured at room tempera-
ture, shielded from light, for 5 min. Eventually, the
observation of the co-localization of APC mRNA
with  TRDMT1 protein was conducted using an
inverted fluorescent microscope (DMI3000B, Leica,
Solms, Germany).

RNA pull down assay

APC mRNA pcDNA3.1 overexpression plasmid
(Genecreate Bioengineering Co., Ltd, Wuhan, Hubei,
China) was constructed, and biotin (Bio)-labeled
APC mRNA sense (Bio-APC mRNA sense) and
anti-sense (Bio-APC mRNA antisense) sequences
were synthesized in vitro by T7 RNA polymerase
and qPCR assays. Bio-marked RNA interacted with
cell protein lysates to form RNA—protein complexes.
The protein complexes were precipitated and eluted
via the Pierce™ magnetic RNA—protein Pull-Down
kit (20,164, Thermo Scientific), as per the provided
protocols. Ultimately, western blot assay was imple-
mented to define the TRDMT1 level enriched by Bio-
APC mRNA sense and Bio-APC mRNA antisense to
test whether APC mRNA interacted with TRDMT1
protein.
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Co-immunoprecipitation (Co-IP) assay

The extraction of total protein was performed by
introducing IP cell lysate (R21241, Yuanye Biotech-
nology Co., Ltd., Shanghai, China). Next, the bicin-
choninic acid (BCA) kit (PA115-01, TIANGEN,
Beijing, China) was applied to determine the protein
content. The total protein (50 pg) was incubated with
2 pg of anti-p-catenin (ab265591, Abcam) or anti-IgG
(ab6715, Abcam) all night at 4 °C, and grown with
10 pL proteinA/G magnetic beads (abs9649, Ambi-
tion Biotechnology Co., Ltd., Beijing, China) for 2 h
at 4 °C. Following the IP reaction, the level of APC
that had been immunoprecipitated by p-catenin was
examined by western blot. A sample of protein lysate
without IP treatment was considered as Input.

Cellular immunofluorescence

Cell fixation was carried out for 30 min utilizing 4%
paraformaldehyde (158,127, Sigma-Aldrich) prior
to 5-min cell treatment with a membrane-breaking
reagent, specifically 0.1% Triton X-100 (Sigma-
Aldrich). Afterward, cells were closed using 5% BSA
for 45 min, with the BSA solution aspirated off. Cells
then received overnight incubation with a primary
antibody, anti-p-catenin (1:250, ab265591, Abcam) at
4 °C. After being rinsed by PBS, cells were cultivated
and avoided light for 45 min at room temperature
with IgG H&L Alexa Fluor® 594 (1:200, ab150120,
Abcam). Cells received PBS cleaning again, and the
nuclei underwent DAPI staining (ab285390, Abcam),
followed by glycerol sealing subsequent to PBS
washing. The nuclear translocation of p-catenin was
viewed under an inverted fluorescence microscope
(DMI3000B, Leica).

Animal feeding and xenograft tumor models

BALB/c nude mice (n=48, 5-6 weeks old, weigh-
ing 21 +2 g), procured from Jilin Qianhe Model Bio-
technology Co., Ltd. (Changchun, Jilin, China), were
reared under the conditions of 26 +1 °C temperature,
50-60% air humidity, and a 12-h light/dark cycle in
a specific pathogen-free circumstance and with freely
available water and food. Following 1-week acclima-
tization, the nude mice were assigned to 4 groups at
random, ensuring 6 nude/per group with tumor for-
mation (n=6). Animal grouping processing was as
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follows: the Control group, nude mice were subcuta-
neously administered with cells in the logarithmical
growth to generate a xenograft model; the Sevo group,
the nude mouse xenograft model was developed via
hypodermic injection of 3.6% Sevo-pretreated cells
for 2 h into nude mice; the Sevo+KD-NC group and
the Sevo+KD-TRDMT1 group, cells were delivered
with lentivirus-packed TRDMT1 interference plas-
mid or NC plasmid, pretreated with 3.6% Sevo for
2 h, and injected hypodermically into nude mice to
develop the xenograft tumor model.

In a nutshell, the lentivirus stable cell screening
method could be explained as follows: OVCAR3/
SKOV3 cells were initially treated with lentivirus
loaded with si-TRDMT1 plasmid or si-NC plasmid
(containing puromycin resistance gene), then screened
by puromycin (5 pg/mL) for 48 h, and amplified by
adding the medium containing 1 pg/mL puromycin.
TRDMT1 low-expressing stably-transformed cell
lines were obtained when RT-qPCR assay testified
stable TRDMT1 low-expression in the cells. Tumor
volume was measured weekly. Mice were euthanized
with the administration of an excessive dosage of
2% pentobarbital sodium (200 mg/kg) following the
final assessment of tumor volume on day 28. Tumor
tissues were taken out, imaged and weighed, with
sectional tumor tissues fixated by means of 4% para-
formaldehyde for 12 h. Paraffin embedding was made
to make sections of 5 pm thickness. The rest tumor
tissues were made into tissue homogenates, followed
by determinations of TRDMT1, APC, and p-catenin
protein levels by western blot.

>

200, OVCAR3
°\° N g
3.150‘
S 100
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0- T
0 05 1 12 24
Time (h)

Fig. 1 Effects of Sevo treatment on OC cell viability. OC cell
lines OVCAR3 and SKOV3 cells were treated with 3.6% Sevo
for 0, 0.5, 1, 2, 4, 8, 12 and 24 h, and then cultured under nor-
mal conditions for 48 h. A-B: MTT assay to assess the relative
cell viability. Cell experiments were repeated independently

Immunohistochemistry

Paraffin sections of tumor tissues (5 pm) were con-
ventionally dewaxed to water, before being incu-
bated for 10 min with 3% H,0, (R20847, Yuanye
Bio-Technology, Shanghai, China) at room tempera-
ture to eradicate endogenous peroxidase activity.
Next, antigen retrieval was executed via microwave
heating in citric acid buffer (0.01 M, pH 6.0). After
cooling, sections were sealed at room tempera-
ture with 10% goat serum (G9023-10ML, Sigma-
Aldrich) for 10 min, followed by overnight inter-
action with primary antibody anti-Ki-67 (1:250,
Abcam) at 4 °C and 3 PBS rinses, and then 30-min
interaction with Bio-labeled anti-IgG (1:2000,
ab207995) at room temperature. Subsequently, sec-
tions were stained with freshly prepared 3,3’-diam-
inobenzidine (R21317, Yuanye Bio-Technology),
re-stained with hematoxylin (B25380-20 mg,
Yuanye Bio-Technology), differentiated with 1%
hydrochloric acid ethanol, dehydrated, and blocked
with neutral resin, and finally viewed and imaged
under an optical microscope (OLYMPUS). Image J
software (NIH, Bethesda, MD, USA) was processed
for counting Ki-67 positive cell percentages (%).

Western blot assay
The animal tissue and cell total protein extrac-

tion kit (column method) (BC3790, Solarbio) was
applied to separate the total protein out of cells or
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three times, and the data were expressed as mean+SD. The
group treated with Sevo for O h was set as the Control group.
Independent sample #-test was used for comparisons between
two groups, and one-way ANOVA was for comparisons among
multiple groups. * p<0.05, ** p<0.01, *** p<0.001
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Fig. 2 Sevo promoted OC cell proliferation, invasion, and
migration and inhibited apoptosis by up-regulating TRDMT1.
OC cell lines OVCAR3 and SKOV3 were treated with 3.6%
Sevo for 2 h and simultaneously transfected with interference
plasmid of TRDMT1 to knock down TRDMT]1 expression. A-
B: The mRNA and protein levels of TRDMT1 determined by
RT-gPCR and western blot assays; C: Cell proliferation evalu-
ated by CCK-8 assay; D: Bar chart analysis on the differences
in cell doubling time among different groups; E: OC cell pro-
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liferative ability assessed by colony formation assay; F: Cell
apoptotic rate assessed by flow cytometry; G-H: Cell invasion
and migration assessed by Transwell assay; I: Cell scratch
assay was used to assess the migratory ability of OC cells.
Repeated cell experiments were performed independently
three times and the data were expressed as mean+SD. One-
way ANOVA was employed for comparisons among multiple
groups. * p <0.03, ** p<0.01, *** p<0.001
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Fig. 2 (continued)

tumor tissues, or the nucleoprotein extraction kit
(R0O050, Solarbio) was utilized to extract nucleo-
protein. BCA protein quantification kit (PA115-01,
TIANGEN) was applied to measure protein con-
centration. The samples were boiled for 10 min
to fully denature the protein, which was sepa-
rated by 8% sodium dodecyl sulfate—polyacryla-
mide gel electrophoresis, with 20 pg total protein
loaded each well. After separation, the protein
samples were moved onto polyvinylidene fluo-
ride membranes by the wet electrotransfer method
and closed with tris-buffered saline-tween (TBST)
comprising 5% skim milk at room temperature
for 2 h. Afterward, the samples were mixed with
the following primary antibodies for incubation
all night at 4 °C: GAPDH (1:10,000, ab181602),
TRDMT1 (1:1000, ab308120, Abcam), cyclin D1
(1:25, ab16663), APC (1:5000, ab40778), p-catenin
(1:1000, ab265591), C-myc (1:1000, ab32072),
and Histone H3 (1:1000, ab1791). The samples
were subsequently cleaned thrice with TBST and
cultured in the presence of Goat Anti-Rabbit IgG
H&L secondary antibody (1:20,000, ab97051)
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at 37 °C for 1 h. After being cleaned three times
with TBST again, the samples received color devel-
opment and image collection with an enhanced
chemiluminescence working solution (P0018M,
Beyotime, Shanghai, China). The bands were quan-
titatively analyzed using Image J (NIH). GAPDH
was deemed as the internal reference of total pro-
tein; Histone H3 was presented as the internal ref-
erence of nuclear protein.

Statistical analysis

SPSS22.0 (IBM, Armonk, New York, USA) and
GraphPad Prism 9.0 (GraphPad Software, Inc.,
San Diego, CA, USA) were employed for data han-
dling, analysis, and mapping. The normal distribu-
tion was tested by the Shapiro—Wilk test. Cell tests
were independently replicated thrice, with data
denoted as mean =+ standard deviation (SD), and
tested between groups using the ¢-test. Multi-group
comparisons were made using one-way analysis of
variance (ANOVA). p was a bilateral test, with a
p <0.05 representing significant differences.
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«Fig. 3 Sevo promoted m5C modification of APC mRNA and
suppressed its expression by up-regulating TRDMT1. A: The
APC mRNA level measured by RT-qPCR; B: The protein lev-
els of TRDMT1 and APC assessed by western blot; C: The
potential m5C methylation sites in APC mRNA predicted
by the bioinformatics website database iRNA m5C (http://
lin-group.cn/server/iRNA-m5C/service.html); D: m5C meth-
ylation modification levels near APC mRNA Sitel and Site2
detected by the m5C meRIP-qPCR assay; E: Stability of APC
mRNA tested by actinomycin D assay; F: Cellular localization
of APC mRNA and TRDMTT1 protein in OC cells observed
by FISH and immunofluorescence assays; G: The binding
between APC mRNA and TRDMT]1 in OC cells examined by
RNA pull down assay. Repeated cell experiments were con-
ducted separately three times and the data were expressed as
mean=+SD. One-way ANOVA was applied for comparisons
among multiple groups. * p <0.05, ** p<0.01, *** p<0.001

Results
Effects of Sevo on OC cell viability

To study the impact of Sevo on OC cell viability,
we treated cells with 3.6% Sevo for 0, 0.5, 1, 2, 4, 8,
12, and 24 h and continued to cultured cells under
standard conditions for another 48 h. MTT assay
showed that Sevo pretreatment for 0.5-4 h could
fortify OC cell proliferative activity, and cell viabil-
ity after 2 and 4 h was the highest and kept stable,
while pretreatment for 8-24 h attenuated the pro-
liferative activity (Fig. 1A-B, all p <0.05). Conse-
quently, a treatment duration of 2 h was chosen for
the administration of Sevo in the following experi-
mental trials.

Sevo facilitated OC cell proliferation, invasion and
migration and repressed apoptosis by up-regulating
TRDMT1

A previous study has revealed that increased
TRDMT]1 expression in OC is associated with cis-
platin resistance (Zhu et al. 2021). To further probe
whether short-term stimulation with Sevo affected
the biological behaviors of OC cells by impacting
TRDMT1 expression, we used 3.6% Sevo to treat
OC cells for 2 h while delivering them with inter-
ference plasmids to regulate TRDMT1 in OC cells.
Sevo up-regulated the expression of TRDMTI,
while the expression was subdued after transfection
with interference plasmid (Fig. 2A-B, all p <0.001).
Besides, Sevo treatment accelerated the prolif-
eration of OC cells and reduced cell doubling time,

while knockdown of TRDMTI expression par-
tially inhibited their proliferation and augmented
cell doubling time (Fig. 2C-D, all p<0.001). Also,
Sevo treatment could potentiate the proliferation
of OC cells, while TRDMT1 knockdown curbed
cell proliferation (Fig. 2E, all p<0.01). Sevo treat-
ment could inhibit the apoptosis of OC cells, while
lowly-expressed TRDMT1 raised the apoptotic rate
(Fig. 2F, all p<0.01). Next, Sevo hastened OC cell
invasiveness and migration, while the invasive and
migratory abilities were weakened after TRDMTI
silencing (Fig. 2G-H, all p<0.01). Besides, Sevo
could heighten OC cell migration, whereas TRDMT1
knockdown impeded the migration (Fig. 2I, all
p<0.01). These results revealed that Sevo could rein-
force OC cell proliferation, invasion, and migration
and curtail apoptosis by up-regulating TRDMT 1.

Sevo up-regulated TRDMT1 to promote m5C
modification of APC mRNA and suppress its
expression

Subsequently, it was imperative to conduct a more
comprehensive exploration into the downstream
mechanism of TRDMT1 regulation. APC is one of
the critical tumor suppressor factors that exert regula-
tory control on various cellular processes correlated
with tumorigenesis, including cell proliferation, apop-
tosis, invasiveness, and migration (Fang and Svitkina
2022; Noe et al. 2021). Meanwhile, an existing study
has shown that TRDMT1 may control the mRNA
level of APC by influencing the m5C modification
of RNA (Xue et al. 2019). As a result, we specu-
lated that TRDMT1 might impact OC cell biologi-
cal behaviors by modulating APC expression. Sevo
inhibited APC expression in OC cells, while its inhi-
bition was partially alleviated following TRDMT1
knockout (Fig. 3A-B, all p<0.01). The APC mRNA
CDS sequence was derived from the NCBI database,
and the potential APC mRNA m5C modification sites
were predicted via the bioinformatics website based
on the random forest algorithm. There were mul-
tiple potential m5C modification sites close to the
5’-end translation initiation site (Sitel) and the 3’-end
(Site2) of APC mRNA (Fig. 3C). Concerning the
results of the m5C meRIP-qPCR assay, Sevo treat-
ment raised the m5C methylation level near Site2 of
APC mRNA, whereas the level dropped after knock-
ing down TRDMT1 (Fig. 3D, all p <0.001), but there
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was no prominent change in m5C methylation level
near the APC mRNA Sitel site (Fig. 3D, all p>0.05).

We further evaluated the half-life changes of
APC mRNA in OC cells by actinomycin D assay
and clarified that Sevo enhanced the degradation
of APC mRNA, whereas TRDMTT silencing rein-
forced the stabilization of APC mRNA (Fig. 3E,

@ Springer

all p<0.05), indicating that Sevo might augment
the m5C methylation modification of APC mRNA
via the upregulation of TRDMTI1 expression,
hence facilitating its degradation. Beyond that,
we observed the co-localization of APC mRNA
with TRDMT1 protein in the cytoplasm by FISH
and immunofluorescence experiments (Fig. 3F).
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Fig. 4 (continued)

TRDMT1 was enriched in the Bio-APC mRNA
sense (Fig. 3G), which further validated that
TRDMT1 could bind to APC mRNA to regulate
its m5C methylation modification to suppress APC
expression.
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Sevo boosted OC cell proliferation, invasion and
metastasis and hindered apoptosis via TRDMT1/APC
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In the quest to further plumb whether Sevo modu-
lated OC cell biological behaviors via regulation of
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«Fig.5 Sevo activated the [-catenin pathway through
TRDMT1/APC to modulate cell cycle progression. A: CO-IP
assay to detect the protein interaction between APC and
B-catenin; B: The immunofluorescence assay to observe the
nuclear translocation level of p-catenin; C-D: Western blot
to determine the protein levels of TRDMTI1, APC, nuclear
B-catenin, C-myc, and Cyclin D1; E: Flow cytometry to
examine cell cycle distribution. Repeated cell trials were per-
formed independently thrice and the data were represented as
mean=+SD. One-way ANOVA was adopted for comparisons
among groups. * p <0.05, ** p<0.01, *** p<0.001

APC expression through TRDMT 1, we co-transfected
OC cells with interference plasmids to down-regu-
late TRDMT1 and APC expression and treated cells
with Sevo. RT-qPCR and western blot assays noted
repressed APC expression (Fig. 4A-B, all p<0.01),
yet TRDMT1 expression did not change evidently,
suggesting that TRDMT1 was not affected by APC
expression (Fig. 4B, all p>0.05). Furthermore, after
APC knockdown, OC cell proliferation was increased
(Fig. 4C, all p<0.01), cell doubling time dropped
(Fig. 4D, all p <0.05), the number of cell colonies was
increased (Fig. 4E, all p <0.05), the apoptotic rate was
diminished (Fig. 4F, all p<0.01), cell invasion and
migration were boosted (Fig. 4G-H, all p <0.05), and
cell scratch healing ability was weakened (Fig. 41, all
p<0.05). These foregoing findings proved that Sevo
encouraged the growth and metastasis of OC cells
while suppressing apoptosis by modulating APC
expression via TRDMT1I.

Sevo activated the B-catenin pathway via TRDMT1/
APC to modulate cell cycle progression

Available reports indicate that APC primarily exerts
its biological activity by acting as a [-catenin path-
way inhibitory factor, and p-catenin can control
cell biological behaviors by modulating C-myc
and Cyclin D1 (Nguyen et al. 2019; Shang et al.
2017; Ranes et al. 2021). Accordingly, we exam-
ined the putative hypothesis that Sevo afflicted the
OC cell cycle by modulating the P-catenin path-
way via TRDMTI/APC. Sevo treatment could
retard the interaction of APC with p-catenin, while
TRDMTI1 knockout could encourage the interac-
tion (Fig. 5A). Sevo assisted P-catenin into the
nucleus, while lowly-expressed TRDMTI limited
its nuclear level (Fig. 5B, all p<0.01). Further-
more, Sevo was capable of activating the f-catenin

pathway and increasing levels of Cyclin D1, C-myc
and f-catenin. Following knockdown of TRDMT]I,
the P-catenin pathway was curtailed, whereas the
B-catenin pathway was reactivated after APC was
simultaneously silenced; besides, APC silenc-
ing had no significant effect on TRDMT1 expres-
sion, confirming that APC was at downstream of
TRDMTI1 (Fig. 5C-D, all p<0.05). Sevo could
boost OC cell cycle progression, which was mani-
fested by lessened numbers of GO/G1 phase cells
and augmented numbers of cells in the G2/M and
S phases. Conversely, TRDMT1 knockout brought
about a delayed cell cycle, which was facilitated
again after further knockdown of APC (Fig. S5E,
all p<0.05). In a word, Sevo modulated the cell
cycle by triggering the B-catenin pathway via the
TRDMT1/APC pathway, thus influencing the bio-
logical behaviors of OC cells.

Inhibiting the activation of the f-catenin pathway
partially reversed the regulation of Sevo on OC cell
cycle, proliferation, invasion and migration

To verify that Sevo regulated OC cell biological
phenotypes via stimulation of the f-catenin path-
way, we knocked down P-catenin expression by
cell transfection and exposed cells to Sevo for 2 h.
The total B-catenin and nuclear B-catenin protein
expression in OC cells were diminished (Fig. 6A-
B, all p<0.001), and downstream C-myc and
Cyclin D1 levels were also restrained (Fig. 6C,
all p<0.001). Next, pf-catenin knockdown partly
counteracted the promotive effect produced by
Sevo on the cell cycle (Fig. 6D, all p <0.05). The
proliferative viability, invasiveness, and migra-
tion were on downward trends, whereas the apop-
totic rate was elevated in response to knockdown
of p-catenin (Fig. 6E-H, all p <0.05). Collectively,
Sevo regulated OC cell biological malignant phe-
notypes by stimulating the B-catenin pathway via
the TRDMT1/APC pathway.

Sevo activated the APC/p-catenin pathway to
encourage OC growth in vivo via TRDMT1-mediated
m5C modification

To further validate the mechanism of Sevo on OC,

we subcutaneously injected OC cells pretreated
with Sevo or silenced TRDMT1 into nude mice to
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«Fig. 6 Inhibiting the activation of the p-catenin pathway par-
tially annulled the regulation of Sevo on OC cell cycle, pro-
liferation, invasion, and migration. The interference plasmid
of p-catenin was introduced into OC cells to down-regulate
B-catenin expression, and the cells were subsequently sub-
jected to Sevo treatment. A-B: Western blot assay to measure
total B-catenin and intranuclear B-catenin protein levels in OC
cells; C: Western blot assay to determine C-myc and Cyclin
D1 protein levels in OC cells; D: Flow cytometry to detect
cell cycle distribution; E: CCK-8 assay to evaluate cell prolif-
eration; F: Flow cytometry to assess cell apoptotic rate; G-H:
Transwell assay to assess cell invasion and migration. Three
repeated cell experiments were performed independently, and
the data were expressed as mean=+SD. One-way ANOVA was
utilized for comparisons among groups. * p <0.05, ** p<0.01,
**% p<0.001

generate an animal model of OC xenograft tumor.
Tumor growth within 28 days was monitored, and
the results elicited that tumor volume, size, and
weight were elevated in the Sevo group versus the
Control group, whereas tumor growth was abated
after TRDMT1 knockout (Fig. 7A-C, all p<0.01).
Sevo treatment augmented the percentage of ki67-
positive cells, while TRDMT1 knockout subdued the
positive expression of ki67 (Fig. 7D, all p<0.01).
Another finding was that Sevo treatment height-
ened TRDMTI1 and p-catenin expression patterns
and restricted APC expression, whereas knocking
down TRDMT1 resulted in an elevated APC level
and reduced f-catenin level (Fig. 7E, all p <0.05).
In general, Sevo could enhance OC growth in vivo
by triggering the APC/B-catenin pathway through
TRDMT1-mediated m5C modification.

Discussion

OC remains the most prevalent cause of mortal-
ity among gynecologic malignancies (Kujawa and
Lisowska 2015; O’Shea 2022). Interestingly, evi-
dence is accumulating regarding the role of Sevo in
promoting human OC growth and exacerbating OC
(Iwasaki et al. 2016; Hu et al. 2023). The present
study demonstrated that the inhalational anesthetic
Sevo exerted promotive effects on OC cell malig-
nant phenotypes via the TRDMT1/m5C/APC/pB-
catenin axis.

It was proven that the use of 2% Sevo promotes
Lewis lung cancer cell proliferation in an in vitro
study (Kim et al. 2021). Furthermore, the apoptosis

of oestrogen receptor-negative breast cancer cells
is suppressed by post-surgery serum collected from
patients who receive Sevo anesthesia (Jaura et al.
2014). Notably, the upregulation of TRDMT1 has
been observed in malignancies and is linked with an
unfavorable prognosis for cancer (Zhu et al. 2021).
In particular, the therapeutic targeting of TRDMT1
exhibits promise in enhancing the sensitivity of
OC to platinum-based therapy (Zhu et al. 2021).
Nevertheless, the specific role of Sevo treatment
in OC cell biological behaviors through TRDMT]1
modulation remains largely unknown. Our findings
for the first time disclosed that Sevo augmented
TRDMTI1 expression. Moreover, we uncovered
that OC cells’ capabilities to invade, proliferate and
migrate were facilitated, whereas apoptosis and cell
doubling time were reduced after Sevo exposure,
but knockdown of TRDMTI1 brought about oppo-
site trends. Hence, we speculated that Sevo could
up-regulate TRDMT1 expression to affect OC cell
malignant phenotypes. Reportedly, Sevo promotes
the colony formation, proliferation, and invasive-
ness of human glioblastoma cells by augment-
ing cell surface protein 44 (Lai et al. 2019). The
absence of TRDMT1 influences the 5-methylcyto-
sine modification of mRNA and impedes the migra-
tion and proliferation of HEK293 cells (Xue et al.
2019). Knockout of DNMT2/TRDMI1 can increase
doxorubicin-triggered apoptosis in breast and cer-
vical cancer cells and become more sensitive to
endoplasmic reticulum stress-induced apoptosis
(Adamczyk-Grochala et al. 2023). Taken together,
Sevo stimulates OC cell malignant progression via
upregulation of TRDMT1.

APC is intrinsically highly-expressed in bipolar
cells and brain tissues but is weakly expressed in
most tumors (Zhang et al. 2022). TRDMT1 knock-
down can reduce mRNA methylation, and there is
evidence linking aberrant methylation of the APC
gene promoter to a low level of APC protein (Sha
et al. 2021; Auwera et al. 2008). Accordingly, our
findings demonstrated that Sevo treatment inhib-
ited APC expression in OC cells, and this inhibi-
tion can be mitigated by TRDMT1 knockdown. In
addition, the TRDMT1 protein is accountable for
facilitating the methylation of m5C in mRNA mol-
ecules, specifically at sites of DNA damage (Chen
et al. 2020). Up-regulated DNMT2 gene expres-
sion has been documented to result in an elevation
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«Fig.7 Sevo activated the APC/p-catenin pathway to encour-
age OC growth in vivo through TRDMT1-mediated m5C
modification. Sevo-pretreated OC cells or TRDMT1-knock-
down OC cells were injected subcutaneously into nude mice to
develop an animal OC xenograft tumor model. A: The change
of tumor volume within 28 days was monitored; B: The size
of tumor formation was observed; C: The final weight of the
tumor was weighted; D: Immunohistochemistry to detect the
Ki67 positive expression rate in tumor tissues; E: Western blot
to test the protein levels of TRDMT1, APC, and f-catenin in
tumor tissues. n==6. Data were expressed as mean=+SD. One-
way ANOVA was utilized for comparisons among groups. *
p<0.05, ¥* p<0.01, *** p<0.001

of RNA m5C modifications (Bohnsack et al.
2019). In agreement with the preceding research,
our results elicited that the m5C methylation level
of APC mRNA rose after treatment with Sevo but
dropped when TRDMT1 was knocked down. Sevo
is proven to generate degradation by interacting
with carbon dioxide absorbents (Frink et al. 1992).
Similarly, our study validated that Sevo enhanced
APC mRNA degradation, while knockdown of
TRDMT]1 reinforced APC mRNA stability. Collec-
tively, Sevo represses APC mRNA expression by
up-regulating TRDMT1 to stimulate m5C modifi-
cation of APC mRNA.

The APC protein is a tumor suppressor protein
with many domains that are indispensable in regulat-
ing various cellular biological behaviors, including
cell adhesion, proliferation, and migration (Zhang
and Shay 2017). Furthermore, mice with reduced
APC expression exhibit elevated aerobic glycolysis,
squamous cell carcinoma proliferation, and tumor
progression (Wang et al. 2021). Consistent with the
above evidence, our findings uncovered that reduced
APC expression showed involvement in elevated
migration, proliferation, invasion and cell colony
number, along with diminished apoptosis rate, cell
doubling time and cell scratch healing ability in OC
cells. Besides, Sevo could hinder APC expression by
regulating TRDMT1 to boost m5C modification of
APC mRNA, as we discussed before. Consequently,
Sevo promotes OC cell metastasis, proliferation, and
invasion and inhibits apoptosis via modulation of
TRDMT1/APC expression.

Furthermore, APC is a component of the Wnt
signal system, and it possesses the capacity to
modulate B-catenin level (Kuraguchi et al. 2006).
Downstream genes like Cyclin D1 and C-myc,
are activated by the loss of APC activity and

stabilized p-catenin (Yang et al. 2012; Yang et al.
2011). Cyclin D1 facilitates the progression of the
cell cycle, whereas c-myc stimulates aerobic gly-
colysis via upregulating genes involving glyco-
lysis (Wang et al. 2021). Mechanically, the altera-
tions in the APC gene can stabilize and activate
p-catenin, which leads to its nuclear accumulation
and the constitutive activation of c-myc and cyclin
D1 (Wang et al. 2018). Unsurprisingly, we noted
that Sevo could activate p-catenin and up-regulate
Cyclin D1, B-catenin and C-myc levels, which were
bound up with its modulation of cell cycle progres-
sion, conforming to the existing evidence (David-
son and Niehrs 2010; Sherr 1996; Shtutman et al.
1999). Moreover, Sevo regulates APC expression
via TRDMTI1-mediated m5C modification, and
APC is implicated in apoptosis, cell cycle regula-
tion, migration, and differentiation by means of
B-catenin activation in colon cancer (Zhang et al.
2016). However, down-regulated APC did not sig-
nificantly affect the expression of TRDMTI, dem-
onstrating that APC is downstream of TRDMT]I.
On the other hand, drug-induced G2/M cell cycle
arrest is enhanced via DNMT2/TRDMTI1 gene
knockdown in breast cancer and glioblastoma cells
(Bloniarz et al. 2021). In short, Sevo regulates cell
cycle progression through the B-catenin/TRDMT1/
APC pathway.

The Wnt/p-catenin pathway is a remarkably con-
served signaling network that encompasses Wnt
proteins, intracellular proteins like Dishevelled
and APC, as well as transcription factors includ-
ing P-catenin and T-cell and lymphoid enhancer
factor (Maguschak and Ressler 2012; Mulligan
and Cheyette 2012). As reported, colorectal can-
cer cell proliferation, spread, and invasiveness
are effectively suppressed by limiting the Wnt/f-
catenin pathway (Xu et al. 2016). After pB-catenin
interference plasmid was transfected into OC cells,
our results displayed attenuated OC cell prolifera-
tive vitality, invasion, and migration, together with
an incremental cell apoptosis rate, indicating that
knockdown of f-catenin could partly counteract
the regulatory effects of Sevo on OC cell biologi-
cal functions. Similar effects have been observed
in other studies; for instance, inhibiting B-catenin
curbs cell proliferation and facilitates cell death in
diverse soft tissue sarcoma cell lines (Martinez-
Font et al. 2020). Shortly, B-catenin inhibition
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exerts reversible effects for the regulations of Sevo
on OC cell cycle, invasion, migration, and growth.
Lastly, we subcutaneously injected Sevo-pretreated
OC cells or TRDMT1-knockdown OC cells into
nude mice to develop OC xenograft tumor animal
models. The findings disclosed similar results as
cell experiments that Sevo therapy up-regulated
TRDMTI1 and p-catenin expression levels and
down-regulated APC expression, whereas after
TRDMTI1 expression was suppressed, APC level
rose and fB-catenin level fell, which suggested that
Sevo could activate the APC/B-catenin pathway
through TRDMT1-mediated m5C modification to
promote OC growth in vivo.

Evidence suggests that Sevo can promote the pro-
liferation and migration of ovarian cancer in a vari-
ety of ways. Masashi Ishikawa and his colleagues
reported for the first time that exposure of ovarian
cancer cells to volatile anesthetics such as desflu-
rane, sevoflurane, and isoflurane could accelerate
cell migration, which was eliminated by CXCR2
knockout (Iwasaki et al. 2016). Then, they found
that Sevo could enhance ovarian cancer cell prolif-
eration and migration by down-regulating miR-210
and miR-138 (Ishikawa et al. 2021). Recent data
have suggested that Sevo can up-regulate GLUT]I,
MPC1, and GLUDI1 expression levels in ovarian
cancer cells, augment the Erk pathway and HIF-1la
expression to modulate glucose metabolism and
signal transduction, hence promoting the malignant
progression of ovarian cancer (Hu et al. 2023). The
above evidence indicates that Sevo can regulate
ovarian cancer malignant behaviors through various
mechanisms. Nonetheless, there are still few stud-
ies on the role and mechanism of Sevo in promoting
ovarian cancer and other cancers. Numerous studies
have reported that TRDMT1 is regulated by various
stress responses (Bloniarz et al. 2021; Li et al. 2022;
Thiagarajan et al. 2011). We found that Sevo stimu-
lation induced TRDMT1 expression in our prelimi-
nary experiments, and therefore further investigated
the mechanism by which Sevo regulated TRDMT1
expression to promote the malignant behaviors of
ovarian cancer, which was one of the most impor-
tant innovations of this study. However, the exact
mechanism by which Sevo induces TRDMT1 expres-
sion is not clear, which is one of the limitations of
this study. We will further delve into the molecular

@ Springer

mechanism of Sevo-induced TRDMT1 expression in
subsequent studies.

In conclusion, our study first investigates the
effects of Sevo on OC biological behaviors and
the molecular mechanism of Sevo regulating the
APC/B-catenin pathway via modulating m5C meth-
ylation of APC mRNA through TRDMTI. Sevo
promoted the malignant progression of OC cells
via the RDMTI1/APC axis. Sevo activated the
APC/B-catenin pathway via TRDMTI-mediated
m5C modification to strengthen OC growth in vivo.
This study elucidated the possible mechanism of
Sevo affecting the progression of OC for the first
time. Therefore, the selection of anesthetics and
their dosage and timing may be important links in
the clinical treatment of cancer. However, this study
encountered some limitations. For example, there is
a lack of clinical data to confirm the role of Sevo
in OC prognosis, the sample size of animal experi-
ments is limited, and there is no complete mecha-
nism verification experiment in vivo. Future studies
should collect clinical data to further analyze the
role of Sevo in OC prognosis and expand the scale
of animal experiments to further verify the molecu-
lar mechanism of Sevo in promoting OC growth
in vivo through TRDMT1-mediated m5C modifica-
tion to activate the APC/p-catenin pathway.
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