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Aim: N6-methyladenosine (m6A) RNA methylation exerts a regulatory effect on
endometrioid ovarian cancer (EOC), but the specific m6A regulator genes in EOC remain to
be explored. This study investigated that sulforaphene (Sul) is implicated in EOC
development by regulating methyltransferase-like 3 (METTL3). Methods: The
dysregulated m6A RNA methylation genes in EOC were determined by methylated RNA
immunoprecipitation (MeRIP-seq) and RNA sequencing. The roles of METTL3 and/or Sul on
viability, proliferative ability, cell cycle, and apoptosis of EOC cells were determined by
MTT, colony formation, flow cytometry, and TUNEL staining assay, respectively. The
expression of METTL3 and apoptosis-related proteins in EOC cells was detected by
quantitative real-time polymerase chain reaction (qRT-PCR) and western blot assays.
Results: Five m6A RNA methylation regulators (METTL3, ELF3, IGF2BP2, FTO, and
METTL14) were differentially expressed in EOC, among which METTL3 had the highest
expression level. Silencing METTL3 reduced the clonal expansion and viability of EOC cells,
and caused the cells to arrest in the G0/G1 phase. This also promoted apoptosis in the EOC
cells and activated the FAS/FADD and mitochondrial apoptosis pathways. In contrast,
overexpressing METTL3 had the opposite effect. Sul, in a dose-dependent manner, reduced
the viability of EOC cells but promoted their apoptosis. Sul also increased the levels of
IGF2BP2 and FAS, while decreasing the levels of KRT8 and METTL3. Furthermore, Sul was
able to reverse the effects of METTL3 overexpression on EOC cells.Conclusions: Sul could
suppress cell proliferation and promote apoptosis of EOC cells by inhibiting the METTL3 to
activate the FAS/FADD and apoptosis-associated pathways.
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11 Abstract

12 Aim: N6-methyladenosine (m6A) RNA methylation exerts a regulatory effect on endometrioid 

13 ovarian cancer (EOC), but the specific m6A regulator genes in EOC remain to be explored. This 

14 study investigated that sulforaphene (Sul) is implicated in EOC development by regulating 

15 methyltransferase-like 3 (METTL3). 

16 Methods: The dysregulated m6A RNA methylation genes in EOC were determined by 

17 methylated RNA immunoprecipitation (MeRIP-seq) and RNA sequencing. The roles of 

18 METTL3 and/or Sul on viability, proliferative ability, cell cycle, and apoptosis of EOC cells 

19 were determined by MTT, colony formation, flow cytometry, and TUNEL staining assay, 

20 respectively. The expression of METTL3 and apoptosis-related proteins in EOC cells was 

21 detected by quantitative real-time polymerase chain reaction (qRT-PCR) and western blot assays. 

22 Results: Five m6A RNA methylation regulators (METTL3, ELF3, IGF2BP2, FTO, and 

23 METTL14) were differentially expressed in EOC, among which METTL3 had the highest 

24 expression level. Silencing METTL3 reduced the clonal expansion and viability of EOC cells, 

25 and caused the cells to arrest in the G0/G1 phase. This also promoted apoptosis in the EOC cells 

26 and activated the FAS/FADD and mitochondrial apoptosis pathways. In contrast, overexpressing 
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27 METTL3 had the opposite effect. Sul, in a dose-dependent manner, reduced the viability of EOC 

28 cells but promoted their apoptosis. Sul also increased the levels of IGF2BP2 and FAS, while 

29 decreasing the levels of KRT8 and METTL3. Furthermore, Sul was able to reverse the effects of 

30 METTL3 overexpression on EOC cells.

31 Conclusions: Sul could suppress cell proliferation and promote apoptosis of EOC cells by 

32 inhibiting the METTL3 to activate the FAS/FADD and apoptosis-associated pathways. 

33 Keywords: Endometrioid ovarian cancer; Sulforaphene; Methyltransferase-like 3; FAS; FASL

34 Introduction

35 About one-tenth of all epithelial ovarian cancers are endometrioid ovarian cancers (EOC), a 

36 rare kind of ovarian cancer (OC) (Pierson et al., 2020). The development of EOC is related to 

37 endometriosis. Approximately 26% of EOC patients were found to have endometriosis when 

38 undergoing surgery, while the probability of endometriosis in the uterus of other tumor patients 

39 was less than 6% (Wilbur et al., 2017). Patients with recurrent EOC have a dismal prognosis, 

40 although the fact that EOC has a better prognosis than other kinds of OC (Pujade-Lauraine et al., 

41 2016). To further enhance the prognosis of patients with EOC, it is vital to discover safe and 

42 efficient medications. 

43 Inducing apoptosis is an important way to treat malignant tumors, and it has also become 

44 one of the important strategies to treat EOC. As a classical apoptotic mechanism, the FAS/FAS 

45 ligand (FASL) pathway has emerged as the primary method of cancer treatment (Peng et al., 

46 2022). It is worth noting that the genetic polymorphism of FAS and FASL, as well as the low or 

47 nonexistent expression of the FAS gene in EOC, are coupled to the risk and prognosis of patients 

48 with EOC (Li et al., 2013;  Chaudhry et al., 2010), which means that focusing on FAS/FASL 

49 pathway may be a crucial way to treat EOC. Interestingly, N6-methyl adenine (M6A), a 

50 reversible mRNA modification method, has been reported to exert a vital effect on many 

51 pathways such as mammalian apoptosis and tumorigenesis (Sun et al., 2019). The methylation 

52 process of m6A RNA is mainly controlled by m6A methyltransferase, m6A demethylase, and 

53 m6A reading protein. Methyltransferase-like 3 (METTL3) is an m6A methyltransferase, which is 
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54 the catalytic core of the m6A complex (Gao et al., 2021). A study by Bi et al. pointed out that 

55 METTL3 was over-expressed in OC, resulting in a decrease in the apoptosis rate of OC (Bi et al., 

56 2021), which may be attributed to the METTL3-mediated increase of m6A methylation of 

57 mRNA related to apoptosis (Xu et al., 2021). Therefore, targeting METTL3 may regulate the 

58 alterations of the apoptosis signaling pathway downstream of FAS by mediating the methylation 

59 of mRNA. 

60 The active component in Cruciferae plants known as sulforaphene (Sul) has been shown to 

61 have numerous anticancer properties, including the ability to induce tumor cell apoptosis and 

62 suppress tumor cell proliferation (Chatterjee et al., 2016; Pawlik et al., 2017). Additionally, Sul 

63 has an anti-cancer function in OC, and the underlying mechanism is connected to the control of 

64 the cell cycle and apoptosis (Hudecova et al., 2016; Chang et al., 2013). However, uncertainty 

65 exists over whether Sul controls the growth of EOC by a comparable mechanism. Notably, Anna 

66 et al. pointed out that the anticancer effect of Sul in breast cancer was associated with the 

67 regulation of m6A RNA methylation (Lewinska et al., 2017). Nevertheless, the impact of Sul on 

68 methylation regulation of m6A RNA has not been proved in EOC. Therefore, the purpose of this 

69 investigation is to establish if Sul can perform an anti-tumor effect by controlling the methylation 

70 of mRNA, which is mediated by METTL3. 

71 Materials and Methods

72 Cell culture

73 Human EOC cell line COV362 was ordered from Nanjing Cobioer Biosciences Co. Ltd 

74 (Nanjing, China) and was cultured with DMEM complete medium (CBP50008, Cobioer, China) 

75 at 37°C incubator with 5% CO2. 

76 Clinical specimens

77  EOC samples (n=3) and ovarian endometriosis (OE) samples (n=3) were obtained from 

78 patients who underwent surgery at Zhejiang Cancer Hospital and were histopathologically 

79 assessed by two trained gynecological pathologists before use in this investigation. Forms for 

80 informed consent were signed by all patients. The Zhejiang Cancer Hospital Ethics Committee 
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81 gave its approval for the collection and analysis of human samples (No. IRB-2021-350). 

82 Methylated RNA Immunoprecipitation (Me-RIP)-sequencing and data analysis

83 The procedure of sequencing was conducted as previously described (Yang et al., 2022). 

84 Total RNA from COV362 cells was extracted using Trizol (T11196, Saint-Bio, China), the 

85 purity and integrity of which were determined by Qubit 4 (ThermoFisher, USA) and Bioanalyzer 

86 2100 (Agilent, USA). RNA was captured by Dynabeads Oligo (dT) (25-61005, Thermo Fisher, 

87 USA), and the obtained RNA was broken into small fragments of about 100 nt and 

88 immunoprecipitated with m6A-specific antibodies (202003, Synaptic Systems, Germany). The 

89 collected RNA fragments containing m6A modifications were used for the construction of a 

90 cDNA library using the dUTP method. Finally, double-ended sequencing was conducted using 

91 Illumina Novaseq� 6000 according to standard procedures. The samples' quality was checked 

92 by Fastp software, after which HISAT2 mapped the data onto the genome. With visualization 

93 provided by the IGV (Thorvaldsdóttir et al., 2013) program and annotation provided by 

94 ChIPseeker (Yu et al., 2015), ExomePeak (Meng et al., 2014) was used for Peak calling analysis 

95 and gene difference Peak analysis. StringTie (Pertea et al., 2015) was used for quantification, 

96 HOMER and MEME2 were utilized for motif analysis, and edgeR (Robinson et al., 2010) was 

97 used for difference analysis.  

98 Cell transfection 

99 Specific small interfering RNA (siRNA) targeting METTL3 (si-METTL3,  si-

100 METTL3#1:AGCTACAGATCCTGAGTTAGAGA,si-

101 METTL3#2:GAGTTGATTGAGGTAAAGCGAGG, si-METTL3#3: 

102 ATGTTGATCTGGAGATAGAGAGC) and its negative control (si-NC) were synthesized by 

103 Genscript (China). The overexpression vector for METTL3 was constructed by cloning its full-

104 length sequence into the pcDNA3.1 vector (pcDNA3.1-METTL3, VT1001, Youbio, China). To 

105 knock down or over-express METTL3 in cells, the synthesized sequences or plasmids were 

106 transfected into COV362 cells by different transfection reagents (11668027 and 13778030, 

107 ThermoFisher, USA). Transfection reagents and plasmids or siRNA were diluted in advance 
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108 with serum-free medium and subsequently mixed and incubated with cells for 48 hours. 

109 Cell treatment

110 The experiment was conducted in three stages. First, the effects of overexpression or 

111 silencing of METTL3 on EOC cells were determined by the loss and gain of function experiment. 

112 Then, the cells were incubated with different concentrations of sulforaphene (Sul, 20, 40, 60 μM, 

113 HY-N2450, MedChemExpress, China) to assess the effect of Sul. Finally, the cells 

114 overexpressing METTL3 were incubated with Sul (60 μM) to assess whether Sul could block the 

115 effect of pcDNA3.1-METTL3.

116 Quantitative real-time polymerase chain reaction (QRT-PCR)

117 Total RNA from COV362 cells was extracted using Trizol reagent (Thermo Fisher 

118 Scientific, USA). A Nanodrop 2000 instrument (Thermo Scientific) was used to measure RNA 

119 concentrations. The cDNA was generated from RNA using an RT reagent Kit (CW2569, 

120 CWBIO, China). Thereafter, qPCR was performed using qPCR SuperMix (AQ131, TransGen 

121 Biotech, China). It was performed using a CFX Connect system (Bio-rad, USA). at 95 °C for 

122 600 s, 95 °C for 10 s,65 °C for 60 s, 97 °C for 1 s, and 37 °C for 30 s, for a total of 40 cycles. 

123 The primer sequences for RT-PCR are displayed as follows: METTL3, Forward: 5′-

124 CCCTATGGGACCCTGACAG-3′, Reverse: 5′-CTGGTTGAAGCCTTGGGGAT-3′; ELF3, 

125 Forward: 5′-CCACTCCGGTAGCCTCATGG-3′, Reverse: 5′-

126 AAACCATCGCTGGGGAAGAG-3′; IGF2BP2, Forward: 5′-

127 ACTGCAGGCTAAGGGAGAGA-3′, Reverse: 5′-CGCAGCGGGAAATCAATCTG-3′; FTO, 

128 Forward: 5′-TGATCTCAATGCCACCCACC-3′, Reverse: 5′-

129 TGTGCCTTATCAACCTGGGAG-3′; METTL14, Forward: 5′-

130 GTAGCACAGACGGGGACTTC-3′, Reverse: 5′-GCCAGCCTGGTCGAATTGTA-3′; Fas, 

131 Forward: 5′-CGGAGTTGGGGAAGCTCTTT-3′, Reverse: 5′-TTTGGTGCAAGGGTCACAGT-

132 3′; KRT8, Forward: 5′-GAATGAATGGGGTGAGCTGGA-3′, Reverse: 5′-

133 TCTGGTTGACCGTAACTGCG-3′; GAPDH , Forward: 5′-

134 CGGAGTCAACGGATTTGGTCGTAT-3′, Reverse: 5′-

PeerJ reviewing PDF | (2023:07:88795:2:0:NEW 22 Sep 2023)

Manuscript to be reviewed



135 AGCCTTCTCCATGGTGGTGAAGAC-3′. GAPDH was regarded as the internal reference. The 

136 2-ΔΔCT method was used for calculating the relative transcription level of the target gene.  

137 Western blot assay

138 COV362 cells were firstly lysed in RIPA Buffer (T10272, Saint-Bio, China) and 

139 centrifuged at 12000×g for 10 min to obtain the supernatant, the concentration of which were 

140 evaluated by BCA Assay Kit (34001, Saint-Bio, China). Later, a 10% sodium dodecyl sulfate-

141 polyacrylamide gel electrophoresis (SDS-PAGE) gel was employed for the separation of proteins 

142 that were electro-transferred onto a membrane (IPVH00010, Saint-Bio, China). After the non-

143 specific sites were blocked by 5% (w/v) nonfat dry milk, the membrane was reacted with 

144 primary antibodies against METTL3 (1:1000, ab195352, Abcam), FAS (1:1000, AF5342, 

145 Affinity), phospho-FADD (1:1000, DF2996, Affinity), FADD (1:1000, DF7674, Affinity), 

146 Caspase-8 (1:1000, AF6442, Affinity), Caspase-3 (1:1000, AF6311, Affinity), Bcl-2 (1:1000, 

147 AF6139, Affinity), Bax (1:1000, AF0120, Affinity), and GAPDH (1:5000, AF7021, Affinity) 

148 overnight at 4 ℃. GAPDH was regarded as the internal reference. Following the incubation with 

149 secondary HRP-linked anti-rabbit IgG antibody (1:3000, #7074, Cell Signaling Technology) for 

150 2 hours, the band signals were detected by a Chemiluminescence imaging system (ChemiScope 

151 6000, Clinex, China) equipped with ECL reagent kits (T15139, Saint-Bio, China). Finally, the 

152 band intensity was measured by Image J software (Bethesda, MD). 

153 MTT assay

154 MTT kit (20311, Saint-Bio, China) was employed to determine the cell viability. Briefly, 

155 cells were planted into 96-well plates and then treated differently according to the experimental 

156 requirements. 20 µL MTT was added to the reaction well and incubated for 4 hours. After the 

157 purple crystal was dissolved by the Formazan reagent, the absorbance (570 nm) of the reaction 

158 well was determined using a microplate plate reader (SpectraMax Mini, Molecular Devices, 

159 USA). The half maximal inhibitory concentration (IC50) of Sul was calculated according to the 

160 results. 

161 Colony formation assay
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162 The treated cells were first seeded into a 6-well plate with 1000 cells per well and cultured 

163 there for 14 days with a medium change every three days. After the culture, the cells were fixed 

164 with paraformaldehyde solution (R23025, Saint-Bio, China) and stained with crystal violet 

165 (R21877, Saint-Bio, China), after which the number of colonies was counted under a microscope 

166 (ECLIPSE E100, Nikon, Japan). 

167 Cell cycle and apoptosis assay

168 The cell cycle and apoptotic cells were determined by the Cell cycle kit (R21806, Saint-Bio, 

169 China) and Annexin V-FITC/ Propidium Iodide (PI) double staining kit (G003, Nanjing 

170 Jiancheng Bioengineering Institute, China), respectively. For cell cycle examination, cells were 

171 centrifuged at 1000×g for 5 min and then re-suspended in pre-cooled phosphate buffer saline 

172 (PBS). After centrifugation in the same way, the cells were resuspended in precooled 70% 

173 ethanol and kept for 2 hours. Then, after washing the cells with PBS, the cells were stained with 

174 a PI solution for 30 minutes. The results were analyzed by flow cytometry (CytoFLEX LX, 

175 Beckman Coulter, USA). For cell apoptosis examination, cells were centrifuged at 1000×g for 5 

176 min and then re-suspended in binding buffer, after which the cells were stained with Annexin V-

177 FITC solution (5 μL) and PI solution (5 μL) for 10 min. The results were analyzed by flow 

178 cytometry. 

179 Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay 

180 The TUNEL (red) Cell Apoptosis Detection Kit (G1502, Servicebio, China) was employed 

181 to detect the apoptotic cells. Cells were inoculated on chamber slides and then treated differently 

182 according to the experimental requirements. The cells were fixed for 20 minutes by adding 

183 paraformaldehyde solution to each chamber slide, after which cells were immersed in Triton-X-

184 100 solution (T16608, Saint-Bio, China) for incubation for 5 minutes. After washing the sample 

185 with PBS twice, the liquid on the chamber slides was absorbed with filter paper. Each sample 

186 was dripped with 50 μL of equalization buffer and incubated for 10 minutes. After washing, the 

187 cells were incubated with TdT incubation buffer for 1 hour and then DAPI solution (G1012, 

188 Servicebio, China) for 8 minutes. Following dyeing, an anti-fade mounting medium (G1401, 
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189 Servicebio, China) was used to seal the samples, and the samples were analyzed under a 

190 fluorescence microscope (Nikon Eclipse C1, Nikon, Japan).

191 Statistical analysis

192 All cell experiments were repeated three times and statistical analysis was realized by 

193 adopting SPSS 16.0 software. All the quantitative data are represented as the mean ± standard 

194 deviation (SD) in our experiment. Differences among multiple groups were determined via one-

195 way Analysis of variance (ANOVA) with the SNK test. An independent sample T-test was used 

196 for heterogeneity of variance. Kruskal-Wallis H test was used for the measurement data that does 

197 not conform to normal distribution. Data with differences (probabilities of 0.05 or less for P-

198 values) were regarded as statistically significant. 

199 Results

200 METTL3 was overexpressed in EOC 

201 We selected EOC (n=3) and OE (n=3) samples for transcriptome-wide detection of m6A 

202 modifications and got the top 100 differentially expressed genes, the differential expression heat 

203 map of which were shown in Figure 1A. GO and KEGG analysis revealed that these genes were 

204 related to cell proliferation, extracellular matrix, and cancer- and cel-cycle-related pathways 

205 (Figure 1B-C). A heat map was created to study differential expression profiles of methylation-

206 related genes in EOC and OE (Figure 1D). Among these methylation-related genes, METTL3, 

207 ELF3, IGF2BP2, FTO, and METTL14 were verified to be overexpressed in EOC relative to the 

208 OE group, especially the METTL3 (Figure 1E, P<0.05). 

209 Silencing METTL3 suppressed the malignant phenotypes of EOC cells

210 We evaluated the efficiency of si-METTL3 and pcDNA3.1-METTL3 by qRT-PCR and 

211 western blot. The results unveiled that all three siRNA had inhibitory effects, among which si-

212 METTL3#1 had the most significant inhibitory effect, so the si-METTL3#1 was used in 

213 subsequent experiments (Figure 2A-B, P<0.05). At the same time, pcDNA3.1-METTL3 

214 successfully promoted the mRNA and protein levels of METTL3 (Figure 2A-B, P<0.01). Next, 

215 our findings uncovered that si-METTL3 or pcDNA3.1-METTL3 did not significantly affect the 
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216 cell viability after 24 hours of treatment, but after 48 hours and 72 hours of treatment, the former 

217 inhibited the cell viability, while the latter fostered the cell viability (Figure 3C, P<0.05). 

218 Furthermore, si-METTL3 attenuated the clonal expansion of EOC cells and induced the EOC 

219 cells to arrest in the GO/G1 phase, while pcDNA3.1-METTL3 did the opposite (Figure 2D-E, 

220 P<0.05). 

221 Silencing METTL3 fostered the apoptosis of EOC cells by regulating FAS/FASL pathway 

222 TUNEL assay exhibited that the apoptotic cells were increased by si-METTL3 and were 

223 diminished by pcDNA3.1-METTL3 (Figure 3A, P<0.05). To further analyze the molecular 

224 mechanism of METTL3 leading to the above results, we detected the expression of FAS/FASL 

225 pathway-related proteins. Si-METTL3 caused the upregulation of FAS, p-FADD/FADD, 

226 caspase-8, caspase-3, Cleaved caspase-8, Cleaved caspase-3, and Bax as well as the 

227 downregulation of Bcl-2, while pcDNA3.1-METTL3 did the opposite (Figure 3B, P<0.05). All 

228 these evidences indicated that silencing METTL3 fostered the apoptosis of EOC cells by 

229 regulating the FAS/FASL pathway. 

230 Sul dose-dependently inhibited viability promoted apoptosis and regulated the expression 

231 of IGF2BP2, FAS, KRT8, and METTL3.

232 To screen for the working concentration of Sul, we treated EOC cells for different times (24, 

233 36, and 48 hours) with different concentrations (40, 60, 80, and 100 μM) of Sul and calculated 

234 different IC50 values (Figure 4A), respectively. IC50 values for the three different treatment 

235 times were all around 60 μM. The results of flow cytometry illustrated that with the increase of 

236 Sul concentration from 20 μM to 60 μM, the apoptosis rate gradually elevated (Figure 4B-C, 

237 P<0.01). Moreover, the mRNA contents of IGF2BP2 and FAS were upregulated, while those of 

238 KRT8 and METTL3 were downregulated as the Sul concentration raised (Figure 4D, P<0.05). 

239 Effect of pcDNA3.1-METTL3 on malignant phenotypes of EOC cells was reversed by Sul

240 To explore whether Sul has an anti-cancer effect by inhibiting METTL3, we treated the 

241 cells overexpressing METTL3 with Sul. Interestingly, the increases in cell viability (Figure 5A, 

242 P<0.05) and clonal expansion capacity (Figure 5B, P<0.05) as well as the decreases in apoptosis 
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243 (Figure 5C, P<0.05) induced by pcDNA3.1-METTL3 in COV362 cells were reversed after Sul 

244 treatment (Figure 5A-C, P<0.01). Furthermore, we found that the effect of METTL3 

245 overexpression on the expression levels of FAS, FADD, p-FADD, Bcl-2, Bax, and Cleaved 

246 Caspase-3 in COV362 cells was reversed under Sul treatment (Figure 5D, P<0.01). To sum up, 

247 these results showed that Sul might impede the malignant development of EOC by inhibiting 

248 METTL3. 

249 Discussion 

250 Accumulated evidence suggests that the dysmethylation of m6A is closely related to the 

251 development of OC and, in particular, affects the malignancy and prognosis of OC (Zhang et al., 

252 2021). In this study, we determined that the METTL3 gene is the key gene that affects the 

253 development of EOC by combining MeRIP-seq and RNA sequencing. There has been evidence 

254 that METTL3 is highly expressed in human OC tissue and is related to lymph node metastasis 

255 and high pathological grade (Liang et al., 2020). Additionally, METTL3 is considered to be the 

256 primary gene responsible for OC metastasis, which can promote the maturation of miR-126-5p 

257 through m6A modification and activate the signal pathway related to survival, foster OC 

258 metastasis through m6A modification of TRPC3 mRNA, exert a carcinogenic effect on OC by 

259 stimulating AXL translation and epithelial-mesenchymal transformation (Hua et al., 2018; Shen 

260 et al., 2022; Bi et al., 2021). Although the role of METTL3 in OC has been completely 

261 established, it is unknown if METTL3 functions in the same way throughout the various 

262 subtypes of OC. In our study, we mainly focused on EOC, an epithelial ovarian cancer, and 

263 found that silent METTL3 could inhibit cell viability and proliferative capacity, promote 

264 apoptosis, and induce cell cycle arrest in the G0/G1 phase, indicating that METTL3 performed a 

265 similar role in EOC as it did in OC. In addition, Ma et al. pointed out that silencing METTL3 in 

266 another epidemiologic ovarian cancer can also weaken cell proliferation and migratory ability 

267 and promote cell apoptosis (Ma et al., 2020). These pieces of evidence indicate that METTL3 

268 may act in a similar carcinogenic manner in various OC cell subtypes, which undoubtedly helps 

269 to improve the robustness of the preclinical research of METTL3 against OC. 
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270 We also found that silencing METTL3 can activate FAS/FADD apoptosis pathway and 

271 apoptosis-related pathway. The combination with FAS FASL can induce apoptosis of Fas-

272 carrying cells, and this process requires the recruitment of FADD to produce active-caspase-8, 

273 which cleaves caspase-3 to initiate apoptosis (Sun et al., 2022). Activation of Fas/FADD is the 

274 key step to start the external apoptosis process, and the loss of related genes in the Fas/FADD 

275 apoptosis pathway will lead to a poor prognosis of OC (Duiker et al., 2010). In our investigation, 

276 the expression of FAS, p-FADD/FADD, caspase-8, and caspase-3 was promoted by silencing 

277 METTL3, which indicated that silencing METTL3 promoted the apoptosis of EOC cells by 

278 triggering FAS/FADD apoptosis pathway. At the same time, we unearthed that silencing 

279 METTL3 can also control the production of Bax and Bcl-2, which are the essential proteins in 

280 mitochondrial apoptosis. According to the accumulating data, increasing the ratio of Bax/Bcl-2 

281 can effectively alleviate the metastasis and development of OC (Zhang et al., 2019; Liu et al., 

282 2017). Previous research has reported that silencing METTL3 can increase the ratio of Bax/Bcl-2, 

283 trigger mitochondrial apoptosis, and prevent the development of lung cancer cells (Wei et al., 

284 2019). These effects appear to be related to the inhibition of m6A modification of Bcl-2 by 

285 METTL3 (Zhang et al., 2021). Similarly, our findings also suggested that silencing METTL3 

286 may promote the apoptosis of EOC cells by triggering the apoptosis pathway by altering the 

287 Bax/Bcl-2 signaling pathway. 

288 Although Sul has been mentioned in previous articles as an epigenetic regulator with the 

289 ability to regulate DNA methyltransferase, histone deacetylase, non-coding RNA, etc (Su et al., 

290 2018), this study marks the first time that Sul has been proven to be capable of targeting m6A 

291 methyltransferase METTL3. In addition, although the role of Sul in OC has been extensively 

292 covered, its role in EOC has only recently come to light. Consistent with the anticancer effect of 

293 Sul in OC (Kan et al., 2018), we found that Sul fostered EOC cell apoptosis and diminished EOC 

294 cell proliferative capacity in a concentration-dependent manner. Sul reversed the carcinogenesis 

295 of pcDNA3.1-METTL3, which indicated that Sul partly prevented the development of EOC by 

296 reducing the expression of METTL3. Furthermore, Sul upregulated the levels of insulin growth 
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297 factor 2 mRNA binding protein 2 (IGF2BP2) and FAS as well as downregulated the levels of 

298 KRT8 and METTL3. IGF2BP2, localized on chromosome 3q27, a m6A-modified reading 

299 protein, plays an important role in embryonic development that is lowly expressed in normal 

300 adult tissues and can act as a post-transcriptional regulator of mRNA localization, stabilization, 

301 and translation by stabilizing mRNAs to extend their half-life, while KRT8 is a marker of 

302 epithelium, both of which are reported to be related to the development of OC (Prayudi et al., 

303 2020; Park et al., 2022). The link between METTL3 and KRT8 is yet unknown, however, it 

304 appears that IGF2BP2 is necessary for METTL3's regulatory action on m6A modification (Wang 

305 et al., 2022). IGF2BP2 is up-regulated in a variety of tumors, and its biological activity 

306 contributes to cancer formation by interacting with various non-coding RNAs including 

307 microRNAs (miRNAs), long non-coding RNAs (lncRNAs), and circular RNAs (circRNAs) 

308 (Wang et al., 2021). It was surprising that the expression of IGF2BP2 increased in COV362 cells 

309 treated with Sul. As a result, there may be a part of the intracellular compensatory response in 

310 EOC. More importantly, our study also has some limitations. Future studies are necessary to 

311 address whether a specific pathway or mechanism by which Sul affects IGF2BP2 directly. And, 

312 the more details of clinical trials and basic scientific research need further study in the future. 

313 In conclusion, our study shows that the knockdown of METTL3 has significantly inhibited 

314 cell proliferation and promoted cell apoptosis in vitro, while an opposite effect was observed in 

315 COV362 cells with METTL3 overexpression. Additionally, we report that the Sul contributed to 

316 an increase in cell apoptosis of COV362 cells, and disrupted the effect of METTL3 

317 overexpression on cell proliferation and apoptosis in EOC. These results showed that Sul-

318 induced METTL3-dependent apoptosis, which might be related to the FAS/FADD and Bax/Bcl-

319 2 associated pathway, might provide its clinical potential applications for preventing and treating 

320 EOC. 
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464

465 Figure legends

466 Figure 1 Identification of methylation-associated genes in endometrioid ovarian cancer. (A) 

467 Representative heatmap of differentially expressed genes between the endometrioid ovarian 

468 cancer (EOC) and ovarian endometriosis (OE). (B) Gene Ontology (GO) analysis of 

469 differentially expressed genes. (C) Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis 

470 of differentially expressed genes. (D) Representative heatmap of methylation-associated genes. 

471 (E) Relative expression of methylation-associated genes METTL3, ELF3, IGF2BP2, FTO, and 

472 METTL14 in EOC and OE tissues. *P<0.05, **P<0.01 vs. OE group. 

473 Figure 2 Effect of METTL3 on COV362 cell proliferation. (A, B) Relative expression of 

474 METTL3 in COV362 cells transfected with siRNA against METTL3 or pcDNA3.1 

475 overexpressed METTL3 was assessed by qPCR and Western blot analysis, respectively. (C) The 

476 viability of cells was evaluated by a CCK-8 assay. (D) Colony formation assays were performed 

477 in COV362 cells treated with si-NC, si-METTL3, pcDNA3.1, or pcDNA3.1-METTL3. (E) 

478 Representative images of the cell cycle in COV362 cells after silencing METTL3 or elevating 

479 METTL3 were analyzed by flow cytometry. ▲P<0.05, ▲▲P<0.01 vs. si-NC group; *P<0.05, 

480
**P<0.01 vs. PcDNA3.1 group. 

481 Figure 3 Effect of METTL3 on COV362 cell apoptosis. (A) Representative images of cell 

482 apoptosis in COV362 cells after silencing METTL3 or elevating METTL3 were analyzed by 

483 Tunel staining. scale bar=50 μm. (B) FAS, FADD, p-FADD, Caspase-8, Caspase-3, Cleaved 

484 Caspase-8, Cleaved Caspase-3, Bcl-2, and Bax protein expressions were determined in COV362 
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485 cells with METTL3 knock-down or overexpression through western blotting. ▲P<0.05, 

486
▲▲P<0.01 vs. si-NC group; *P<0.05, **P<0.01 vs. PcDNA3.1 group. 

487 Figure 4 Sulforaphene promoted cell apoptosis of COV362 cells. (A) CCK-8 analysis 

488 suggested that the cell viability of COV362 cells was inhibited by a dose-dependent manner of 

489 sulforaphene (Sul) treatment. (B) Representative pictures of apoptosis of Sul-treated COV362 

490 cells that were measured by FACS analysis. (C) The relative apoptosis rate of COV362 cells 

491 treated with the different concentrations of Sul. (D) Effect of different concentrations of Sul on 

492 IGF2BP2, FAS, KRT8, and METTL3 mRNA levels, as assessed by qPCR. ▲P<0.05, ▲▲P<0.01 

493 vs. control group. 

494 Figure 5 Sulforaphene prevented the effects of METTL3 overexpression on COV362 cells. (A) 

495 Cell proliferation of COV362 cells was measured using CCK-8 assay at 24h, 48h, 72h, and 96h. 

496 (B) Cell proliferation was also assessed by clone formation assays in METTL3-overexpressed 

497 COV362 cells treated with high-dose sulforaphene. (C) Flow cytometry results show that the 

498 effects of sulforaphene increased cell apoptosis in the COV362 cells with METTL3 

499 overexpression. (D) The expression level of FAS, FADD, p-FADD, Bcl-2, Bax, and Cleaved 

500 Caspase-3 in Sul-treated COV362 cells with METTL3 overexpression was determined by 

501 western blot. ▲P<0.05, ▲▲P<0.01 vs. pcDNA3.1 group; *P<0.05, **P<0.01 vs. pcDNA3.1-

502 METTL3 group. 
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Figure 1
Figure 1

Figure 1 Identification of methylation-associated genes in endometrioid ovarian

cancer. (A) Representative heatmap of differentially expressed genes between the
endometrioid ovarian cancer (EOC) and ovarian endometriosis (OE). (B) Gene Ontology (GO)
analysis of differentially expressed genes. (C) Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis of differentially expressed genes. (D) Representative heatmap of
methylation-associated genes. (E) Relative expression of methylation-associated genes

METTL3, ELF3, IGF2BP2, FTO, and METTL14 in EOC and OE tissues. *P<0.05, **P<0.01 vs. OE
group.
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Figure 2
Figure 2

Figure 2 Effect of METTL3 on COV362 cell proliferation. (A, B) Relative expression of
METTL3 in COV362 cells transfected with siRNA against METTL3 or pcDNA3.1 overexpressed
METTL3 was assessed by qPCR and Western blot analysis, respectively. (C) The viability of
cells was evaluated by a CCK-8 assay. (D) Colony formation assays were performed in
COV362 cells treated with si-NC, si-METTL3, pcDNA3.1, or pcDNA3.1-METTL3. (E)
Representative images of the cell cycle in COV362 cells after silencing METTL3 or elevating

METTL3 were analyzed by flow cytometry. ▲P<0.05, ▲▲P<0.01 vs. si-NC group; *P<0.05,
**P<0.01 vs. PcDNA3.1 group.
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Figure 3
Figure 3

Figure 3 Effect of METTL3 on COV362 cell apoptosis. (A) Representative images of cell
apoptosis in COV362 cells after silencing METTL3 or elevating METTL3 were analyzed by
Tunel staining. scale bar=50 μm. (B) FAS, FADD, p-FADD, Caspase-8, Caspase-3, Bcl-2, and
Bax protein expressions were determined in COV362 cells with METTL3 knock-down or

overexpression through western blotting. ▲P<0.05, ▲▲P<0.01 vs. si-NC group; *P<0.05,
**P<0.01 vs. PcDNA3.1 group.
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Figure 4
Figure 4

Figure 4 Sulforaphene promoted cell apoptosis of COV362 cells. (A) CCK-8 analysis
suggested that the cell viability of COV362 cells was inhibited by a dose-dependent manner
of sulforaphene (Sul) treatment. (B) Representative pictures of apoptosis of Sul-treated
COV362 cells that were measured by FACS analysis. (C) The relative apoptosis rate of
COV362 cells treated with the different concentrations of Sul. (D) Effect of different
concentrations of Sul on IGF2BP2, FAS, KRT8, and METTL3 mRNA levels, as assessed by

qPCR. ▲P<0.05, ▲▲P<0.01 vs. control group.
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Figure 5
Figure 5

Figure 5 Sulforaphene prevented the effects of METTL3 overexpression on COV362 cells. (A)
Cell proliferation of COV362 cells was measured using CCK-8 assay at 24h, 48h, 72h, and
96h. (B) Cell proliferation was also assessed by clone formation assays in METTL3-
overexpressed COV362 cells treated with high-dose sulforaphene. (C) Flow cytometry results
show that the effects of sulforaphene increased cell apoptosis in the COV362 cells with

METTL3 overexpression. ▲P<0.05, ▲▲P<0.01 vs. pcDNA3.1 group; *P<0.05, **P<0.01 vs.

pcDNA3.1-METTL3 group.
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