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Abstract
Background
Chemotherapy resistance remains a barrier to improving the prognosis of epithelial ovarian cancer (EOC). ALKBH5 has recently been shown to be one of the RNA N6-methyladenosine (m6A) demethyltransferases associated with various cancers, but its role in cancer therapeutic resistance remains unclear. This study aimed to investigate the role of AlkB homolog 5 (ALKBH5) in cisplatin-resistant EOC.

Methods
Functional assays were performed both in vitro and in vivo. RNA sequencing (RNA-seq), m6A-modified RNA immunoprecipitation sequencing (MeRIP-seq), chromatin immunoprecipitation, RNA immunoprecipitation, and luciferase reporter and actinomycin-D assays were performed to investigate RNA/RNA interaction and m6A modification of the ALKBH5-HOXA10 loop.

Results
ALKBH5 was upregulated in cisplatin-resistant EOC and promoted cancer cell cisplatin resistance both in vivo and in vitro. Notably, HOXA10 formed a loop with ALKBH5 and was found to be the upstream transcription factor of ALKBH5. HOXA10 overexpression also facilitated EOC cell chemoresistance both in vivo and in vitro. Collective results of MeRIP-seq and RNA-seq showed that JAK2 is the m6A-modified gene targeted by ALKBH5. The JAK2/STAT3 signaling pathway was activated by overexpression of the ALKBH5-HOXA10 loop, resulting in EOC chemoresistance. Cell sensitivity to cisplatin was rescued by ALKBH5 and HOXA10 knockdown or inhibition of the JAK2/STAT3 signaling pathway in EOC cells overexpressing ALKBH5-HOXA10.

Conclusions
The ALKBH5-HOXA10 loop jointly activates the JAK2/STAT3 signaling pathway by mediating JAK2 m6A demethylation, promoting EOC resistance to cisplatin. Thus, inhibition of the expression of the ALKBH5-HOXA10 loop may be a potential strategy to overcome cisplatin resistance in EOC.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13046-021-02088-1.
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Background
Epithelial ovarian cancer (EOC) is the most fatal gynecological malignancy worldwide [1]. Platinum-based regimens are currently the first-line chemotherapeutic modality for EOC. However, while it is initially effective, most EOC patients have a poor prognosis owing to the inherently high rate of recurrence and resistance to cisplatin agents [2]. Unfortunately, evidence supporting the appropriate approach against platinum chemoresistance in EOC is limited because of its complicated mechanism. Therefore, the mechanism underlying platinum chemoresistance in EOC needs to be explored to identify potential therapeutic targets to overcome resistance and improve prognosis.
Several mechanisms, including activation of oncogenes, mutation of antioncogene, and dysregulation of cancer-associated signaling pathway, are involved in chemoresistance [3–5]. N6-methyladenosine (m6A) modification is one of the most prevalent mRNA modification and influences mRNA transcription, stabilization, and translation [6]. The core molecules of the m6A methyltransferase complex, including methyltransferase-like 3, methyltransferase-like14, and WT1-associated protein, mediate the methylated modification [7]. Meanwhile, m6A erasers, including fat mass and obesity-associated and AlkB homolog 5 (ALKBH5), act as demethylases to reverse the m6A modifications. The fate of m6A-modified mRNA depends on specific m6A readers that contribute to various processes such as mRNA splicing, degradation, and translation [8].
Previous studies have shown that m6A modifications are involved in important cancer processes, including treatment resistance in hepatocellular carcinoma, breast cancer, and non-small-cell lung cancer [9–11]. Hao et al. recently suggested that ALKBH5 inhibited the progression of bladder cancer and sensitized bladder cancer cells to cisplatin through a casein kinase 2 α-mediated glycolysis pathway [12]. However, research on the role of m6A modification in EOC resistance to cisplatin is limited. ALKBH5 was reported to be overexpressed in EOC tissues and promoted cancer progression by inhibiting EOC cell autophagy [13]. ALKBH5 was also suggested to contribute to resistance to PARP inhibitors in BRCA1/2-mutated ovarian cancer cell lines by regulating the expression of FZD10 mRNA and mediating the Wnt signaling pathway [14]. These data suggest that ALKBH5 plays a significant role in EOC, and it might be a potential therapeutic target.
Thus, this study aimed to explore the role of ALKBH5 and the underlying regulatory mechanism in cisplatin-resistant EOC.
Materials and methods
Clinical sample collection
All patients signed informed consent before using clinical specimens. The use of specimens for this study has been proved by the ethics committee of the First Affiliated Hospital with Nanjing Medical University. Tumor tissues were obtained from patients who have undergone surgery in the First Affiliated Hospital with Nanjing Medical University (Jiangsu Province Hospital) between January 2015 to January 2019. Surgically resected specimens were immediately flash-frozen in liquid nitrogen for further investigation. According to National Comprehensive Cancer Network Guidelines, EOC patient who do not achieve complete clinical remission (CR) after initial platinum-based chemotherapy or tumor recurred within 6 months after CR is defined as a platinum-resistant case. Patients with a cisplatin-free interval longer than 6 months are defined as a platinum-sensitive case [15]. In our study, we obtained 15 platinum-sensitive samples and 9 platinum-resistant samples. All 24 patients underwent at least 6 courses of platinum-based adjuvant chemotherapy after surgery. The descriptive information of sensitive- and resistant- patients was provided in Supplementary Table 1. Due to the strict surgical indication of recurrent EOC, the second operation of recurrent cisplatin-resistant EOC is not recommended. In the present study, platinum-resistant samples were obtained from patients who did not achieve CR or tumor recurred within 6 months after the first-line treatment. Meanwhile, different pathological types of EOC samples were also collected to investigate the ALKBH5 and HOXA10 expression (n = 57).
Cell lines and culture conditions
The cell lines HO8910, A2780, A2780-DDP, HO8910-DDP were cultured in RPMI1640 (Gibco) supplemented with 10% FBS (Gibco) and 1% penicillin/streptomycin at 37 °C supplied with 5% CO2. Among these cell lines, HO8910 and A2780 are cisplatin-sensitive EOC cell lines. A2780 and HO8910 underwent continuous stepwise exposure to increasing concentrations of cisplatin to create the cisplatin-resistant cell lines, A2780-DDP and HO8910-DDP.
RNA extraction and quantitative real-time PCR (qPCR)
According to the manufacturer’s instructions, total RNA was extracted from cultured cells and tissues with Trizol (Invitrogen). Then, cDNA was prepared by HiScript Q RT SuperMix for qPCR (Vazyme). The qPCR was performed with an SYBR Green PCR Kit (Vazyme). The sequences of gene primers used for qPCR were showed in Supplementary Table 2.
Protein extraction and Western blot assay
Total protein from cultured cells and tissues were lysed in RIPA buffer (Beyotime) with protease inhibitor (Beyotime) and then quantified by using a BCA assay kit (Beyotime). The quantified protein was treated at 100 °C for 5 min and separated by 10% SDS-PAGE buffer. Western blot assays were performed as the protocol as we previously reported [16]. The antibodies used for western blot assay were listed in Supplementary Table 3.
Lentivirus infection and siRNA transfection
Lentiviral vectors pGC-FU-3FLAG-CBh-gcGFP-IRES-puromycin respectively encoding transcript ALKBH5 (oe-ALKBH5) and HOXA10 (oe-HOXA10) transcripts were purchased from Genechem (Shanghai, China), and cells were incubated with lentivirus and 4 mg/mL polybrene for 24 h. Puromycin (0.5 μg/mL) was added to the medium for selection.
All siRNA and plasmid were transfected in cells by using Lipofectamine 3000 (Invitrogen). Cell assays and RNA extraction were performed after 24 h, and protein extractions were performed after 48 h. All siRNAs were synthesized by GemmaPharma (Shanghai, China), and the RNAi oligonucleotides sequences (5′-3′) were showed in Supplementary Table 4.
Cell proliferation assays
For Cell Counting Kit-8 (CCK8) assay, EOC cells were plated at a density of 6000 cells per well in 96-well plates. After cell adherence, cell proliferation was determined at 0, 24, 48, and 72 h; CCK-8 (Vazyme) was added, and the plate was incubated at 37 °C and 5% CO2 for 1 h. Absorbance was measured at 450 nm on a microplate reader (TECAN).
For EdU proliferation assay, EOC cells were plated at a density of 6000 cells per well in 96-well plates 1 day before treatment. Protocols were performed according to the of Cell-Light EdU Apollo567 In Vitro Kit (RiboBio).
Chemosensitivity assay
Lentivirus infected and siRNA transfected EOC cells were plated at a density of 6000–8000 cells per well in 96-well plates. A series of cisplatin (Sigma-Aldrich) concentrations (0, 5, 10, 15, and 20 μM) were added. After 48 h of treating, CCK8 was used to detect surviving cells. IC50 was graphically calculated by Graphpad 8.0.
Immunofluorescence (IF)assay
γH2AX foci presents the degree of DNA double strand breaks, which could be used to evaluate cell DNA damage [17]. EOC cells were seeded in confocal dishes and treated with cisplatin (5 μM) for 6 h. Cells were fixed in 4% paraformaldehyde and treated with 0.5% of Triton X-100 for 20 min and blocked in 1% Bovine Serum Albumin. Then cells were incubated with the first antibody in 4 °C for overnightand then incubated with the secondary antibody at room temperature for 1 h. The antibodies used for the IF assay were listed in Supplementary Table 3. Finally, cell nucleus was stained with DAPI (Merck). Images were captured by using Zeiss microscope.
Cell cycle assay and apoptosis assay
Cells were plated in 6-well plates, and respectively treated with cisplatin (5 μM) and phosphate buffer saline (PBS) for 48 h. For the cell cycle analysis, 1 × 106 cells and the cultural supernatant were collected, centrifuged, and washed. Cells were fixed with 75% cold ethanol for 24 h at − 20 °C. Next, the fixed cells were stained in 500 μl propidium oxide staining solution at room temperature for 15 min in the dark. For the apoptosis assay, 2× 104 cells and the cultural supernatant were collected. Then, 5 μl of FITC Annexin V and 5 μl of propidium iodide (BD Biopharmingen) were added to the collected cells and suspending in 300 μl binding buffer for 15 min in the dark. Flow cytometry was performed to analyze cell cycle and cell apoptosis.
Immunohistochemistry (IHC) assay
Firstly, surgical samples were pretreated in 10% formaldehyde for fixed. Staining was performed by the protocol as we previously reported [16]. The antibodies used for the IHC assay were listed in Supplementary Table 3.
RNA binding protein immunoprecipitation (RIP)-qPCR
The RIP assay was performed using a MagnaRIP RNA-Binding Protein Immunoprecipitation Kit (Millipore). Briefly, the cell lysates were incubated with beads coated with 5 μg of antibodies with rotation at 4 °C overnight. Then, the RNA-protein-magnetic beads complexes were washed and eluted with proteinase K digestion buffer. Immunoprecipitated RNA was finally extracted by phenol-chloroform RNA extraction methods. Finally, enriched RNA was determined by qPCR and normalized to the input. The antibodies used for the RIP assay were listed in Supplementary Table 3.
Chromatin immunoprecipitation (ChIP)-qPCR
The ChIP assay was performed using a Chromatin Immunoprecipitation Kit (Millipore) according to the manufacturer’s instructions. EOC cells were cross-linked with 1% formaldehyde; quenched with glycine at room temperature. Then, cells were collected, washed, and resuspended in lysis buffer. Then cross-linked DNAs were fragmented with 6% energy, 30s for 6 cycles. The sonicated chromatin solution was incubated with beads coated with 5 μg of antibodies with rotation at 4 °C for overnight. Immunoprecipitated DNA was purified and analyzed by qPCR and agarose gel electrophoresis assays. The specific primers were listed in Supplementary Table 2, and the antibodies used for ChIP assay were listed in Supplementary Table 3.
Luciferase reporter assay
The luciferase reporters respectively containing the wild-type (WT) and mutated-type (Mut) sequences of JAK2 3′UTR (Chr12:5126686–5,127,015) were synthesized by Genechem (Shanghai, China). Luciferase reporters, respectively containing the WT and Mut sequences of ALKBH5 promotor (Chr17:18181828–18,181,968) were synthesized by Tsingke (Nanjing, China). Cells were seeded in a 24-well plate, and respectively transfected with the WT/Mut reporters. Luciferase assay was performed with Luciferase Kit (Promega) under the manufacturer’s instructions. The luciferase activity was measured by BERTHOL chemiluminescence measuring instrument (Centro XS LB 960). The sequences of the plasmids in the luciferase reporter assay were shown in Supplementary Table 5.
Animal studies
The animal studies were performed in accordance with the institutional ethics guidelines for animal experiments approved by the animal management committee of Nanjing Medical University. About 5× 106 cells were injected subcutaneously into the axilla of the female athymic BALB/C nude mice (4 week-old, 18–20 g). When the average tumor size reached approximately 100mm3 (after 1 week), mice were then randomized into two groups and treated with cisplatin (5 mg/kg) or normal saline (NS) weekly. Tumor width (W) and length (L) was measured every week, and the volume (V) of the tumor was calculated as the formula V = (W2 × L)/2. Every group was treated by 6 cycles of cisplatin/NS treatment until mice were euthanized, and tumors were removed for further study.
Dot blot assay
mRNA was isolated from total RNA under the protocols of Kit (Promega). The dot blot assay was performed according to the bio-protocol database (https://​en.​bio-protocol.​org/​e2095).​ Briefly, 150/300 ng isolated mRNA was then spotted onto a Hybond-N+ membrane and cross-linked by a UV cross-linker. Methylene blue was used to interact with mRNA, and as the loading control, images were acquired. After washing, the membrane was washed and incubated first in blocking buffer and then with an anti-m6A antibody (1:250) at 4 °C fot overnight. Then, the membrane was rewashed and incubated with an anti-rabbit antibody (1:10000). Eventually, the membrane was exposed to Hyperfilm ECL (Bio-Rad), and images were acquired. The antibodies used for dot blot assay were listed in Supplementary Table 3.
Actinomycin-D (act-D) assay
Cells were plated in 6-well plates and treated with actinomycin D (5 μg/mL, Med Chem Express) respectively for 0, 2, 4, and 6 h. Total RNA was then extracted and quantified by qPCR. The gene expression at the indicated time was calculated and normalized by GAPDH. The degradation rate of mRNA was estimated by the linear regression analysis.
m6A-modified RNA immunoprecipitation sequencing (MeRIP-seq) and MeRIP-qPCR
Intact mRNA was first isolated from total RNA samples using mRNA Isolation Kit according to the manufacturer’s protocol (Promega), and the amount of purified mRNA was greater than 5 μg. The Magna MeRIP™ m6A Kit (Millipore) was then used for MeRIP according to the manufacturer’s instructions. Briefly, the isolated mRNA was chemically fragmented into 200-nucleotide-long fragments by incubation at 94 °C for 5 min, and the size of the fragmented mRNA was confirmed by Agilent 2100 Bioanalyzer (Agilent, CA, USA). Then, m6A-methylated mRNAs were immunoprecipitated with the m6A-antibody. The major procedures including immunoprecipitation, washing, and elution. Then eluted RNA and MeRIPed RNA were analyzed by deep sequencing on an Illumina Novaseq™ 6000 platform at the LC-BIO Bio-techltd (Hangzhou, China) following the vendor’s recommended protocol. The immunoprecipitated samples were also analyzed by MeRIP-qPCR. The specific primers are provided in Supplementary Table 2.
Statistical analysis
All data and error bars are presented as the mean ± SDs from at least three independent experiments. The two-tailed Student’s t-test were performed to evaluate differences between two independent groups. The Graphpad 8.0 software was used to analyze the data. The indicated p-values (*p < 0.05, ** p < 0.01, *** p < 0.001 and **** p < 0.0001) were considered statistically significant.
Results
ALKBH5 promotes cell resistance to cisplatin in vivo and in vitro
By analysing the expression of m6A-related methyltransferases and demethyltransferase, ALKBH5 expression was found up-regulated both in cisplatin-resistant EOC cells (Fig. 1A and B, Supplementary Figs. 1A). Meanwhile, ALKBH5 was also found up-regulated in platinum-resistant EOC samples (Figs. 1A-C). The descriptive analysis of ALKBH5 mRNA expression and patients’ clinical characteristics was showed in Supplementary Table 6. CCK8 and EdU assays showed that ALKBH5 overexpression significantly promoted cell proliferation (Fig. 1D-F), while the opposite effect was observed after knocking down ALKBH5 both in cisplatin-sensitive (Supplementary Fig. 1B-D) and cisplatin-resistant cells (Supplementary Fig. 1E-G). The chemosensitivity assay showed an increased IC50 in EOC cells with ALKBH5 overexpression (Fig. 1G). In contrast, ALKBH5 knockdown weakened the chemoresistance in cisplatin-resistant EOC cells (Supplementary Fig. 1H). Moreover, ALKBH5 overexpression could relieve the DNA damage induced by cisplatin, whereas ALKBH5 knockdown aggravated cisplatin-induced DNA damage (Fig. 1H and Supplementary Fig. 1I). Furthermore, cell cycle analysis showed that ALKBH5 overexpression significantly relieved the blocking effect in the G2/M phase induced by cisplatin (Fig. 1I). Apoptosis analysis also showed that ALKBH5 overexpression reduced cisplatin-induced cell apoptosis (Fig. 1J). Consistently, animal studies showed that ALKBH5 overexpression promoted EOC tumor growth and resistance to cisplatin in vivo (Fig. 1K).
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Fig. 1ALKBH5 overexpression promotes EOC cell proliferation and resistance to cisplatin in vitro and in vivo. (a) ALKBH5 mRNA expression is up-regulated in cisplatin-resistant EOC cells (upper); ALKBH5 mRNA expression is up-regulated in platinum-resistan EOC samples (down). (b) Results of the western-blot assays shows ALKBH5 was up-regulated both in cisplatin-resistant EOC cells (upper) and platinum-resistant EOC samples (down). (c) Expression of ALKBH5 protein in platinum-resistant (left) and platinum-sensitive (right) EOC tissues by IHC assay. (d) The transfection efficiency of oe-ALKBH5 lentivirus in A2780 and HO8910. (e and f) CCK8 and EdU proliferation assays confirm that ALKBH5 overexpression promotes cell proliferation in EOC cells. (g) The chemosensitivity assay shows that the IC50 of cisplatin is higher in EOC cells with ALKBH5 overexpression. (h) The IF assay shows that γH2AX expression is reduced in EOC cells with ALKBH5 overexpression after cisplatin treatment (5 μM, 6 h). (i) The cell cycle assays show that ALKBH5 overexpression can attenuate blocking in the G2/M phase induced by cisplatin (5 μM, 48 h). (j) The apoptosis assay shows that ALKBH5 overexpression can decrease the percentage of cell apoptosis induced by cisplatin (5 μM, 48 h). (k) The animal study shows that ALKBH5 overexpression promotes tumor growth and chemoresistance to cisplatin in vivo


ALKBH5-HOXA10 loop maintains ALKBH5 and HOXA10 overexpression in EOC
To explore the molecular mechanism of ALKBH5-mediated EOC resistance to cisplatin, RNA sequencing (RNA-seq) was performed. The results of functional annotations of RNA-seq via Gene Ontology (GO) analysis showed enhanced DNA repair in EOC cells with ALKBH5 upregulation (Supplementary Fig. 2, Additional file 1). Further, RNA-seq demonstrated that homeobox A10 (HOXA10) was highly upregulated in EOC cells with ALKBH5 overexpression (log2 fold change (FC)| = 2.52). Our previous studies have demonstrated that HOXA10 influences EOC cell proliferation, metastasis, invasion, and differentiation [18–20]. RIP-qPCR assay indicated that HOXA10 mRNA was significantly enriched in Flag-specific antibody in EOC cells transfected with oe-ALKBH5 using Flag-tag, suggesting that HOXA10 mRNA could bind to ALKBH5 (Fig. 2A). According to its transcript expression change and the potential regulatory mechanism, we speculated that ALKBH5 might mediate HOXA10 upregulation by maintaining the stability of HOXA10 mRNA. Results of the Act-D assay indicated that the half-life period of HOXA10 mRNA was significantly increased with ALKBH5 overexpression (Fig. 2B).
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Fig. 2ALKBH5-HOXA10 loop maintains ALKBH5 and HOXA10 overexpression in EOC. (a) The results of the RIP-qPCR assay show that HOXA10 mRNA is enriched in Flag-specific antibody in EOC cells on transfection with oe-ALKBH5 using Flag-tag. (b) The Act-D assay shows that ALKBH5 overexpression can maintain HOXA10 mRNA stability in EOC cells. (c and d) ALKBH5 regulates HOXA10 expression in EOC. (e) The ChIP-qPCR assay suggests that the ALKBH5 promoter fragment is enriched in HOXA10 (top), and the AGE assay validates the sonicated products and immunoprecipitated DNA of the ChIP assay (middle). EOC cells are transfected with HOXA10-Flag-tag (bottom). (f) Based on the TF binding motif of HOXA10 predicted by the JASPAR database (top), the luciferase reporter assay is conducted, and the results show that HOXA10 could interact with the region containing TAAA of ALKBH5 promoter (bottom). (g) The transfection efficiency of oe-HOXA10 lentivirus in A2780 and HO8910. (h) ALKBH5 is up-regulated in EOC cells with HOXA10 overexpression. (i) The transfection efficiency of specific siRNAs targeting HOXA10. (j) ALKBH5 expression is down-regulated by knocking down HOXA10 in EOC cells


Analysis of the correlation between ALKBH5 and HOXA10 in 57 EOC tissues and 426 samples of The Cancer Genome Atlas (TCGA) database showed that mRNA expression of HOXA10 was positively correlated with ALKBH5 expression (Supplementary Fig. 3A). Consistently, HOXA10 expression was found to be regulated by ALKBH5 up-regulation or down-regulation in EOC cells (Fig. 2C and D). Considering the role of HOXA10 as a transcription factor (TF), we analyzed data from the JASPAR database and unexpectedly found probable binding motifs with HOXA10 in the ALKBH5 promotor region. The sonicated chromatin solution of EOC cells was immunoprecipitated with an anti-Flag antibody and IgG control antibody. Results of the ChIP-qPCR showed that the Flag-specific antibody was significantly enriched in DNA fragments contained in the ALKBH5 promoter region (Fig. 2E). By validating the potential transcription binding motifs of HOXA10 and ALKBH5 predicted by the JASPAR database, we constructed luciferase reporting gene plasmids encoding WT and Mut specific sequences of ALKBH5 promoter regions. The luciferase reporter assay results suggested that HOXA10 could be a TF to interact with the TAAA region of the ALKBH5 promoter (Fig. 2F). Consequently, ALKBH5 expression was confirmed to be up-regulated in EOC cell with HOXA10 overexpression, while down-regulated after knocking down HOXA10 expression (Fig. 2G-J). These data suggested that HOXA10 might play as an upstream TF of ALKBH5 and contribute to the upregulation of ALKBH5 in EOC. Our findings revealed that the ALKBH5-HOXA10 regulation loop steadily maintained the overexpression of both ALKBH5 and HOXA10 in EOC.
HOXA10 overexpression promotes the proliferation and cisplatin-resistance of EOC in vivo and in vitro
Given that ALKBH5 was confirmed as a factor that promotes EOC resistance to cisplatin and forms a positive regulation loop with HOXA10, we speculated that HOXA10 might also promote cisplatin resistance in EOC. The results showed that HOXA10 expression was upregulated in A2780-DDP and HO8910-DDP cells (Fig. 3A and B). Additionally, HOXA10 was confirmed to be overexpressed in platinum-resistant EOC samples (Fig. 3A-C). The descriptive analysis of HOXA10 mRNA expression and clinical characteristics of 57 EOC patients was showed in Supplementary Table 7. The results of proliferation asasays confirmed that HOXA10 overexpression significantly promoted cell proliferation (Fig. 3D and E), while an opposite effect was exerted after knocking down HOXA10 in both cisplatin-sensitive (Supplementary Fig. 3B and 3C) and cisplatin-resistent EOC cells (Supplementary Fig. 3D-3F). Further, HOXA10 overexpression promoted cisplatin resistance and attenuated the DNA damage in cisplatin-sensitive EOC cells (Fig. 3F and G). In contrast, HOXA10 knockdown weakened cisplatin resistance and aggravated DNA damage in cisplatin-resistant EOC cells (Supplementary Fig. 3G and 3H). In cell cycle analysis, HOXA10 overexpression significantly altered the inhibition effect of cisplatin in the G2/M phase (Fig. 3H). The apoptosis analysis results showed that HOXA10 overexpression inhibited EOC cell apoptosis induced by cisplatin (Fig. 3I). The xenograft model demonstrated that HOXA10 promoted tumor growth and resistance to cisplatin (Fig. 3J).
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Fig. 3HOXA10 overexpression promotes EOC cell proliferation and cisplatin resistance in vitro and in vivo. (a) HOXA10 mRNA is upregulated in cisplatin-resistant EOC cells and platinum-resistant EOC samples. (b) Results of the western-blot assays shows HOXA10 was up-regulated both in cisplatin-resistant EOC cells (upper) and platinum-resistant EOC samples (down). (c) Expression of HOXA10 protein in platinum-resistant (left) and platinum-sensitive (right) EOC tissues by IHC assay. (d and e) CCK8 and EdU proliferation assays confirm that HOXA10 overexpression promotes cell proliferation in EOC cells. (f) The chemosensitivity assay demonstrates higher IC50 of cisplatin in EOC cells with oe-HOXA10 transfection. (g) The IF assay shows that γH2AX foci is decreased in EOC cells with HOXA10 overexpression after cisplatin treatment (5 μM, 6 h). (h) The cell cycle assays show that HOXA10 overexpression can alleviate the blocking in the G2/M phase induced by cisplatin (5 μM 48 h). (i) The apoptosis assays show that HOXA10 overexpression can lower the percentage of cell apoptosis induced by cisplatin (5 μM, 48 h). (j) The animal study shows that HOXA10 overexpression promotes cell proliferation and resistance to cisplatin in vivo


ALKBH5 erases m6A modifications of JAK2 mRNA and maintains JAK2 mRNA expression by lowering YTHDF2-mediated mRNA degradation
Given that ALKBH5 was identified as one of the m6A erasers, we performed the m6A dot blot assay and found that ALKBH5 upregulation in EOC cells decreased the m6A modification level of mRNA (Supplementary Fig. 4A). We further analyzed the targeted m6A-modified genes of ALKBH5 in EOC using RNA-Seq and MeRIP-Seq analysis. The MeRIP-Seq results validated the differentially explored m6A modification motif in the m6A-immunopurified RNA in A2780 with ALKBH5 overexpression and the negative control (Fig. 4A). Further, 51.88% of the m6A abundance was differentially enriched in three prime untranslated regions (3’UTRs) of transcripts (Fig. 4B). MeRIP-seq revealed that ALKBH5 upregulation resulted in increased abundance of m6A peaks in 586 transcripts and decreased abundance in 792 transcripts (|log2 FC| ≥ 1, p < 0.05) (Fig. 4C and Additional file 2). RNA-seq also revealed that there were 2005 upregulated and 676 downregulated genes in A2780 with ALKBH5 upregulation (|log2 (FC)| ≥ 1, p < 0.05) (Fig. 4C and Additional file 3). The quadrantal diagram graph displayed transcripts with a different abundance of m6A peaks and regulated gene expression (Fig. 4D). ALKBH5 mediated m6A demethylation of mRNA, which could influence mRNA metabolism processes such as stabilization and degradation. Thus, we focused on genes with both changes in m6A modification and mRNA expression. There were 19 genes in cells with ALKBH5 upregulation that exhibited not only decreased abundance of m6A peaks (log2 FC ≤ − 2, p < 0.05) but also significantly discrepant expression regulation (log2 FC ≥ 2, p < 0.05) (Fig. 4E and Table 1). This suggested that these 19 genes might be contained in the target m6-modified genes regulated by ALKBH5. Among them, m6A abundance in the 3’UTR region of JAK2 mRNA (Chr12: 5126686–5,127,015) was notably significantly decreased after ALKBH5 upregulation in A2780 (log2 FC = − 2, p = 0.03) (Fig. 4F). The JAK2/STAT3 signaling pathway has been widely demonstrated to be involved in tumor growth and chemoresistance in various malignancies [21]. Thus, we speculated that ALKBH5 overexpression might promote EOC cell proliferation and resistance to cisplatin by targeting JAK2 and activating the JAK2/STAT3 signaling pathway in the m6A-dependent manner. The results of MeRIP-qPCR also confirmed that ALKBH5 overexpression decreased the m6A modification abundance of the 3’UTR region of JAK2 mRNA in A2780 (Fig. 4G). The results of RIP-qPCR assay showed that JAK2 mRNA expression was higher in the Flag-specific antibody than in the IgG antibody (Fig. 4H). We then performed the Act-D assay to investigate whether ALKBH5 expression affected the stability of JAK2 mRNA. As shown in Fig. 4I, JAK2 mRNA expression was highly stable in EOC cells with ALKBH5 overexpression. The distribution of m6A is usually embedded within the consensus sequence 5′-DRACH′ (D = G/A/U, R = A/G, H = not G). Based on the results of MeRIP-seq, we mutated three “DRACH” motifs of JAK2 3’UTR (Chr12: 5126686–5,127,015) to construct the WT/Mut luciferase reporters. Moreover, results of the luciferase reporter assay showed that ALKBH5 recognized and was bound to the m6A-motif in the 3’UTR region of JAK2 mRNA and promoted JAK2 expression (Fig. 4J). Consistent with the above findings, JAK2 mRNA expression was up-regulated in cell with ALKBH5 overexpression, while down-regulated by knocking down ALKBH5 in EOC cells (Fig. 4K). Previous studies have identified YTHDFs, including YTHDF1/2/3, as a family of m6A readers that target thousands of mRNA transcripts by distinctly recognizing the m6A motif. In the cytosol, YTHDF1 enhances the translation of its targets by interacting with initiation factors and facilitating ribosome loading. YTHDF3 affects the translation of its target mRNAs along with YTHDF1. Meanwhile, YTHDF2 helps promote mRNA degradation of m6A-modified mRNA [22]. In the present study, we found a lower m6A abundance of JAK2 mRNA in EOC cell with ALKBH5 overexpression, whereas JAK2 mRNA expression was upregulated. Considering the above results, we speculated that YTHDF2 might mediate m6A-JAK2 degradation. We then used specific siRNAs to knock down YTHDF2 expression in EOC cells. The results showed that knocking down YTHDF2 up-regulated JAK2 expression compared to the negative control. Meanwhile, knocking down YTHDF2 expression could partly reduce JAK2 upregulation induced by overexpression of ALKBH5 (Fig. 4L and M). The RIP-qPCR assay showed that the YTHDF2-specific antibody caused a significantly higher increase in JAK2 mRNA enrichment compared to IgG (Fig. 4N). The Act-D assay confirmed that the level of JAK2 mRNA was more stable after YTHDF2 knockdown (Fig. 4O). Collectively, these findings indicated that ALKBH5-mediated JAK2 mRNA m6A demethylation inhibited YTHDF2-mediated mRNA degradation and maintained JAK2 mRNA expression.
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Fig. 4ALKBH5 erases m6A modifications of JAK2 mRNA and maintains JAK2 mRNA expression by lowering YTHDF2-mediated mRNA degradation. (a) The two differentially enriched m6A-modification motif in the immunopurified RNA in A2780. (b) Distribution of regulated m6A peaks in mRNA is detected by MeRIP-seq after ALKBH5 overexpression. (c) Schematic of downstream analysis for MeRIP-Seq and RNA-seq. (d) The quadrantal diagram graph displays the transcripts with different m6A peaks and regulated gene expression based on MeRIP-seq and RNA-seq. (e) The Venn diagram shows the genes detected by MeRIP-seq and RNA-seq; the 19 candidate target genes of ALKBH5 are shown on the right. (f) m6A abundances in JAK2 mRNA transcripts in cells with ALKBH5 overexpression (MeRIP and input) and in negative control (MeRIP and input). m6A regulation is calculated as the ratio of m6A abundances of MeRIP to input (log2FC = − 2, p = 0.03). (g) MeRIP-qPCR confirms that ALKBH5 down-regulates the m6A peak in 3’UTR of JAK2 mRNA. (h) RIP-qPCR confirmed JAK2 mRNA binding to ALKBH5. (i) The Act-D assay shows an increased lifespan of JAK2 mRNA after ALKBH5 overexpression. (j) Relative luciferase activity of the wild-type or mutant JAK2 3′UTR luciferase reporter in EOC cells with ALKBH5 overexpression and the negative control. (k) ALKBH5 positively regulates JAK2 mRNA expression in EOC cells. (l and m) YTHDF2 remarkably regulates JAK2 expression in A2780 and HO8910. (n) RIP-qPCR confirms YTHDF2 binding to JAK2 mRNA. (o) Increased lifespan of JAK2 mRNA after YTHDF2 silencing

Table 1List of 19 genes selected by MeRIP-seq and RNA-seq


	Gene name
	RNA-seq
	MeRIP-seq

	diff. p
	diff. log2fc
	diff. p
	diff. log2fc

	NHLRC2
	0.002
	−2.83
	0.001
	2.49

	SLC2A13
	0.006
	−2.16
	0.001
	2.50

	TFPI
	0.009
	−2.09
	0.000
	2.72

	SETDB2
	0.009
	−2.54
	0.000
	2.95

	VCAN
	0.012
	−2.23
	0.000
	3.50

	CPLANE1
	0.018
	−2.18
	0.000
	4.00

	CP
	0.019
	−2.86
	0.000
	3.88

	KIF27
	0.019
	−2.95
	0.000
	3.37

	CEP290
	0.024
	−2.15
	0.000
	4.42

	GAB2
	0.025
	−3.17
	0.002
	2.40

	DST
	0.025
	−2.93
	0.000
	4.01

	HLA-L
	0.027
	−2.92
	0.005
	2.23

	PHIP
	0.028
	−2.20
	0.000
	4.38

	SP100
	0.030
	−2.03
	0.002
	2.34

	JAK2
	0.035
	−2
	0.000
	3.35

	DOP1A
	0.036
	−2.12
	0.000
	2.74

	ATAD2B
	0.037
	−2.76
	0.008
	2.04

	HLA-L
	0.045
	−2.63
	0.005
	2.23

	VCAN
	0.047
	−2.65
	0.000
	3.50

	LRRC37A3
	0.047
	−2.87
	0.007
	2.17

	RSF1
	0.048
	−2.14
	0.000
	3.43


In total 19 genes were found exhibited obvious decreased abundance of m6A peaks (log2 (FC) ≤ − 2, p < 0.05), and displayed significantly discrepant expression regulation (log2 (FC) ≥ 2, p<0.05)



ALKBH5-HOXA10 loop promotes resistance to cisplatin by activating the JAK2/STAT3 signaling pathway in EOC
We then investigated whether HOXA10 or ALKBH5 knockdown could rescue cisplatin resistance in EOC cell with ALKBH5 and HOXA10 overexpression. The results showed that knocking down HOXA10 in cells with ALKBH5 overexpression could partly inhibit cell proliferation, chemoresistance, and DNA damage response (DDR) (Fig. 5A-D). Similarly, ALKBH5 knockdown in cells with HOXA10 overexpression also partly relieved EOC cell proliferation, chemoresistance, and DDR (Fig. 5A-D). The results of correlation analyses in 57 EOC samples and TCGA database also showed that JAK2 mRNA expression was positively correlated with ALKBH5 or HOXA10 expression (Supplementary Fig. 4B and C). However, the correlation analysis results of HOXA10 and JAK2 expression based on the TCGA database showed no statistical significance. Further investigation confirmed that upregulation of the ALKBH5-HOXA10 loop could promote JAK2 expression and the phosphorylation level of STAT3, which represents activation of the JAK2/STAT3 signaling pathway (Fig. 6A). In contrast, knocking down ALKBH5 or HOXA10 decreased JAK2 expression and the phosphorylation level of STAT3, which indicates inhibition of the JAK2/STAT3 signaling pathway (Fig. 6B). Moreover, the activated JAK2/STAT3 pathway could be rescued by siHOXA10 and siALKBH5 in EOC cells with HOXA10 and ALKBH5 overexpression, respectively (Fig. 6C). Immunohistochemistry (IHC) assay of the xenograft tissues showed the same results (Fig. 6D and E). Collectively, these results support that JAK2/STAT3 signaling pathway might be involved in the regulation mechanism of the ALKBH5-HOXA10 loop in EOC. Then, we used two specific siRNAs to knock down JAK2 expression and found that JAK2 knockdown significantly rescued cell proliferation, cisplatin resistance, and DDR in cells with ALKBH5 or HOXA10 expression (Supplementary Fig. 5 and Supplementary Fig. 6). Furthermore, inhibition of JAK2/STAT3 signaling pathway using WP1066 effectively suppressed cancer cell proliferation, resistance to cisplatin, and DDR (Supplementary Fig. 7). Overall, these findings indicate that consistent overexpression of the ALKBH5-HOXA10 loop in EOC could promote tumor growth and chemoresistance by mediating the JAK2/STAT3 signaling pathway.
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Fig. 5ALKBH5-HOXA10 loop steadily promotes cell proliferation and resistance to cisplatin. (a and b) CCK8 and EdU proliferation assays show that using specific siRNAs to respectively knock down HOXA10 or ALKBH5 expression in EOC cells with ALKBH5 or HOXA10 expression could significantly suppress cancer cell proliferation. (c and d) HOXA10 or ALKBH5 knockdown rescues resistance to cisplatin and DDR in EOC cells with ALKBH5- HOXA10 loop overexpression

[image: ../images/13046_2021_2088_Fig6_HTML.png]
Fig. 6ALKBH5-HOXA10 loop overexpression activates the JAK2/STAT3 signaling pathway. (a) Upregulation of the ALKBH5-HOXA10 loop promotes JAK2 expression and the phosphorylation level of STAT3. (b) Downregulation of the ALKBH5-HOXA10 loop inhibits JAK2 expression and the phosphorylation level of STAT3. (c) Activation of the JAK2/STAT3 pathway can be rescued by knocking down ALKBH5 or HOXA10 respectively in cells with HOXA10 and ALKBH5 overexpression. (d and e) The IHC assays show ALKBH/HOXA10/JAK2 regulation in the xenograft model


Discussion
The role of m6A modification in cancer treatment resistance, particularly cisplatin chemotherapy in EOC, remains unclear. The present study found that ALKBH5 is upregulated in cisplatin-resistant EOC, promoting cell proliferation and chemoresistance in vivo and in vitro. Based on the results of RNA-seq, we identified the ALKBH5-HOXA10 positive regulation loop and then confirmed that HOXA10 could also promote cell proliferation and chemoresistance in vivo and in vitro. The MeRIP-seq results support that ALKBH5 reduces m6A modification in JAK2 mRNA and maintains JAK2 mRNA expression by reducing YTHDF2-mediated mRNA degradation. Furthermore, our findings revealed that ALKBH5-HOXA10 loop overexpression activates the JAK2/STAT3 signaling pathway, which, in turn, promotes cisplatin resistance in EOC (Fig. 7).
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Fig. 7Graphic abstract. Overview of the present study


As one of the early adaptive mechanisms by which cells respond to environmental stress, m6A modification appears to be a promising target for cancer treatment. Previous studies have demonstrated the important roles of m6A-modulators in EOC, including MATTL3, ALKBH5, FTO, YTHDF1, and IGF2BP1 [13, 23–26]. These studies suggest that m6A modification significantly contributes to EOC initiation and progression. However, research on the role of m6A modification in EOC chemoresistance is lacking.
In recent years, ALKBH5 has been increasingly studied in various malignancies and has been found to play dual roles. Previous studies demonstrated that ALKBH5 acted as an oncogene in colon cancer, endometrial cancer, and renal cell carcinoma [27–29]. Further, ALKBH5 was found to suppress progression in pancreatic cancer and hepatocellular carcinoma [30, 31]. Moreover, ALKBH5 was also suggested to increase glioma stem cell radioresistance by regulating homologous recombination [32]. Meanwhile, Li et al. identified ALKBH5 to enhance treatment response to anti-PD-1 therapy in melanoma, colorectal, and potentially other cancers [33]. These studies indicated that ALKBH5 might be a potential target to overcome treatment resistance in cancer. The previous study confirmed that ALKBH5 was an oncogene in EOC [13]. Similar to our previous study, we have demonstrated that ALKBH5 promotes cell proliferation in both cisplatin-sensitive and cisplatin-resistant EOC cells. Importantly, we revealed that ALKBH5 was upregulated in cisplatin-resistant EOC cells and promoted cell resistance to cisplatin. Functional annotations based on the RNA-seq results suggested that ALKBH5 upregulation was associated with DNA repair processes in cancer cells. Subsequently, we found that γH2AX expression was significantly decreased in EOC cells with ALKBH5 overexpression. This suggested that ALKBH5 could enhance DNA repairs of DNA double-strand break induced by cisplatin. To our best knowledge, this study is the first to report ALKBH5 upregulation in cisplatin-resistant EOC and the consequent promotion of cell resistance from such upregulation.
HOXA10 is a member of the homeobox gene family that acts as a TF in embryonic development. Aberrant regulation of the homeobox family has been identified in various cancers [34–36]. Our previous studies have determined the critical role of HOXA10 in ovarian cancer [18, 37, 38], and we have been exploring the role of HOXA10 in female malignancies for a long time. However, studies on the role of HOXA10 in cisplatin-resistant EOC are lacking. The results of RNA-seq highlighted the importance of HOXA10, and further analysis revealed its crucial role in facilitating chemoresistance in EOC. Moreover, we identified ALKBH5-HOXA10 as a positive feedback loop that could steadily maintain each other’s upregulation. HOXA10 binding on the “TAAA” region of ALKBH5 promotor enhanced ALKBH5 transcription. Meanwhile, ALKBH5 could interact with HOXA10 mRNA and maintain its stabilization.
JAK2 functions as a prototypical kinase that phosphorylates STAT3, which activates the JAK2/STAT3 signaling pathway and promotes tumorigenesis and progression in several cancer types [39]. Activation of the JAK2/STAT3 signaling pathway was also proven to contribute to chemotherapy resistance in several malignancies, including EOC [40–42]. The m6A-dependent regulation of SOCS3 and JAK2 mediated by YTHDF1/YTHDF2 has been demonstrated in pluripotent stem cells [43]. However, to our best knowledge, no study has reported ALKBH5-mediated m6A demethylation of JAK2 to date. Based on the MeRIP-seq results, we found that ALKBH5 erased the m6A-modification of JAK2 mRNA 3’UTR. Thus, we further investigated the probable reader that mediated m6A-JAK2 mRNA metabolism and found that YTHDF2 could directly bind to JAK2 mRNA and interact with its m6A motif, which prevents the degradation of demethylated JAK2 mRNA. YTHDF2 is a well-established m6A reader that can weaken mRNA stability by interacting with m6A-containing mRNAs [44]. These findings suggested that ALKBH5 mediates JAK2 m6A demethylation in EOC cells, which maintains JAK2 mRNA expression by lowering YTHDF2-mediated mRNA degradation. These findings revealed the underlying mechanism of ALKBH5-mediated JAK2 regulation EOC. By further performing rescue assays, we subsequently confirmed the gene interaction of the ALKBH5-HOXA10 loop in cell proliferation and cisplatin resistance. Additionally, the critical role of ALKBH5-HOXA10 loop in mediating JAK2 upregulation was further demonstrated in cell proliferation and cisplatin resistance by down-regulating JAK2 expression or inhibiting JAK2/STAT3 signaling pathway.
This study has some limitations. As a well-known m6A demethyltransferase, ALKBH5 usually regulates the target gene expression in the m6A-dependent manner. Our study demonstrated that ALKBH5 could bind to HOXA10 and maintain mRNA expression. However, the MeRIP-seq results showed no differentially enriched m6A “peak” in HOXA10 mRNA after ALKBH5 overexpression. These findings suggest that ALKBH5 does not influence HOXA10 in a direct m6A-dependent manner. Thus, the exact molecular mechanism needs further investigations.
In summary, our findings revealed that m6A modification represents a novel mechanism of cisplatin resistance in EOC. ALKBH5 was upregulated in cisplatin-resistant EOC, and ALKBH5 overexpression promoted EOC cell proliferation and resistance to cisplatin in vivo and in vitro. HOXA10 was identified as a TF enhancing ALKBH5 transcription, and it could also be regulated by ALKBH5. Further, HOXA10 was found to play a role in EOC resistance to cisplatin. Further analysis of the m6A modification mechanism regulated by ALKBH5 showed that JAK2 is the m6-modified gene targeted by ALKBH5. ALKBH5 overexpression maintained JAK2 mRNA stability in a YTHDF2-mediated manner. Consistent upregulation of the ALKBH5-HOXA10 loop promoted EOC tumor growth and resistance to cisplatin by activating the JAK2/STAT3 signaling pathway in the m6A-dependent manner. Collectively, our results suggest that inhibition of the expression of the ALKBH5-HOXA10 loop represents a potential strategy to overcome cisplatin resistance in EOC.
Acknowledgements
We thank all members of the Cheng’s laboratory for their advice and technical assistance.

Authors’ contributions
Conceptualization, Wenjun Cheng, Sipei Nie and Lin Zhang; Methodology, Sipei Nie, Lin Zhang and Yicong Wan; Bioinformatics Analysis, Jinhui Liu; Writing -Original Draft, Sipei Nie, Jing Yang and Rui sun; Writing -Review & Editing, Lin Zhang, Wenjun Cheng; Funding Acquisition, Wenjun Cheng and Yijiang; Supervision, Guodong Sun, Xiaolin Ma and Hui Wang. All authors read and approved the final manuscript.
Authors’ information
Correspondence:Wenjun Cheng, Department of Gynecology, The First Affiliated Hospital of Nanjing Medical University, Nanjing 210,029, Jiangsu, China.
Email: wenjunchengdoc@163.​com
Sipei Nie, Lin Zhang, Jinhui Liu and Yicong Wan contributed equally to this study.


Funding
National Natural Science Foundation (81872119, 81702566) supported our study.

Availability of data and materials
The datasets used and analyzed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
All patients signed informed consent before using clinical specimens. The use of specimens for this study has been proved by the ethics committee of the First Affiliated Hospital with Nanjing Medical University. The animal studies were performed in accordance with the institutional ethics guidelines for animal experiments approved by the animal management committee of Nanjing Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. 2020;70(1):7–30. https://​doi.​org/​10.​3322/​caac.​21590.Crossref

	2.
Stewart C, Ralyea C, Lockwood S. Ovarian Cancer: An integrated review. Semin Oncol Nurs. 2019;35(2):151–6. https://​doi.​org/​10.​1016/​j.​soncn.​2019.​02.​001.CrossrefPubMed

	3.
Shen H, Wang GC, Li X, Ge X, Wang M, Shi ZM, et al. S6K1 blockade overcomes acquired resistance to EGFR-TKIs in non-small cell lung cancer. Oncogene. 2020;39(49):7181–95. https://​doi.​org/​10.​1038/​s41388-020-01497-4.CrossrefPubMedPubMedCentral

	4.
Thompson PA, Eam B, Young NP, Fish S, Chen J, Barrera M, et al. Targeting oncogene mRNA translation in B cell malignancies with eFT226, a potent and selective inhibitor of eIF4A1. Mol Cancer Ther. 2020.

	5.
Galluzzi L, Senovilla L, Vitale I, Michels J, Martins I, Kepp O, et al. Molecular mechanisms of cisplatin resistance. Oncogene. 2012;31(15):1869–83. https://​doi.​org/​10.​1038/​onc.​2011.​384.Crossref

	6.
Liang Z, Kidwell RL, Deng H, Xie Q. Epigenetic N6-methyladenosine modification of RNA and DNA regulates cancer. Cancer Biol Med. 2020;17(1):9–19. https://​doi.​org/​10.​20892/​j.​issn.​2095-3941.​2019.​0347.CrossrefPubMedPubMedCentral

	7.
Wang X, Huang J, Zou T, Yin P. Human m(6) a writers: two subunits, 2 roles. RNA Biol. 2017;14(3):300–4. https://​doi.​org/​10.​1080/​15476286.​2017.​1282025.CrossrefPubMedPubMedCentral

	8.
Shi H, Wei J, He C. Where, when, and how: context-dependent functions of RNA methylation writers, readers, and erasers. Mol Cell. 2019;74(4):640–50. https://​doi.​org/​10.​1016/​j.​molcel.​2019.​04.​025.CrossrefPubMedPubMedCentral

	9.
Xu J, Wan Z, Tang M, Lin Z, Jiang S, Ji L, et al. N(6)-methyladenosine-modified CircRNA-SORE sustains sorafenib resistance in hepatocellular carcinoma by regulating beta-catenin signaling. Mol Cancer. 2020;19(1):163. https://​doi.​org/​10.​1186/​s12943-020-01281-8.CrossrefPubMedPubMedCentral

	10.
Liu X, Gonzalez G, Dai X, Miao W, Yuan J, Huang M, et al. Adenylate kinase 4 modulates the resistance of breast Cancer cells to tamoxifen through an m(6)A-based Epitranscriptomic mechanism. Mol Ther. 2020;28(12):2593–604. https://​doi.​org/​10.​1016/​j.​ymthe.​2020.​09.​007.CrossrefPubMed

	11.
Jin D, Guo J, Wu Y, Du J, Yang L, Wang X, et al. m(6) a mRNA methylation initiated by METTL3 directly promotes YAP translation and increases YAP activity by regulating the MALAT1-miR-1914-3p-YAP axis to induce NSCLC drug resistance and metastasis. J Hematol Oncol. 2019;12(1):135. https://​doi.​org/​10.​1186/​s13045-019-0830-6.CrossrefPubMedPubMedCentral

	12.
Yu H, Yang X, Tang J, Si S, Zhou Z, Lu J, et al. ALKBH5 inhibited cell proliferation and sensitized bladder Cancer cells to cisplatin by m6A-CK2alpha-mediated glycolysis. Mol Ther Nucleic Acids. 2021;23:27–41. https://​doi.​org/​10.​1016/​j.​omtn.​2020.​10.​031.CrossrefPubMed

	13.
Zhu H, Gan X, Jiang X, Diao S, Wu H, Hu J. ALKBH5 inhibited autophagy of epithelial ovarian cancer through miR-7 and BCL-2. J Exp Clin Cancer Res. 2019;38(1):163. https://​doi.​org/​10.​1186/​s13046-019-1159-2.CrossrefPubMedPubMedCentral

	14.
Fukumoto T, Zhu H, Nacarelli T, Karakashev S, Fatkhutdinov N, Wu S, et al. N(6)-methylation of adenosine of FZD10 mRNA contributes to PARP inhibitor resistance. Cancer Res. 2019;79(11):2812–20. https://​doi.​org/​10.​1158/​0008-5472.​CAN-18-3592.CrossrefPubMedPubMedCentral

	15.
Armstrong DK, Alvarez RD, Bakkum-Gamez JN, Barroilhet L, Behbakht K, Berchuck A, et al. NCCN guidelines insights: ovarian Cancer, version 1.2019. J Natl Compr Cancer Netw. 2019;17(8):896–909. https://​doi.​org/​10.​6004/​jnccn.​2019.​0039.Crossref

	16.
Gong M, Luo C, Meng H, Li S, Nie S, Jiang Y, et al. Upregulated LINC00565 accelerates ovarian Cancer progression by targeting GAS6. Onco Targets Ther. 2019;12:10011–22. https://​doi.​org/​10.​2147/​OTT.​S227758.CrossrefPubMedPubMedCentral

	17.
Turinetto V, Giachino C. Multiple facets of histone variant H2AX: a DNA double-strand-break marker with several biological functions. Nucleic Acids Res. 2015;43(5):2489–98. https://​doi.​org/​10.​1093/​nar/​gkv061.CrossrefPubMedPubMedCentral

	18.
Cheng W, Liu J, Yoshida H, Rosen D, Naora H. Lineage infidelity of epithelial ovarian cancers is controlled by HOX genes that specify regional identity in the reproductive tract. Nat Med. 2005;11(5):531–7. https://​doi.​org/​10.​1038/​nm1230.CrossrefPubMed

	19.
Tang W, Jiang Y, Mu X, Xu L, Cheng W, Wang X. MiR-135a functions as a tumor suppressor in epithelial ovarian cancer and regulates HOXA10 expression. Cell Signal. 2014;26(7):1420–6. https://​doi.​org/​10.​1016/​j.​cellsig.​2014.​03.​002.CrossrefPubMed

	20.
Liu J, Jiang Y, Wan Y, Zhou S, Thapa S, Cheng W. MicroRNA665 suppresses the growth and migration of ovarian cancer cells by targeting HOXA10. Mol Med Rep. 2018;18(3):2661–8. https://​doi.​org/​10.​3892/​mmr.​2018.​9252.CrossrefPubMedPubMedCentral

	21.
Buchert M, Burns CJ, Ernst M. Targeting JAK kinase in solid tumors: emerging opportunities and challenges. Oncogene. 2016;35(8):939–51. https://​doi.​org/​10.​1038/​onc.​2015.​150.CrossrefPubMed

	22.
Liu J, Harada BT, He C. Regulation of gene expression by N(6)-methyladenosine in Cancer. Trends Cell Biol. 2019;29(6):487–99. https://​doi.​org/​10.​1016/​j.​tcb.​2019.​02.​008.CrossrefPubMedPubMedCentral

	23.
Hua W, Zhao Y, Jin X, Yu D, He J, Xie D, et al. METTL3 promotes ovarian carcinoma growth and invasion through the regulation of AXL translation and epithelial to mesenchymal transition. Gynecol Oncol. 2018;151(2):356–65. https://​doi.​org/​10.​1016/​j.​ygyno.​2018.​09.​015.CrossrefPubMed

	24.
Huang H, Wang Y, Kandpal M, Zhao G, Cardenas H, Ji Y, et al. FTO-dependent N (6)-Methyladenosine modifications inhibit ovarian Cancer stem cell self-renewal by blocking cAMP signaling. Cancer Res. 2020;80(16):3200–14. https://​doi.​org/​10.​1158/​0008-5472.​CAN-19-4044.CrossrefPubMedPubMedCentral

	25.
Liu T, Wei Q, Jin J, Luo Q, Liu Y, Yang Y, et al. The m6A reader YTHDF1 promotes ovarian cancer progression via augmenting EIF3C translation. Nucleic Acids Res. 2020;48(7):3816–31. https://​doi.​org/​10.​1093/​nar/​gkaa048.CrossrefPubMedPubMedCentral

	26.
Muller S, Glass M, Singh AK, Haase J, Bley N, Fuchs T, et al. IGF2BP1 promotes SRF-dependent transcription in cancer in a m6A- and miRNA-dependent manner. Nucleic Acids Res. 2019;47(1):375–90. https://​doi.​org/​10.​1093/​nar/​gky1012.CrossrefPubMed

	27.
Guo T, Liu DF, Peng SH, Xu AM. ALKBH5 promotes colon cancer progression by decreasing methylation of the lncRNA NEAT1. Am J Transl Res. 2020;12(8):4542–9.PubMedPubMedCentral

	28.
Pu X, Gu Z, Gu Z. ALKBH5 regulates IGF1R expression to promote the proliferation and Tumorigenicity of endometrial Cancer. J Cancer. 2020;11(19):5612–22. https://​doi.​org/​10.​7150/​jca.​46097.CrossrefPubMedPubMedCentral

	29.
Zhang X, Wang F, Wang Z, Yang X, Yu H, Si S, et al. ALKBH5 promotes the proliferation of renal cell carcinoma by regulating AURKB expression in an m(6)A-dependent manner. Ann Transl Med. 2020;8(10):646. https://​doi.​org/​10.​21037/​atm-20-3079.CrossrefPubMedPubMedCentral

	30.
Guo X, Li K, Jiang W, Hu Y, Xiao W, Huang Y, et al. RNA demethylase ALKBH5 prevents pancreatic cancer progression by posttranscriptional activation of PER1 in an m6A-YTHDF2-dependent manner. Mol Cancer. 2020;19(1):91. https://​doi.​org/​10.​1186/​s12943-020-01158-w.CrossrefPubMedPubMedCentral

	31.
Chen Y, Zhao Y, Chen J, Peng C, Zhang Y, Tong R, et al. ALKBH5 suppresses malignancy of hepatocellular carcinoma via m(6)A-guided epigenetic inhibition of LYPD1. Mol Cancer. 2020;19(1):123. https://​doi.​org/​10.​1186/​s12943-020-01239-w.CrossrefPubMedPubMedCentral

	32.
Kowalski-Chauvel A, Lacore MG, Arnauduc F, Delmas C, Toulas C, Cohen-Jonathan-Moyal E, et al. The m6A RNA demethylase ALKBH5 promotes Radioresistance and invasion capability of glioma stem cells. Cancers (Basel). 2020;13(1). https://​doi.​org/​10.​3390/​cancers13010040.

	33.
Li N, Kang Y, Wang L, Huff S, Tang R, Hui H, et al. ALKBH5 regulates anti-PD-1 therapy response by modulating lactate and suppressive immune cell accumulation in tumor microenvironment. Proc Natl Acad Sci U S A. 2020;117(33):20159–70. https://​doi.​org/​10.​1073/​pnas.​1918986117.CrossrefPubMedPubMedCentral

	34.
Daftary GS, Taylor HS. Endocrine regulation of HOX genes. Endocr Rev. 2006;27(4):331–55. https://​doi.​org/​10.​1210/​er.​2005-0018.CrossrefPubMed

	35.
Richie JP. Re: loss of nuclear functions of HOXA10 is associated with testicular Cancer proliferation. J Urol. 2019;202(2):213. https://​doi.​org/​10.​1097/​JU.​0000000000000301​.CrossrefPubMed

	36.
Trissal MC, Wong TN, Yao JC, Ramaswamy R, Kuo I, Baty J, et al. MIR142 loss-of-function mutations Derepress ASH1L to increase HOXA gene expression and promote Leukemogenesis. Cancer Res. 2018;78(13):3510–21. https://​doi.​org/​10.​1158/​0008-5472.​CAN-17-3592.CrossrefPubMedPubMedCentral

	37.
Yoshida H, Broaddus R, Cheng W, Xie S, Naora H. Deregulation of the HOXA10 homeobox gene in endometrial carcinoma: role in epithelial-mesenchymal transition. Cancer Res. 2006;66(2):889–97. https://​doi.​org/​10.​1158/​0008-5472.​CAN-05-2828.CrossrefPubMed

	38.
Liu J, Li C, Jiang Y, Wan Y, Zhou S, Cheng W. Tumor-suppressor role of miR-139-5p in endometrial cancer. Cancer Cell Int. 2018;18(1):51. https://​doi.​org/​10.​1186/​s12935-018-0545-8.CrossrefPubMedPubMedCentral

	39.
Yu H, Pardoll D, Jove R. STATs in cancer inflammation and immunity: a leading role for STAT3. Nat Rev Cancer. 2009;9(11):798–809. https://​doi.​org/​10.​1038/​nrc2734.CrossrefPubMedPubMedCentral

	40.
Yogev O, Almeida GS, Barker KT, George SL, Kwok C, Campbell J, et al. In vivo modeling of Chemoresistant neuroblastoma provides new insights into Chemorefractory disease and metastasis. Cancer Res. 2019;79(20):5382–93. https://​doi.​org/​10.​1158/​0008-5472.​CAN-18-2759.CrossrefPubMed

	41.
Raghavan S, Mehta P, Ward MR, Bregenzer ME, Fleck E, Tan L, et al. Personalized medicine-based approach to model patterns of Chemoresistance and tumor recurrence using ovarian Cancer stem cell spheroids. Clin Cancer Res. 2017;23(22):6934–45. https://​doi.​org/​10.​1158/​1078-0432.​CCR-17-0133.CrossrefPubMedPubMedCentral

	42.
Zhang Z, Wang F, Du C, Guo H, Ma L, Liu X, et al. BRM/SMARCA2 promotes the proliferation and chemoresistance of pancreatic cancer cells by targeting JAK2/STAT3 signaling. Cancer Lett. 2017;402:213–24. https://​doi.​org/​10.​1016/​j.​canlet.​2017.​05.​006.CrossrefPubMed

	43.
Wu R, Liu Y, Zhao Y, Bi Z, Yao Y, Liu Q, et al. m(6) a methylation controls pluripotency of porcine induced pluripotent stem cells by targeting SOCS3/JAK2/STAT3 pathway in a YTHDF1/YTHDF2-orchestrated manner. Cell Death Dis. 2019;10(3):171. https://​doi.​org/​10.​1038/​s41419-019-1417-4.CrossrefPubMedPubMedCentral

	44.
Wang X, Lu Z, Gomez A, Hon GC, Yue Y, Han D, et al. N6-methyladenosine-dependent regulation of messenger RNA stability. Nature. 2014;505(7481):117–20. https://​doi.​org/​10.​1038/​nature12730.CrossrefPubMed



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		ALKBH5-HOXA10 loop-mediated JAK2 m6A demethylation and cisplatin resistance in epithelial ovarian cancer


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13046_2021_2088_Fig3_HTML.png
Sensitive#1

£

42KD|

»

37KD|

»

R1_S1_R2 S2

42KD| @8 == === £ |HOXA10

HOXA10 mRNA expression (fold)
°

£
2 0.15 R3 S3 R4 S4
5 0.10 H :
< 2 \ ¢
g °% RS S5 R6 S6 . -
£ Resistant#3 Sensitive#3
3 {: & 33 ¢ 3
< N
T Sensitive  Resistant
i 8 1
~
“ %
oA
d A2780 ° f A2780
5| oS 3 T e e s
8§, | =oeHOxa10 g S a0 = g |—oed =22.63
s X & 24
£ S 530 ®
=05 S = H
] Zz g0 a
© 04 o &,
o 48 72 A2780 [ 5 10 15 20
e () Cisplatin (uM)
HO8910 HO8910
°
= 06-NC IC50=3.53HM
28 + oe-NC )4 — 0e-HOXA10 _ 150y =oe
5 50] = oe-HOXA10 3 2 507 —oeNC g = 06-HOXA10 IC50=7.41uM
£ £ fal 5 0
315 3 o I
310 s Em ,—;
3 - g 20. S 50 = - povy
505 3 £ g
© o0 Z G @
"o 2 L] 72 e o ol o .
Time (h) HO8910 o b4 o

. Cisplatin (uM)

YH2AX Merge

oe-NC/Cisplatin

oe-NC/PBS oe-NC/Cisplatin oe-HOXA10/Cisplatin
i |

— oe-HOXA10
— oe-NC

0LVXOH-20
3

o

Pl
100 10 102 103 104

A2780

109 10" 102 10% 10¢
AV

ON-20
> o

Q
?

-HOXA10/Cisplatin

Cell apoptosis (%)

o

A2780
oe-NC/PBS oe-NC/Cisplatin

Pl
109 10" 102 103 104

=3
3
2
o
I

o 100 10" 102 10% 10*
2 A
3 . oe-NCiCisplatin
] e
. 3 w— 0e-HOXA10
3 S0P z% 0.
HO8910 ° gs
_ =—o0e-HOXA10 A2780 — 0e-NC/PBS o ; 2
£ g0, —o0oNG — oo-N — oe- HOXAT0Cisplatin B, 8
x 2 g0, — 0! HOXA1DIC|spIaun ~ 60, — 0e-NC[Cisplat £,
g 60 & 807 . oe-NC[Cisplatin 2 0e-HOXA10/Cisplatin & M
g Y Y - S 52
‘s g k] | - ©
5 40 £ £ 2 0.
2 8 H o HO8910
% 20, § §m =%
] 2 H °
5 & 8 2
e o0 HO891 z g o L s
. A2780 8910 61 62 8 100 w0 162 0% 10t
J + 0e-NCINS
s _ 06, - 0e-NC[Cisplatin 80
LA ® 0 @ ® 57|+ o0e-HOXA10NS g
® oo isplati S |+ 0e-HOXA10/Cisplatin g 60
0e-NCINS . oa-NCICn‘splann 204 P } %
3 5 &
e o 5 0o 8 :Hzxmo;sp!tin' v $oz £ 2
©0e-HOXA10/NS g 2
T 0
Jasaea 00 e ar e ae s e i a0 21 b s 0e-NC  oe-HOXA10

2 3
Time(week)





OEBPS/images/13046_2021_2088_Fig2_HTML.png
HOXA10 mRNA enrichment

A2780

HO8910

ALKBHS fragment enrichment

a b d - y
100 = A2780 0e-ALKBHS tiz=5.41h 5 = A
P - S 1.5 - A2780 0e-NC tiz=1.95h 8 255, — 0c-ALKBHS .
8 'll R “B° HOB910 0e-ALKBHS tiz=5.70h 5 |~ °°N¢ o g7 =
7 £ = | HO8910 0e-NC t12=3.80h 5 20. H 0 K] ° =
S 6 %, 5 4 £
£ 50. < § %1.5 - % % i
- zZ:2 < ° < o
£ £ s, <10 . g o
s g” z m gos . .
2 I3 - S 0.5 S ﬁ I ‘ ﬁ
F ,.;Gq ves] S oo g Soo | °
A2780 HO8910 9 ‘A2780 HO8910 ) Harso How1o
Time(h) o ) N oo N
® 3 F, & L L
S S SF & \,y*' & \»‘* o XL EE
W ¢S , & & & 9\‘\ & qv. A a‘v.
3J7KD| W s o s | GAPDH 37KD| s S5 s S |GAPDH 37KD GAPDH
0e-ALKBH5 o0e-NC A2780  HOB910 A2780  HO8910
e f
20
g . NC_000017.11:1818828-181181968 15
2 20 H
"t I o - £ | )
10, II| 0.5 (-E A
. A
0.0 o '
A2780 HO8910 2 3456 78 9 10 11
A2780 HO8910
3 e )
—_—— -
z pron ==
2 —WT z —WT
8 —Mut 83 -—Mut
° 2 2
g g [
ks 22
fid s E
gt 24
44KD Flag-HOXA10 £ 8
e &
o0e-HOXA10 oe-NC oe-HOXA10 oe-NC
g9 h i | —
= $iHOXA10-1
5 s 5 =—siNC 5 SiHOXA10-2
3 10., = 0e-HOXA10 -3 S 2.0, == siHOXA10-1 215 k.
S | —oeNC £ 37— ceHoxat0 = H SHOXA10-2 = < Ty T
S g § | = oeNC ] I3 s
3 1 215 2
8 $ 2 . 8 210 [e
£, $ g 5 .
o o x o ]
3 3 3 210 o . '
< 4 . < 0 Z Z
z =z *
H N z! . £os £08 e o
e Elr H ‘ e |:“'| M
£ o7 d E [) gnn [ 200 |
g A2780 HO8910 i A2780 HO8910 x HO8910 < A2780 HO8910
o NV &
N “y" D N W \s K
¢ *‘6\} & L & %d\y & L éd\!@ .QO*?Q.\}\‘Q “i&y
& g £ £ & & S &

HO8910

A2780

A2780 HO8910

TA2780  HO8910 TA2780  HO8910





OEBPS/images/13046_2021_2088_Fig6_HTML.png
mRNA expression (fold)

oe-NC oe-ALKBH5
o o
S q\ %g Q\
P P N
P

oe-NC

81—o0e-NC

o

IS

N

=3

— oe-ALKBHS

of] o]

p-STAT3

GAPDH

oe-HOXA10

0e-ALKBHS

ALKBH5 HOXA10

JAK2

- ' — “'1 p-STAT3

37KD‘- . —— W — ~‘

GAPDH

A2780 HO8910

88KD| - - - . - p-STAT3

31KD|— - G — —IGAPDH

A2780 HO8910

ALKBH5
o

-
o

mRNA expression (fold)
N B @

" a7kD

- oe-N -~
— 0e-HOXA10

ol*

130KD | W s - — - JAK2

88KD p-STAT3

L hadabed 1 ) Ao
-y o s

GAPDH

130KD\!- — s ] - "c‘ JAK2

'-'-_——--—‘p-STATS

88KD

37KD| W -

GAPDH

ALKBHS5

08.L2v

0L68OH

r’]mﬂ

oe-ALKBH5
- .

oe-ALKBH5

ALKBH5 HOXA10

JAK2






OEBPS/images/13046_2021_2088_Fig5_HTML.png
a HO8910 A2780 HO8910
o= 0e-ALKBHSISINC o 0e-ALKBHSISINC o~ 0e-HOXA10/SiNC o~ 0e-HOXA10/sINC
20, ©0e-ALKBHS/SiHOXA10-1 25 ©0e-ALKBHS/sIHOXA10-1 2.0, 4 06-HOXA10/SIALKBHS-1 34 00-HOXATO/SIALKBHS-1
-+ 0e-ALKBHS/SHOXA10-2 -+ 00-ALKBHS/SIHOXA10-2 "] - oe-HoxAt0siALKBHS-2 -+ 0e-HOXA10/SIALKBHS-2
§15. 0e-NCIsiNC g 20 ©0e-NCIsiNC £1.5. 0e-NCIsiNC H 0e-NCIsiNC
5 e B S g
H . e 18 g g2
510 o S £1.0. £
£ . ' E1o : :
2 = = =
305 8 o 305 3
0.0 0.0} 0.0- 0.
0 24 48 72 0 24 48 72 0 24 48 72 2 48 72
Time(h) Time(h) Time(h) Time(h)

b 0e-NC/ oe-ALKBHS/ oe-ALKBHS/ oe-ALKBHS/ 0e-NC/ oe-ALKBHS5/ oe-ALKBHS5/ oe-ALKBH5/

siHOXA10-1 siHOXA10-2 __siNC SiNC___siHOXA10-1 siHOXA10-2___siNC

0e-NC/siNC
—oe-ALKBHS/siNC
— o0e-ALKBHS5/SiHOXA10-1
s oe-ALKBHS5/siHOXA10-2
T 5Op waen T e T
8 2]
5 » F rj
£ 30
>
S 20
s
E- i
) e
g o
8
H A2780 HO8910
I3
0e-NC/ 0e-HOXA10/ oe-HOXA10/ oe-HOXA10/ 0e-NC/ 0e-HOXA10/ 0e-HOXA10/ oe-HOXA10/
SINC __ SIALKBHS-1 SIALKBHS-2 c SINC _ SIALKBH5-1 SIALKBH5-2  SiNC
oe-NC/siNC
— —o0e-HOXA10/siNC
S  0e-HOXA0/SIALKBHS-1
= 0e-HOX10/siALKBHS-2
]
£ 60 N a
x swa s
: 2. (B[]
2 I 40
o b d
e k]
820
k|
£
H
e 0
8 A2780 HOB8910
C A2780 HO8910 A2780 HO8910
== 0e-ALKBHS/siNC IC50=20.49uM = 0e-ALKBH5/siNC IC50=10.98uM == 0e-HOXA10/siNC IC50=14.18uM = 06-HOXA10/siNC IC50=9.77uM

0e-ALKBH5/siHOXA10-1 IC5!
== 0e-ALKBH5/siHOXA10-2 IC50=

1.47yM == 0e-ALKBHS/SIHOXA10-1 IC50=5.17yM == 0e-HOXA10/siALKBHS-1 IC50=8.07uM == oe-HOXA10/siALKBH5-1 IC50=5.26uM
1.61uM == 0e-ALKBHS5/SiHOXA10-2 IC50=5.75uM == 0e-HOXA10/siALKBHS-2 IC50=6.89pM == 0e-HOXA10/siALKBH5-2 IC50=

0e-NC/siNC IC50=7.20uM 0e-NC/siNC IC50=3.51uM 0e-NC/siNC IC50=5.72puM 0e-NC/siNC IC50=2.68uM
150 150 150

g g g
100 - - - s

s ﬂ = = 2 10

3 T TY

2 50 : 2 50

H il bl @

0 5 10 15 20 o 5 10 15 20 L] 5 10 15 20
d Cisolatin(uM) Cisplatin(uM) Cisnlatin(ul Cisplatin(uM)
0e-NC/ oe-ALKBHS/ oe-ALKBHS/ oe-ALKBHS/ 0e-NC/ oe-ALKBHS/ oe-ALKBHS/ oe-ALKBHS/ 0e-NC/siNC

siHOXA10-1 siHOXA10-2 siNC

SiNC___siHOXA10-1_siHOXA10-2 SiNC

== 0e-ALKBHS5/siNC
w 0e-ALKBH5/siHOXA10-1
oe-ALKBH5/siHOXA10-2

x
S 60
&=
3
S 40.
°
)
2 2.
s L0
S o ha
A2780 HO8910
0e-NC/ oe-HOXA10/ oe-HOXA10/ oe-HOXA10/ oe-NC/siNC
SINC _ SIALKBH5-1 SIALKBH5-2 _ siNC — 0e-HOXA10/siNC
g 7 . — 0e-HOXA10/siALKBH5-1
ao,  CoHOXATOIALKBHS 2,

@
S

Percentage of yH2AX (%)
N
s 8

AL ]

A2780 HO8910

o






OEBPS/images/13046_2021_2088_Fig1_HTML.png
@

== 0e-ALKBHS
— oe-NC

Iy

ALKBH5 mRNA expression (fold)

ALKBH5 mRNA expression (fold)

2
ol ol - .
S & & L R1 S1 R2 S2
& PSS e 0
& & 43KD)| - e ALKBHS
5 0.5, 37D — — GAPDH
2
% 0.04] - R3 S3 R4 S4
& 0.03 '|-
o 3
£ 002 " R5 S5 R6 S6
0
T 0.01 . [] A3KD(gge = - - ALKBHS —_—
8., waEs " A2780 HOB910
&”‘ - 37KD| o g s | GAPDH
A2780
@ 37 = oeNC f A2780
2 | = oe-ALKBHS5 o __1507— o0e-NC IC50=8.29uM
% 3 —0e-ALKBH5 B — oe- =13.10uM
52 4 e Sl ALKBHS IC50 ul
3 = 34 3 & .
a1 2 Y 3
= o ° 2 50 *
= H 2
8 2 20- E
o g
24 ) 72 2 §1o 2 B
" 5
Time(h) o T Cisplatin (uM)
HO8910
4, +0e-NC o e ALKEHS HO8910
§ | = oe-ALKBHS it ‘."; = 50— 0e-NC 1507 — oe-NC IC50=3.60uM
§ g P S e Ofe =
g3 5 Su E z o0e-ALKBHS IC50=8.001M
8 @ 2 . £ 100
E2 & 5% =
5 =
H b S20{ [ s =
2.1 g g E 50. - e
3 i  10. 5
S ] 5 o. “ o
0 24 4 72 HO8910 5 10 15 20
Time(h) Cisplatin (uM)
e 0€-ALKBH5 I A2780
g0, —ooNC 0e-NCIPBS oe-NC(Cisplatin  0e-ALKBHS/Cisplatin — ceHCIPES
g ) _ — oe-ALKBHS/Cisplatin
< 1 | -D;: &) Ego,— ooNCiisplatin
<60 [e ©Dip § g
I S0 ssse ane
° 2
% a0 8 S g |
4 g H
£ 2. an g2
g g ol
L Gl a2 s
Merge A2780 HO8910
g e 0€-ALKBHS NC/PBS
',': 807 —oenc oe-NC/PBS oe-NC[Cisplatin  oe-ALKBHS/Cisplatin 2o ALKBHS(CIsplatin
% > B { i | ®mDipG1 R, CONCICispltin
o g 60 ®mDipG2 5 2
o :; ©Dip S g
s 40. 5"
z £ 20. L
S H
o ] £ ol
g, p ; o &
o S e - &1 o2 s
oe-NC(Cisplatin  oe-ALKBHS/Cisplatin  ekLKEIE k « 0e-NCINS
% ® 15, — 0oNC. % @ P & @& O _ T oeNCispatin
o = g E 0.6, 0e-ALKBHS/NS
) % re o0e-NCINS § %1~ oe-ALKBHS/Cisplati
3 210 Y =
K% &% - - h . E 04 B
R b g, @4y ®» 6 |
e e & oe-ALKBHS5/NS >o02
% 3 mmmmmmwmmwmm s
ST, R o S ol e L e e E P
A
oo-NCICisplatin  0e-ALKBHSICisplatin oo aLicaHs Time (week)
8] =oeNc ® ¢ 9 0@ ® ® o _n
° oe-NC/Cisplatin PN
gr L £
2 . . . . . . . T 6o
2 i oe-ALKBHS5/Cispltain g 40
g
= 2 20

2 2
109 10! Lo‘f 103 10* 100 10! 1\0\/2 103 10% HO8910 0e-NC oe-ALKBHS





OEBPS/css/envelope.png





OEBPS/images/13046_2021_2088_Fig7_HTML.png
oo
DADApaDC €&

ALKBH5
m6A
% fAA 5, AAA
=g NANNS o
T~ < _ JAK2 mRNA Demethylation PP ae
..-.------ ----------
YTHDF2 fEmmmEs
m6A .
5, AAA 5 ®
WVVAAA
mRNA .
degradation Stabilizing
A ' 5. AAA
Ao NANANS
v/ B AAA
~ NANANS

Overexpression

Tumor growth

Activating JAK2/STAT3
signaling pathway

—

&

Resistance to cisplatin

Phosphorylation





OEBPS/css/sidebar.gif





OEBPS/images/13046_2021_2088_Fig4_HTML.png
>

JAK2 mRNA enrichment

=

down-peaks

down-genes

A2780

5 —Oc-ALKBHS

$ 4 ToeNC

< nr

2

]

2

&

3

<

F

z

£

g

< A2780
—siNC
=—SiALKBH5-1

5 ~SiALKBH5-2

g

“5'1.5

2

£1.0.

-

8 o,

<

£05 °

E

g

< 0.0l

<

A2780

up-peaks

HO8910

HO8910

HO8910

c d
_— 10/ Hypo-up " Hyper-up
v G5
w
MeRIP-seq RNS-seq g
(p < 0.05, (p<0.05, go
Log2 FC 2 1) Log2 FC21) E
&5
[0 S'UTR (20.1%) < < 7 10| Hypo-down Hyper-down
B FUTR (51.88%) ) 4 \ .
3 1st Exon (9.57%) 10 iAD,m "é i
@ Other Exon (18.45%) 586 up-peaks 2005 up-genes mi iff log2(FC)
792 down-peaks 676down-genes
CEP2%0
PHIP
DST
CPLANE1 f g
cp
VCAN -
woes B
KIF2T e = o1, —oe-ALKBHS
SETDB2 e 2 %151 Zoenc
= oe-ALKBH5 1 Ik perip £ 3 oeN .
£
DOFIA 06-ALKBHS 15— L lse_input gE ..
NHLRC2 L . 52
SLC2A13 D — input £ 3
x o
GAB2 Z 050
SP100 s 3
HLAL JAK2 (chro:5126686 - 5127015) e
T S o000
:un:a“ 19G MeRIP
i i (EersaN]HoaceaHoaccAHooce
= A2780 0e-ALKBHS t1/2=7.16h A2780 —
& 4.5- A2780 0e-NC t1/2=2.79h 225 o wr % & &?
2 -G+ HO8920 oe-ALKBHS t1/2=7.10h H e T 3 T —wr
2 - H08910 0e-NC t1/2=4.46h S 20 s —Mut
s 2 2
s s 4
E §1 n.s 2
H S0 H
£ o e 2
I 2os 2
X 5 5
K 200 g o
0 } 0e-ALKBHS  o0e'NC
Time(h)
| m HO8910 n
=z ) .
88 €3 .1 _ns g 100
5 § £
36 @ s
2 2, g 5
2 e £ 2
g 5 5
s 8 st
< g < 4 z =
zZ2 F £
3 £ g
go L3 9 N g . N N 5’
5SS 5 SE S
IS CEEEE
TS O S
g IS &L
& & & & o
0e-ALKBHS + + + — — — 0oALKBHS + + + — — — = A2780 siYTHDF2 t1/26.94h
Z - _ z i z - A2780 SiNC t1/2=2.97h
sIVTHDF24 =+ * sIYTHDF21 =+ M & 1.5 -5 HOB910 SiYTHDF2 t1/2=17.49h
SiYTHDF22 = = + — = + SiYTHDF22 = — + = + ] -0-HOB8910 SiNC t1/2=5.07h
oe-NC T S 0e-NC - - -+ 4 $z
siNC - = + - = siNC 4 - - + - - s 1.0
FIR-
e T e PO e P
g Sos
x
Time(h)





