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Background

RNA N6-methyladenosine (m6A) readers mediate cancer progression. However, the role of eiptranscriptomic modifications such as m6A in the regulation of TNBC progression is unclear.





Methods

High-throughput library screening identifies the key m6A regulator YTHDF3 in TNBC. Cell and animal experiments were used to identify that YTHDF3 promoted TNBC tumorigenesis to enhance Centromere protein I (CENPI) translation via m6A modification.





Results

We showed that the N6-methyladenosine (m6A) reader YTHDF3 was an independent risk factor in TNBC and was associated with poor prognosis of patients. Notedly, overexpression YTHDF3 promoted TNBC tumorigenesis in an m6A modification, while TNBC knockdown markedly inhibited proliferation and migratory ability of tumor cells in vitro and in vivo. Mechanistically, Mechanistically, YTHDF3 interacted with Centromere protein I (CENPI) mRNAs to prolong stability of m6A-modified RNA.





Conclusion

Our findings indicated that m6A reader YTHDF3 contributed to tumorigenesis and poor prognosis, providing a potential prognostic biomarker and therapeutic target for TNBC.
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Introduction

Triple-negative breast cancer (TNBC) is defined as the absence of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) (1, 2). Compared to other subtypes, TNBC represents the most challenging subtype of breast cancer owing to its highly invasive nature, distant metastasis and recurrence, and lack of targeted therapy options (3). Therefore, it is imperative to further illustrate the molecular pathogenesis of TNBC to develop novel therapeutic strategies.

RNA N(6)-methyladenosine (m6A) modification is one of the most pervasive and abundant RNA modifications and plays a critical role in regulating mRNA stability, splicing, transport, localization, and translation. m6A modifications are dynamic and reversible posttranscriptional RNA modifications that are mediated by m6A regulators, such as methyltransferases (“writers”: METTL3, METTL14, and WTAP), demethylases (“erasers”: ALKBH5 and FTO), and m6A-binding proteins (“readers”: YTHDs and IGF2BPs) (4, 5). Recent studies have shown that the dysregulation of RNA m6A methyltransferases/demethylases plays a crucial role in cancer initiation, progression, and metastasis by modulating the oncogenic mRNA stability (6, 7). To date, the role of various m6A reader proteins in the progression of TNBC remains largely unexplored. Therefore, it is necessary to elucidate the biological importance of m6A regulators in promoting tumors.

Centromere protein I (CENPI) is an important member of the centromeric protein family, which is crucial to chromosome alignment and segregation (8). Genetic mutations in CENPI can lead to centromere instability, as evidence-based studies show dynamic centromere break/deletion/isochromosome/translocation formation (9). CENPI mutations can be detected in some human cancers, such as adrenocortical carcinoma, lung adenocarcinoma (8), breast cancer (10), and colorectal cancer (CRC) (11). These findings have suggested that CENPI acts through distinct mechanisms in different tumor types.

Here, we demonstrated that a critical m6A reader, YTH domain-containing family protein 3 (YTHDF3), directly recognized m6A‐modified mRNAs of the CENPI gene and stabilized CENPI mRNAs to contribute to tumorigenesis in TNBC. In summary, our results revealed that m6A modulates cancer cell plasticity and provides potential therapeutic targets for TNBC.





Materials and methods




Data collection

mRNA-seq datasets and clinical information on TNBC were obtained from The Cancer Genome Atlas (TCGA) database (https://cancergenome.nih.gov/).





Survival analysis and Cox regression analysis

The difference in overall survival (OS) between the two groups was evaluated by the Kaplan–Meier (K-M) survival analysis using the log-rank test. Cox regression analysis and hazard ratio (HR) were performed using the R package “survival”.





DEG analysis

The “limma” package of the R software was used to identify the differentially expressed genes (DEGs) between high-YTHDF3 and low-YTHDF3 expression groups. The top 1,500 upregulated genes were screened.





Construction of a protein–protein interaction network

The mRNAs were included in a protein–protein interaction (PPI) network using the STRING database (https://string-db.org/) with a confidence score of >0.8. Cytoscape (version 3.8.1) was used to visualize the PPI network (12).





Gene set variation analysis

Gene set variation analysis (GSVA) was used to investigate the variation in biological processes between different cuproptosis regulation patterns with the R package “GSVA”.





Cell lines and cell culture

Human TNBC cell lines (MDA-MB-231 and SUM159PT) were purchased from the Chinese Academy of Sciences Cell Bank. These cell lines were grown on dishes in DMEM/F12 (Gibco, Grand Island, NY, USA) supplemented with 10% Gibco fetal bovine serum (FBS). All cells were seeded into culture dishes and incubated at 37°C in a 5% CO2 humidified incubator.





Cell proliferation assay

Cell Counting Kit-8 (CCK-8) assay was used to assess tumor cell viability following the manufacturer’s instructions. TNBC cells (2 × 103 cells, 100 μL per well) were seeded into 96-well plates, and CCK-8 reagent (Bio-Techne, Hong Kong, China; Cat# 7368/5ML) was added at 24, 48, 72, and 96 h. The absorbance at 450 nm was measured using a microplate reader. For the colony formation assay, cells were seeded in 6-well plates at a density of 1 × 103 cells per well and cultured for 7–10 days. The colonies were then stained with 0.2% crystal violet and documented.





Transwell migratory experiment

To evaluate cell migratory ability, MDA-MB-231 and SUM159PT cells (3 × 104) were seeded into the upper chamber and incubated overnight. Subsequently, 500 μL complete medium supplemented with 10% FBS was added into the lower chamber of the Transwell insert to promote cell migration. After 24 h, cells migrating through the membrane of Transwell inserts were stained with crystal violet and photographed by microscopy.





Wound healing assay

Cells were seeded in a 6-well plate and incubated overnight. The next day, the inserts were removed, and serum-free medium was added. After 36 h, ImageJ was used to calculate the migratory rate.





Western blotting

Cells and tissue were lysed using Radio Immuno Precipitation Assay (RIPA) lysis (Thermo Fisher Scientific, Waltham, MA, USA; Cat# 89900) buffer supplemented with protease and phosphatase inhibitors (Beyotime, Shanghai, China). Protein concentrations were determined using the BCA kit (Thermo Fisher Scientific; Cat# 23225). Lysates were then separated by Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS–PAGE) gels and transferred onto polyvinylidene difluoride (PVDF) membranes. Membranes were incubated overnight at 4°C with specific primary antibodies. After washing, membranes were incubated with secondary antibodies at room temperature for 2 h.





Chemical reagents, antibodies, and transfection

HUR (RiboBio, Guangzhou, China), actinomycin D (APExBio, Houston, TX, USA), anti‐YTHDF3 (Proteintech, Wuhan, China; Cat# 25537-1-AP), anti‐CENPI (Abcam, Cambridge, UK; Cat# ab168778), anti‐GAPDH (Proteintech; Cat# 60004-1-Ig), and m6A (Proteintech; Cat# 68055-1-Ig) were used.

YTHDF3 overexpression plasmids and short hairpin RNA (shRNA) were purchased from GeneChem (Shanghai, China). The specific human shRNA sequences were shYTHDF3#1, GGACGTGTGTTTATAATTA; shYTHDF3#2, GACTAGCATTGCAACCAAT. All transfections were performed according to the manufacturers’ instructions.





mRNA stability assay

To explore the stability of CENPI mRNA and protein under the downregulation or upregulation of YTHDF3, cells were treated with 10 µm actinomycin D for 0, 3, and 6 h prior to RNA extraction. The procedures of total RNA isolation and RT–qPCR were performed as described above. The transcript level of CENPI mRNA was estimated as the half-life of the mRNA and normalized to GAPDH as the standard.





Quantitative RT–PCR

Total RNA was extracted from cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA; Cat# 15596026CN) according to the manufacturer’s instructions. For reverse transcription, 1 μg of RNA was applied (Cat# R323-01; Vazyme, Nanjing, China). Real-time PCR analysis was performed using SYBR Premix Ex TaqTM (Tli RNaseH Plus) (TaKaRa, Dalian, China). The amplification primers were as follows: (YTHDF1 forward: ACCTGTCCAGCTATTACCCG; YTHDF1 reverse: TGGTGAGGTATGGAATCGGAG) (YTHDF2 forward: CCTTAGGTGGAGCCATGATTG; YTHDF2 reverse: TCTGTGCTACCCAACTTCAGT) (YTHDF3 forward: TCAGAGTAACAGCTATCCACCA; YTHDF3 reverse: GGTTGTCAGATATGGCATAGGCT).





RNA immunoprecipitation assay

The Geneseed RIP Kit (MBL International, Schaumburg, IL, USA; Cat# RN1001) was performed for the RNA immunoprecipitation (RIP) assay according to the instructions. Briefly, magnetic beads were mixed with anti-m6A/YTHDF3/IgG antibodies, and then cell lysates were added. Next, the bound complexes were thoroughly washed, eluted, purified, and analyzed by RT–qPCR. Enrichment of precipitated RNAs was normalized relative to input controls.





Tumor xenograft model

Animal experiments are approved by the ethics committee and carried out in strict accordance with the requirements. Male BALB/c nude mice (4–6 weeks, 18–22 g) purchased from the Animal Center of Biotechnology Co., Ltd (Beijing, China) were maintained under specific pathogen-free conditions. Treated SUM159PT cell suspensions (1 × 106 cells) were mixed 1:1 and injected subcutaneously into the right axillae of nude mice. The quantification of immunohistochemical staining was performed using the Image-Pro Plus 6.0 software. Tumor volume was calculated as follows: (longest diameter) × (shortest diameter)2 × (π/6). All animal experimental procedures used in this study were approved by the Animal Ethics Committee of the Third Hospital of Nanchang. All methods were performed in accordance with the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines and related guidelines and regulations.





Statistical analysis

All data were presented as means and standard deviations (SDs). Differences between the two independent groups were determined using a two-tailed Student’s t-test. A one-way ANOVA test was performed for multiple comparisons. Statistical analysis was performed using the GraphPad Prism 9 software. A p-value less than 0.05 was considered statistically significant.






Results




YTHDF3 was identified as a core m6A regulator in TNBC

m6A, as an epigenetic modification, is dynamic and reversible, established mainly by three enzymes (Figure 1A and Supplementary Table S1), namely, m6A methyltransferases (also called writers: METTL3, METTL14, etc.), m6A demethylases (also called erasers: FTO, ALKBH5, and ALKBH3), and m6A-binding proteins (also called readers: IGF2BP1-3, YTHDF1-3, etc.) (5, 13). Compared to normal tissues, most m6A regulators demonstrated remarkable differential expression in TNBC patients (Figure 1A). We depicted the comprehensive landscape of m6A regulatory interactions, regulator connection, and their prognostic significance for TNBC patients using the m6A regulator network (Figure 1B). Importantly, based on survival analysis, among 26 m6A regulators, we found that YTHDF3 and IGF2BP1 overexpression showed poor prognosis, whereas RBM15B and HNRNPC overexpression demonstrated good prognosis (Figure 1C). By joint difference, survival, risk, and prognosis analysis, we screened out YTHDF3 as the only significant regulated gene (Figure 1D). Taken together, these data highlight the oncogenic role of YTHDF3 in TNBC progression.




Figure 1 | YTHDF3 was identified as a core m6A regulator in TNBC. (A) Differential expression of m6A regulators between normal and TNBC tissues in TCGA cohort (normal, blue; TNBC, red). Significant results are indicated as ***p < 0.001, **p < 0.01, and *p < 0.05. (B) The interaction of expression on m6A regulators in TNBC. Different biological functions of m6A regulators were depicted by circles in different colors. The circle size represented the effect of each regulator on the prognosis by p-value. The lines linking regulators represent their interactions, pink represents positive correlation, and blue represents negative correlation. Green dots in the circle show favorable factors of prognosis. Purple dots in the circle show risk factors of prognosis. (C) Kaplan–Meier survival analysis showed that indicated genes (YTHDF3, IGF2BP1, RBM15B, and HNRNPC) exhibited prognosis in TNBC patients based on TCGA data. (D) The Venn plot shows that YTHDF3 was identified based on the intersection analysis. Cox, p < 0.05; HR > 1; differential analysis between normal and TNBC in TCGA database; the cutoff criteria were set aslog2 fold change (FC)|> 0 and p < 0.05. TNBC, triple-negative breast cancer; TCGA, The Cancer Genome Atlas; HR, hazard ratio.







YTHDF3 promotes tumor progression in TNBC

Next, a range of functional experiments were used to explore the biological function of YTHDF3 in TNBC. YTHDF3 overexpression or knockdown was transfected in MDA-MB-231 and SUM159PT cells. Transfection efficiency was evaluated by Western blotting and qPCR (Figures 2A, B; Supplementary Figure S1). Colony formation assays and CCK-8 assays showed that the proliferative capacity and colony formation ability of the Vector-YTHDF3 group was significantly promoted, whereas YTHDF3 knockdown decreased cell proliferation and colony formation capacity compared to those in the control group (Figures 2C, D). In addition, our research verified that YTHDF3 overexpression markedly promoted the migration and invasion capabilities of TNBC cells (MDA-MB-231 and SUM159PT), while YTHDF3 knockdown decreased the migration and invasion capabilities compared to those in the control (Figures 2E–G). The SUM159PT cell suspension mixtures were used to establish an in vivo xenograft model. During the observation of flank xenografts in BALB/c nude mice for 28 days, YTHDF3 knockdown significantly delayed tumor progression, as the volume of YTHDF3-deficient tumors was significantly decreased compared with that of control tumors (Figures 2H, I). The nude mice were sacrificed, and the xenografts were harvested and weighed; the results showed that tumor weights were significantly reduced (Figure 2J). Therefore, these results suggested that YTHDF3 may influence the degree of malignancy in TNBC.




Figure 2 | YTHDF3 promotes tumor progression in TNBC. (A, B) Transfection overexpression and knockdown efficiencies were validated by Western blotting and qPCR, respectively (n = 6). Data are mean ± SEM. ***p < 0.001. Two-tailed unpaired Student’s t-test. (C) Colony formation assay was used to analyze the proliferation viability of YTHDF3 in TNBC cells (n = 6). Data are mean ± SEM. *p < 0.05, **p < 0.01, compared with the control group. (D) CCK-8 was used to analyze the proliferation viability of YTHDF3 in TNBC cells (n = 6). Data are mean ± SEM. *p < 0.05, **p < 0.01, compared with the control group. (E) Transwell migration assay was used to analyze the migration viability of YTHDF3 in TNBC cells (n = 6). Data are mean ± SEM. *p < 0.05, **p < 0.01, compared with the control group. (F, G) Wound healing assay was used to analyze the migration viability of YTHDF3 in TNBC cells (n = 6). (H) The image of mice bearing subcutaneous tumors derived from SUM159PT cells treated with different treatments (shNC, shYTHDF3#1, or sh YTHDF3#2) at the indicated times. (I) The xenograft growth curves for the shYTHDF3#1, shYTHDF3#2, and shNC groups were plotted by measuring the tumor size (width2 × length × π/6) with a Vernier caliper every 7 days. (J) Nude mice were sacrificed, and xenografts were harvested and weighed. Data are mean ± SEM (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001, compared with the control group. TNBC, triple-negative breast cancer.







Functional annotations of YTHDF3 in TNBC

Immune cell infiltration analysis showed that high-YTHDF3 patients showed no significant enhancement compared to the low-YTHDF3 patients using the single-sample Gene Set Enrichment Analysis (GSEA) (ssGSEA) algorithm (Figure 3A), which suggested that YTHDF3 did not promote tumor progression by regulating the immune system. To explore the underlying molecular mechanisms of YTHDF3 in TNBC patients, we evaluated the biological function differing in the high-YTHDF3 and low-YTHDF3 subgroups of TNBC patients using GSVA, in which the results showed that the high-YTHDF3 patients were mainly related with the TGF-β signaling (Figure 3B), protein secretion, and mitotic spindle signaling pathways in TCGA dataset (Figure 3C). We evaluated the correlations between YTHDF3 expression and clinical properties in TCGA dataset; we screened the DEGs in the high- and low-YTHDF3 patients with TNBC (Figure 3D). Interestingly, we found that co-silencing YTHDF3/1 synergistically suppresses TNBC progression, while knockdown YTHDF3/2 rescues the inhibitory effect of knockdown YTHDF3 only (Figures 3E–H), in which interaction with other m6A regulators YTHDF1/2 were involved in the regulatory modification mechanism of YTHDF3.




Figure 3 | Functional annotations of YTHDF3 in TNBC. (A) Correlations of YTHDF3 expression with 29 immune-associated gene sets, immune score, stromal score, ESTIMATE score, and tumor purity. (B) Gene set variation analysis (GSVA) of YTHDF3 in TCGA cohort, as determined by Gene Expression Omnibus (red, high score; blue, low score); Kyoto Encyclopedia of Genes and Genomes (KEGG). (C) Gene set variation analysis (GSVA) of YTHDF3 in TCGA cohort, as determined by Gene Expression Omnibus (red, high score; blue, low score); HALLMARK. (D) Differences in clinical features (TNM, age, stage, and survival status) of TNBC between the low‐YTHDF3 and high‐YTHDF3 subtypes. (E–H) Cell viability (E, G) and cell apoptosis (F, H) in MDA-MB-231 and SUM159PT cells with different treatments. Data are mean ± SEM (n = 3). NS, non-significant; *p < 0.05, **p < 0.01, and ***p < 0.001, compared with the control group. TNBC, triple-negative breast cancer; TCGA, The Cancer Genome Atlas.







CENPI was identified as a downstream target of YTHDF3

The limma package was used to screen 1,500 DEGs to investigate the potential biological behavior of YTHDF3 modification patterns between the high-YTHDF3 and low-YTHDF3 expression groups. STRING database (confidence value >0.8) was used to show the PPI network of the interactions among DEGs (Figure 4A). The five crucial genes (PLK1, IFNG, CENPI, CXCL9, and CXCR3) were based on the 146 key genes of the PPI network and 120 prognostic genes (Figure 4B). Then, CENPI was identified as a downstream target of YTHDF3 based on the crucial genes Methylated RNA immunoprecipitation sequencing (MeRIP) (GEO: GSE29714) and YTHDF3-RIP (GEO: GSE201540) (Figure 4C). Subsequently, the differential analysis showed that CENPI expression was significantly increased in TNBC compared with normal tissue using TCGA dataset (Figures 4D, E). The K-M analysis revealed that CENPI overexpression in tumor patients indicates poor survival (Figure 4F). Therefore, YTHDF3 may depend on m6A modification manner to regulate CENPI to play a carcinogenic role.




Figure 4 | CENPI was identified as a downstream target of YTHDF3. (A) The PPI network with the STRING confidence score >0.8 based on 1,550 upregulated genes in TNBC. (B, C) The Venn plot shows five crucial genes (PLK1, IFNG, CENPI, CXCL9, and CXCR3) based on the 146 key genes of PPI network and 120 prognostic genes. (C) The Venn plot shows that CENPI was identified as a downstream target of YTHDF3 based on the crucial genes MeRIP (GEO: GSE29714), and YTHDF3-RIP (GEO: GSE201540). (D) The expression of DEPDC1 between normal and TNBC. (E) Pairwise difference analysis of DEPDC1 between normal and tumor. (F) Kaplan–Meier overall survival (OS) curves for tumor patients in accordance with CENPI expression in The Cancer Genome Atlas (TCGA) cohort. PPI, protein–protein interaction; TNBC, triple-negative breast cancer.







YTHDF3 regulated CENPI expression in an m6A-dependent manner

The m6A site prediction tool SRAMP was used to predict the distinct m6A sites in CENPI at single-based resolution (14) (Figure 5A). Then, MeRIP-RT–qPCR was performed to investigate whether gene expression affected m6A modification; the results indicated CENPI mRNA enrichment in the m6A-specific antibody (Figure 5B). RIP and RT–qPCR were used to evaluate RNA enrichment, and the results showed that the mRNA of CENPI was enriched by the anti-YTHDF3 antibody compared with IgG in the MDA-MB-231 and SUM159PT cell lines, which confirmed the direct interaction between YTHDF3 and CENPI (Figure 5C). Moreover, YTHDF3 overexpression was markedly prolonged (Figure 5D), while YTHDF3 knockdown obviously shortened the half-life of CENPI mRNA in TNBC cells (Figure 5E). Moreover, silencing mRNA stabilizer HuR dramatically diminished YTHDF3‐induced CENPI upregulation (Figure 5F), which demonstrated that YTHDF3 regulated CENPI expression by modulating its mRNA stability. Importantly, we found that the m6A modification of two potential nucleotide sites (Site1:64745 and Site2:64781) on the CENPI mRNA 3′UTR were validated by SELECT‐qPCR; the results showed that the m6A levels of the two sites on CENPI mRNA were dramatically decreased by YTHDF3 knockdown (Figure 5G). In addition, the association of YTHDF3 with the m6A‐modified region of CENPI mRNA could be abrogated by introducing mutations in its putative m6A‐modified site (AAACT-AGACT) (Figure 5H); the effects of IGF2BP3 on increasing BCAS2 mRNA stability were drastically abolished following the mutation of the specific m6A‐modified site (Figure 5I). Taken together, these data revealed that YTHDF3 mediated the degradation of CENPI mRNA by m6A modification.




Figure 5 | YTHDF3 regulated CENPI expression in an m6A-dependent manner. (A) The potential m6A sites in CENPI were predicted by SRAMP. The different colored lines indicate different confidence levels. (B) The mRNA of CENPI was enriched by the m6A-specific antibody compared to IgG in MDA-MB-231 and SUM159PT cells. (C) The mRNA of CENPI was enriched by the anti-YTHDF3 antibody compared to IgG in MDA-MB-231 and SUM159PT cells. (D, E) RT‐qPCR assay showing CENPI mRNA stability in MDA-MB-231 cells. (F) The effect of silencing HuR on CENPI expression in MDA-MB-231 and SUM159PT cells. (G) The threshold cycle (Ct) of qPCR shows SELECT results for detecting the m6A site in mRNA 3′UTR of CENPI in MDA-MB-231 and SUM159PT cells with or without knockdown of m6A regulators. (H) RIP‐qPCR detecting binding of YTHDF3 to the CENPI 3′UTR. (I) RT‐qPCR assay showing CENPI mRNA stability. Data are mean ± SEM (n = 3). *P < 0.05, **P < 0.01, ***P < 0.001, compared with the control group.







YTHDF3 promotes TNBC progression through CENPI expression

As expected, overexpression of CENPI also promoted cell proliferation, colony formation, and migration in MDA-MB-231 and SUM159PT cells, confirming the oncogenic effects of CENPI (Figures 6A–D). Since YTHDF3 could regulate CENPI expression, rescue experiments were carried out to verify the interaction between YTHDF3 and CENPI in TNBC progression. CENPI overexpression could partially counteract the antitumor effects on cell viability (Figure 6A), colony formation (Figure 6B), and migration (Figures 6C, D) mediated by shYTHDF3. Importantly, in the BALB/c mouse model, YTHDF3 overexpression-induced tumor progression could be partially abrogated by CENPI knockdown (Figures 6E–G). Collectively, YTHDF3 promotes TNBC progression through CENPI expression.




Figure 6 | YTHDF3 promotes TNBC progression through CENPI expression. (A) Colony formation assay indicated the rescue effect of CENPI on YTHDF3 silencing in MDA-MB-231 and SUM159PT cells. (B) Cell viability was measured in YTHDF3 silencing cells with or without overexpression of CENPI in MDA-MB-231 and SUM159PT cells. (C, D) Transwell migration assays and wound healing assays were performed in YTHDF3-deficient cells with or without overexpression of CENPI in MDA-MB-231 and SUM159PT cells. All the data are presented as the mean ± standard deviation (n = 3). **p < 0.01, compared with the control group. (E) The image of mice bearing subcutaneous tumors derived from SUM159PT cells treated with different treatments (Ctrl, YTHDF3 overexpression, or YTHDF3 overexpression+ CENPI knockdown) at the indicated times. (F) The xenograft growth curves for the YTHDF3 overexpression, YTHDF3 overexpression + CENPI knockdown, and Ctrl groups were plotted by measuring the tumor size (width2 × length × π/6) with a Vernier caliper every 7 days. (G) Nude mice were sacrificed, and xenografts were harvested and weighed. Data are mean ± SEM (n = 3). **p < 0.01, compared with the control group. TNBC, triple-negative breast cancer.








Discussion

m6A modification is dynamically and reversibly regulated by m6A “writers”, “erasers”, and “readers”. An increasing number of studies have demonstrated that m6A editing promotes tumor development and progression (15, 16). Accumulating evidence has indicated that YTHDF3 promotes tumor progression including breast cancers (17), small-cell lung cancer (SCLC) (18), CRC (19), and other types (20–22); however, the role of YTHDF3 in TNBC is not well understood.

In this study, among these m6A regulators, we first identified the key m6A regulator YTHDF3 in TNBC using TCGA dataset through differential analysis, correlation analysis, Cox regression analysis, and survival analysis. We confirmed bioinformatically that the YTHDF3 expression was significantly higher in TNBC tumor samples than in normal samples. Moreover, the TNBC patients with high YTHDF3 expression had a worse prognosis. In in vitro experiments, we demonstrated that YTHDF3 promoted tumor progression in TNBC by CCK-8, colony formation assay, Transwell migration assay, and wound healing assay.

Next, we further explored the function of YTHDF3 in TNBC. Surprisingly, high-YTHDF3 patients had no obvious immune activity compared to low-YTHDF3 patients. In addition, GSVA showed that high-YTHDF3 patients were mainly related to the TGF-β signaling, protein secretion, and mitotic spindle signaling pathways.

YTHDF3, as regulator (“reader”) of m6A modification, has been reported to play an important role in tumor progression. For example, YTHDF3 facilitated HDAC6 translation, ultimately attenuating cell growth and cervical cancer development (23). YTHDF3 suppressed PFKL mRNA degradation via m6A modification, subsequently promoting tumor growth and lung metastasis of HCC cells (24). However, the mechanism of the m6A modification of YTHDF3 in TNBC is still unclear. To explore whether YTHDF3 regulated the progression of TNBC cells in an m6A-dependent manner, the Gene Expression Omnibus (GEO) database was used to explore the modification target gene of YTHDF3. Then, CENPI was identified as a downstream target of YTHDF3. CENPI belongs to the constitutive centromere-associated network, which regulates chromosomal segregation and alignment as well as guarantees a suitable mitosis process (10, 25–27). CENPI has been shown to affect tumorigenesis. The pan-cancer analysis demonstrated that CENPI is a potential diagnostic and prognostic biomarker in various cancers including TNBC (9). In addition, CENPI was related to immune cell infiltration and drug sensitivity in pan-cancer and can act as a potential treatment target to cure cancer patients (8).

We confirmed bioinformatically that CENPI was significantly upregulated in TNBC compared with normal tissue and that CENPI overexpression showed poor survival. MeRIP-RT–qPCR demonstrated that YTHDF3 modulated CENPI mRNA stability via m6A modification. Importantly, in vitro experiments and rescue experiments were carried out to verify whether YTHDF3 promotes TNBC progression through CENPI expression. The above data suggested that the YTHDF3–CENPI axis has an important role in TNBC progression and provides a novel potential prognostic biomarker for TNBC.





Conclusion

In conclusion, our study has illustrated that YTHDF3-mediated m6A modification in CENPI mRNA stabilization contributes to the tumorigenesis and poor prognosis of TNBC, providing a distinct mechanistic insight in m6A‐dependent, which should be helpful for developing CENPI signaling‐targeted inhibitors.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

Ethical approval was not required for the studies on humans in accordance with the local legislation and institutional requirements because only commercially available established cell lines were used.





Author contributions

YZ: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. SC: Conceptualization, Data curation, Methodology, Supervision, Writing – review & editing. QW: Formal analysis, Funding acquisition, Project administration, Resources, Writing – original draft.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.




Acknowledgments

We are grateful to the reviewers for their helpful comments on this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1546723/full#supplementary-material

Supplementary Table 1 | 26 m6A regulators.

Supplementary Table 2 | The number of nodes of Protein–protein interaction network.

Supplementary Table 3 | Cox analysis of the 1500 DEGs.




References

1. Wang, H, Xiang, D, Liu, B, He, A, Randle, HJ, Zhang, KX, et al. Inadequate DNA damage repair promotes mammary transdifferentiation, leading to BRCA1 breast cancer. Cell. (2019) 178:135–151 e119. doi: 10.1016/j.cell.2019.06.002

2. Proia, TA, Keller, PJ, Gupta, PB, Klebba, I, Jones, AD, Sedic, M, et al. Genetic predisposition directs breast cancer phenotype by dictating progenitor cell fate. Cell Stem Cell. (2011) 8:149–63. doi: 10.1016/j.stem.2010.12.007

3. Liu, X, Li, P, Huang, Y, Li, H, Liu, X, Du, Y, et al. m6A demethylase ALKBH5 regulates FOXO1 mRNA stability and chemoresistance in triple-negative breast cancer. Redox Biol. (2024) 69:102993. doi: 10.1016/j.redox.2023.102993

4. Deng, LJ, Deng, WQ, Fan, SR, Chen, MF, Qi, M, Lyu, WY, et al. m6A modification: recent advances, anticancer targeted drug discovery and beyond. Mol Cancer. (2022) 21:52. doi: 10.1186/s12943-022-01510-2

5. Wang, Y, Wang, Y, Patel, H, Chen, J, Wang, J, Chen, ZS, et al. Epigenetic modification of m6A regulator proteins in cancer. Mol Cancer. (2023) 22:102. doi: 10.1186/s12943-023-01810-1

6. Bai, X, Liu, J, Zhou, S, Wu, L, Feng, X, and Zhang, P. METTL14 suppresses the expression of YAP1 and the stemness of triple-negative breast cancer. J Exp Clin Cancer Res. (2024) 43:307. doi: 10.1186/s13046-024-03225-2

7. Tan, B, Zhou, K, Liu, W, Prince, E, Qing, Y, Li, Y, et al. RNA N6 -methyladenosine reader YTHDC1 is essential for TGF-beta-mediated metastasis of triple negative breast cancer. Theranostics. (2022) 12:5727–43. doi: 10.7150/thno.71872

8. Feng, Z, Cui, G, Tan, J, Liu, P, Chen, Y, Jiang, Z, et al. Immune infiltration related CENPI associates with the Malignant features and drug resistance of lung adenocarcinoma. Biochim Biophys Acta Mol Basis Dis. (2024) 1870:167017. doi: 10.1016/j.bbadis.2024.167017

9. Wu, F, Li, G, Shen, H, Huang, J, Liu, Z, Zhu, Y, et al. Pan-cancer analysis reveals CENPI as a potential biomarker and therapeutic target in adrenocortical carcinoma. J Inflammation Res. (2023) 16:2907–28. doi: 10.2147/JIR.S408358

10. Cheeseman, IM, Hori, T, Fukagawa, T, and Desai, A. KNL1 and the CENP-H/I/K complex coordinately direct kinetochore assembly in vertebrates. Mol Biol Cell. (2008) 19:587–94. doi: 10.1091/mbc.e07-10-1051

11. Ding, N, Li, R, Shi, W, and He, C. CENPI is overexpressed in colorectal cancer and regulates cell migration and invasion. Gene. (2018) 674:80–6. doi: 10.1016/j.gene.2018.06.067

12. Yu, W, Ma, Y, Hou, W, Wang, F, Cheng, W, Qiu, F, et al. Identification of immune-related lncRNA prognostic signature and molecular subtypes for glioblastoma. Front Immunol. (2021) 12:706936. doi: 10.3389/fimmu.2021.706936

13. Liao, S, Sun, H, and Xu, C. YTH domain: A family of N6-methyladenosine (m6A) readers. Genomics Proteomics Bioinf. (2018) 16:99–107. doi: 10.1016/j.gpb.2018.04.002

14. Zhou, Y, Zeng, P, Li, YH, Zhang, Z, and Cui, Q. SRAMP: prediction of mammalian N6-methyladenosine (m6A) sites based on sequence-derived features. Nucleic Acids Res. (2016) 44:e91. doi: 10.1093/nar/gkw104

15. Zaccara, S, Ries, RJ, and Jaffrey, SR. Reading, writing and erasing mRNA methylation. Nat Rev Mol Cell Biol. (2019) 20:608–24. doi: 10.1038/s41580-019-0168-5

16. Huang, H, Weng, H, and Chen, J. m6A modification in coding and non-coding RNAs: roles and therapeutic implications in cancer. Cancer Cell. (2020) 37:270–88. doi: 10.1016/j.ccell.2020.02.004

17. Chang, G, Shi, L, Ye, Y, Shi, H, Zeng, L, Tiwary, S, et al. YTHDF3 induces the translation of m6A-enriched gene transcripts to promote breast cancer brain metastasis. Cancer Cell. (2020) 38:857–871 e857. doi: 10.1016/j.ccell.2020.10.004

18. Zhang, Z, Zhang, C, Yang, Z, Zhang, G, Wu, P, Luo, Y, et al. m6A regulators as predictive biomarkers for chemotherapy benefit and potential therapeutic targets for overcoming chemotherapy resistance in small-cell lung cancer. J Hematol Oncol. (2021) 14:190. doi: 10.1186/s13045-021-01173-4

19. Zeng, K, Peng, J, Xing, Y, Zhang, L, Zeng, P, Li, W, et al. A positive feedback circuit driven by m6A-modified circular RNA facilitates colorectal cancer liver metastasis. Mol Cancer. (2023) 22:202. doi: 10.1186/s12943-023-01848-1

20. Chen, L, Gao, Y, Xu, S, Yuan, J, Wang, M, Li, T, et al. N6-methyladenosine reader YTHDF family in biological processes: Structures, roles, and mechanisms. Front Immunol. (2023) 14:1162607. doi: 10.3389/fimmu.2023.1162607

21. Zhang, W, Wu, T, Zhang, Y, Kang, W, Du, C, You, Q, et al. Targeting m6A binding protein YTHDFs for cancer therapy. Bioorg Med Chem. (2023) 90:117373. doi: 10.1016/j.bmc.2023.117373

22. Murakami, S, and Jaffrey, SR. Hidden codes in mRNA: Control of gene expression by m6A. Mol Cell. (2022) 82:2236–51. doi: 10.1016/j.molcel.2022.05.029

23. Rui, Y, Zhang, H, Yu, K, Qiao, S, Gao, C, Wang, X, et al. N6-methyladenosine regulates cilia elongation in cancer cells by modulating HDAC6 expression. Adv Sci (Weinh). (2024) 12(2):e2408488. doi: 10.1002/advs.202408488

24. Zhou, R, Ni, W, Qin, C, Zhou, Y, Li, Y, Huo, J, et al. A functional loop between YTH domain family protein YTHDF3 mediated m6A modification and phosphofructokinase PFKL in glycolysis of hepatocellular carcinoma. J Exp Clin Cancer Res. (2022) 41:334. doi: 10.1186/s13046-022-02538-4

25. Okada, M, Cheeseman, IM, Hori, T, Okawa, K, McLeod, IX, Yates, JR 3rd, et al. The CENP-H-I complex is required for the efficient incorporation of newly synthesized CENP-A into centromeres. Nat Cell Biol. (2006) 8:446–57. doi: 10.1038/ncb1396

26. Matson, DR, Demirel, PB, Stukenberg, PT, and Burke, DJ. A conserved role for COMA/CENP-H/I/N kinetochore proteins in the spindle checkpoint. Genes Dev. (2012) 26:542–7. doi: 10.1101/gad.184184.111

27. Kim, S, and Yu, H. Multiple assembly mechanisms anchor the KMN spindle checkpoint platform at human mitotic kinetochores. J Cell Biol. (2015) 208:181–96. doi: 10.1083/jcb.201407074




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Zhang, Chen and Wu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-15-1546723-g003.jpg
TumorPurity

| ESTIMATEScore
ImmuneScore
StromalScore
Subtype

Mast_cells
Type_ll_IFN_Reponse
Macrophages

aDCs

MHC_class_|
Parainflammation
Type_l_IFN_Reponse
" NK_cells

B_cells

Neutrophils

DCs
APC_co_stimulation
APC_co_inhibition
Check—point
T_cell_co-inhibition
CCR

Treg

HLA

T_helper_cells

pDCs
T_cell_co-stimulation
TIL

CD8+_T_cells
Cytolytic_activity
Th1_cells
Inflammation—promoting
Tth

iDCs

Th2_cells

C  HALLMARK

YTHDF3 YTHDF3
Project @ high
low
il
OXIDATIVEPHOSPHORYLATION Project
o MTcea
DNA_REPAIR =1

HEDGEHOG_SIGNALING

UV_RESPONSE DN

TGF_BETA_SIGNALING

PROTEIN_SECRETION

MITOTIC_SPINDLE

F

1 Con

= siYTHDF3

Bl siYTHDF3 + siYTHDF1
[ siYTHDF3 + siYTHDF2

1 Con
[ siYTHDF3

15 20 ok
o :
2 =
g ns é *k
=10 2 15
< o
9 *x +
8 =
205 sy % 10
= =
[3)
2 <
0.0 0.0

MDA-MB-231 SUM159PT

TumorPurity
3 l 09
2
0.4
ESTIMATEScore

l 4000

-2000

_glmmuneScore

l 3000

-1000

StromalScore

I 1500

-1000

Subtype
low
high

Bl siYTHDF3 + siYTHDFA1
@ siYTHDF3 + siYTHDF2

ns

m6Acluster
Project

TGF_BETA_SIGNALING PATHWAY

SMALL_CELL_LUNG_CANCER

RIBOSOME

PARKINSONS_DISEASE

OXIDATIVE_PHOSPHORYLATION

HUNTINGTONS_DISEASE

ALZHEIMERS_DISEASE

GLUTATHIONE_METABOLISM

ARACHIDONIC_ACID

METABOLISM

METABOLISM_OF_XENOBIOTICS
BY_CYTOCHROME _P450

] B Faws
Age
M ENE  Stage
Project
YTHDF3
subtypes

"l -y
= .

B i

- - i el
e PR p r
e a
.l:.. - = -
" . - -
I..-’- e 1 I-I .
'_ - .:. . ]
TR AL

G 1 Con H

3 siYTHDF3
Bl siYTHDF3 + siYTHDF1
@ siYTHDF3 + siYTHDF2

siYTHDF3

-
(3]

5 6.0 ——
Ke) —
g ns 2
0
?10 . g 40 -
S +
8 >
= =
o =
205 - § 20
s £
O
I <

=
o
o
=)

MDA-MB-231

YTHDF3
2 high
low
1
Project

o MTceA

-1

-2

Project
iTcea

YTHDF3 subtypes.

high
low

siYTHDF3 + siYTHDF1
siYTHDF3 + siYTHDF2

SUM159PT





OEBPS/Images/fonc-15-1546723-g005.jpg
Position of input sequence: CENPI

Position:64745
ATTCC CAGAG CAGAG

1.0

0.9
1

GGCAT AAACT GCAAC
AATCA ATATT AAATG

Position:64781
TATTA AATGA ATGTT

Combined score
06 07 08

A e & — 5 = y e
L e T i R "

- SEEE e GACAT AAACT GAACA
Q ’ ‘ ‘ ‘ H ‘ ‘ ’ ‘ ‘ M ’ CACTG GACTA AACTC
<
o T T T T
0 20000 40000 60000 80000 m6a MeRIP-seq fragment
CENPI-3'UTR CENPI-3'UTR
B 5.0 1 1gG C 40 1 1gG F
* = mBAIP Bl IP-YTHDF3
S 40 = 30 =
= i §_ : 1 oe_Con+PBS
(0] —
'}3 3.0 < [ oe YTHDF3+PBS
-] - £ 20 B oe YTHDF3+siHUR#1
£ 2
a _EE) [ oe YTHDF3+siHUR#2
o S 10
& 1.0 c
€ w
0.0 0.0 3 ok ok
MDA-MB-231  SUM159PT MDA-MB-231  SUM159PT _
D E 5
1.5 -e- sh_Con o 1.5 -~ oe_Con <
£ c - z
_% sh_YTHDF3#1 % —— oe YTHDF33 DE:
51'0 == sh_YTHDF3#2 5 10 o
< < =
z z : £
Eo. €05 o
o o T}
& & @)
Oy, : O oo
0 2 4 6 0 2 4 6
Time after Act D treatment (h) Time after Act D treatment (h) MDME-23 SM188FT
G ] NC B shYTHDF3#1 H I
MDA-MB-231 MDA-MB-231
[ shYTHDF3#2
1.5 MB- 89 CENPI-3UTR o 15 Vector
° MDA-MB-231 N £ ~® L CENPI ORF + 3UTRWT
= % = G YTHDF3
© vers ** é_ 6 1 IgG g + CENPI ORF + 3'UTR WT
— £ 2 1 _, YTHDF3
i 1.0 2 I YTHDF3 = + CENPI ORF + 3‘UTR WT
O = £
a s 4 =
o £ i
> 0.5 '(C__-, s
o :
12
0.0 0

mOBA-Site 1 m6A-Site 2 WT MUT1&2 1 2 3 4 5 6
Time after Act D treatment
[ NC Il shYTHDF3#1
SUM159PT SUM159PT
[ shYTHDF3#2
1.5 8 Rt 1.5 Vector
SUMJ*E’QPT " GENPI-FUTR ~® L CENPI ORF + 3UTRWT
= — _m YTHDF3
= 6 1 1gG + CENPI ORF + 3UTR WT
YTHDF3
1.0 —h—
I YTHDF3 + CENPI ORF + 3'UTR WT

Relative gPCR-Ct value

mB6A-Site 1

mBA-Site 2

2

Enrichment (% input)
N

WT MUT1&2

Relative CENPI mRNA remaining

1 2 3 4 5 6
Time after Act D treatment





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The m6A reader YTHDF3 promotes TNBC progression by regulating CENPI stabilization

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Data collection

          



          		

            Survival analysis and Cox regression analysis

          



          		

            DEG analysis

          



          		

            Construction of a protein–protein interaction network

          



          		

            Gene set variation analysis

          



          		

            Cell lines and cell culture

          



          		

            Cell proliferation assay

          



          		

            Transwell migratory experiment

          



          		

            Wound healing assay

          



          		

            Western blotting

          



          		

            Chemical reagents, antibodies, and transfection

          



          		

            mRNA stability assay

          



          		

            Quantitative RT–PCR

          



          		

            RNA immunoprecipitation assay

          



          		

            Tumor xenograft model

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            YTHDF3 was identified as a core m6A regulator in TNBC

          



          		

            YTHDF3 promotes tumor progression in TNBC

          



          		

            Functional annotations of YTHDF3 in TNBC

          



          		

            CENPI was identified as a downstream target of YTHDF3

          



          		

            YTHDF3 regulated CENPI expression in an m6A-dependent manner

          



          		

            YTHDF3 promotes TNBC progression through CENPI expression

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1546723-g001.jpg
Type EJ Normal EJ TNBC

KRk KKK KKK KKK KA KRE KKK KAK K kKK KKK KKK KRk KRk KKK KAK KKK KK KK KKK RAK

Gene expression

m—;o-o °
L s i S

AR I Y. ~ o H 0P
ELEEFEEG 5 88ES8ESEFE885¢¢¢
SSS¢ ¢ NEL i\ﬁi\i\i\g:&eggg‘* L
~zs
B Postive correlation with P<0.0001 ® erasers
e==m  Negative correlation with P<0.0001 ® readers
. Yoo HDF1 e 1
? ° 5 »., writers
LT. .\\\ v \\_»\\ / %
S Y =SV

® Risk factors
® Favorable factors

Cox test, pvalue

Q@0 @0t @005 @

YTHDF3 —+ High =+ Low RBM15B — High = Low

3

3
=
8

£ z
] 075 5o
2 g
8 8
5050 8 050
g s
g E
20251 $h=0.038 3025
3 g

(2}

°
3
3

°

3

3

01234567 8 910111213141518171518202122232425 012345678 910111213141516171819202122232425
Time(years) Time(years)

IGF2BP1 =+ High = Low HNRNPC — High =+ Low

)
3
2
S

z 2z
So75 L075

ke 8

5050 5050

g g

s s

20251 520018 20251 5h-0.003
12} . 12}

°
3
3
o
S
3

012345678 910111213141516171819202122232425 012345678 0910111213141516171819202122232425
Time(years) Time(years)

O

YTHDF3

Differential analysis

Survival analysis

Cox regression

: Hazard Ratio
analysis





OEBPS/Images/fonc-15-1546723-g004.jpg
B C CENPI

Key genes MeRIP:GSE29714

PLKI1. IFNG
CENPI. CXCL9. CXCR3

ppiCount

YTHDF3:GSE201540

condition EE Normal EJ Tumor CENPI —+ high —+ low
0
1.00
<
c
C_) 2 0.751
7} s 2
%] =] =
O ™ a ¥l
= 3 ]
o = Qo
s 3]
ag S 8050
= T g
o o z 2
E o1 a
I3 025 — e
- p=0.014
0.001
o - S - - - - - "
0 012345678 910111213141516171819202122232425

Normal Tumor

Time(years)





OEBPS/Images/fonc-15-1546723-g002.jpg
A

[ oeCon EH oe_YTHDF3

[ shCon HE sh_YTHDF3#1

shCon  + - - + - - T 15 Bl sh_YTHDF3#2
sh_YTHDF3#1  — + = = + = 3
sh_YTHDF3#2 - - + - - + § e
% 10
YTHDF3 | s — °
m 2
2 e 0.5
GAPDH | M S S | e | &
5
0.0-
MDA-MB-231 SUM159PT MDA-MB-231 SUM159PT
D ~&- MDA-MB-231 oe_Con -e- MDA-MB-231 oe_Con
=~ MDA-MB-231 oe_YTHDF3 -# MDA-MB-231 sh_YTHDF3
20 ~* SUM159PT oe_Con 1.5 ~&- SUM159PT oe_Con
SUM159PT oe_YTHDF3 - SUM159PT sh_YTHDF3 ’E
—~ 15 = Py
€ - >
= E 10 4
o o
%9) [19)
< 1.0 <
ol o 3 05
0.5 s
0.0 0.0

oeCon + — + - g 40 e
YTHDF3 — — _ =
= * . é 3.04
YTHDF3 | o s || oo s | £
m 2 2.0
= s
GAPDH | e W || L 107
=
MDA-MB-231 SUM159PT R
oe_Con [ sh_Con
I oe YTHDF3 Bl sh_YTHDF3
4.0
0 *k
q_) *k
5
§ 3.0
[}
Q
£ 2.0
=
c * *
S
2 ﬁ i Eﬂ i
[0)
4
0.0 T T

MDA-MB-231

m

SUM159PT

Time( Daysj 0 1

HDF3

s

4 Time( Days). 0 1

J

o
N
m
=
=1
[a)
=
= |
o
(o2}
=2/
=
D i
0|
oe_Con [ sh_Con
I oe_YTHDF3  mH sh_YTHDF3
4.0+ *x
S *k
®
B 3.0
1S
G
® 2.0
o * *
©
D g T T
% 1.0 s, i A
4
0.0 A sk e
MDA-MB-231 SUM159PT
Ilﬁ]llII|IIIl|IITFIII|IIII|IllI]llllllII]|IIIITII|IllI|llII|I"[1lII|I|II|IIT(IIII|IIII|IIIT|"
001 2 3 4 5 6 7 8 9 I
shNC
shYTHDF3#1
shYTHDF3#2

SUM159PT

I s

- shNC

%= shYTHDF3#1
& 1.0
g =#= shYTHDF3#2
o ;
E *|
= %
5 4
5 0.5
=
>
'_

0 it 14

21
Days after inoculation

28

Tumor weight (g)






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-15-1546723-g006.jpg
A B -e- Con —e- Con
[1 Con Il oe_CENPI

shYTHDF3 shYTHDF3
[ shYTHDF3 Bl shYTHDF3 -+ oe CENPI —4— oe_CENPI
+oe_CENPI -
- -¥ shYTHDF3+oe CENPI -¥ shYTHDF3+oe_CENPI
” 2.0 dok 2.5
.2 L=
5
o 1.59 . 2.0
b £
15
€ 1.0 2
> ~
o (@)
= |
§ 05 i 05
[0)
: )
0.0 | |§‘r'_|I .
MDA-MB-231 SUM159PT ime{Days}
C sh_YTHDF3 D
CON  sh_YTHDF3 oe CENPI .o cgnp| O Mo CENPl CON
kb ‘ [=1 shYTHDF3 B shYTHDF3
‘ & & 3 +oe_CENPI § ;
7 o 207 = o
5 g z
5 15 < [
£ a
5 =
g 1.04 =
5
é é 0.54 g #
© ool 2
: q1 MDA-MB-231 @
MDA-MB-231
sh YTHDF3 [1 Con Il oe CENPI
CON sh_YTHDF3 oe CENPI  , o cenp] G0 B oe_CENPI [ shYTHDF3 ~ BH shYTHDF3
___“"— "~ [S1shYTHDF3 B shYTHDF3 +oe_CENPI
¥ +oe_CENPI 2.0 ¥ -
: o 20 4 @
2 E
% 15 S
= £
g 1.0 2
s ®
S 2 0s 2
~ %
['4
: 0.0 MDA-MB-231 SUM159PT
SUM159PT
SUM159PT
IIﬁ]llII|IIII|III'[IIII|IIII|lll|]llllllIl]IIll{.’TI|IIII|lIII|l"llIII||III|III]HIII|IIII|IIIT
001 2 3 4 5 6 7 8 9 K«
- 1.25 )
® e ¢ e o )
Iy 4 3 <~ 1.00 -2 Tl
| 4 + R ~ 2.
29 ShEENFI 5 . “= YTHDF3 = w0
g o7s ~ YTHDF3+shCENPI % 15
° 2
~ ‘ YTHDF3 : 050 5 10
i £ =
. F 025 F o5
f 0.00 0.0
) 0 7 14 21 28 Q&
% . Al & Contrl Days after inoculation O,Q?‘o Q(Oe
al RPN
&





OEBPS/Images/fonc.2025.1546723_cover.jpg
& frontiers | Frontiers in Oncology

The m®A reader YTHDF3 promotes TNBC
progression by regulating CENPI
stabilization





