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Effects of m6A methylation of MAT2A mRNA regulated by METTL16 on learning and memory, hippocampal synaptic plasticity and Aβ1–42 in 5 × FAD mice
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Background: Alzheimer’s disease (AD) is a common neurodegenerative disorder affecting older adults, characterized by progressive cognitive decline and pathological features such as amyloid plaque deposition, neuronal loss, and synaptic reduction. RNA N6-methyladenosine (m6A) methylation is prevalent in the brain and is intricately linked to synaptic plasticity, learning, and memory in AD. However, the precise mechanisms underlying these associations remain elusive.

Methods: This study employed the overexpression of methyltransferase-like protein 16 (METTL16), or overexpression of methionine adenosyltransferase 2A (MAT2A), or a combination of METTL16 overexpression with MAT2A knockdown to explore the influence of METTL16 on the regulation of MAT2A in cognitive function, hippocampal synaptic plasticity, and amyloid-beta (Aβ1–42) metabolism in 5 × FAD mice.

Results: Our findings indicated a reduction in m6A methylation levels and the expression of METTL16 and MAT2A in the hippocampus of 5 × FAD mice. Overexpression of METTL16 led to an increase in overall m6A methylation levels, furthermore, overexpression of either METTL16 or MAT2A enhanced learning and memory in 5 × FAD mice, elevated the expression levels of postsynaptic density 95 (PSD95) and synaptophysin (Syp), increased dendritic spine density, and decreased the accumulation of Aβ1–42 in the hippocampus. In the hippocampus of 5 × FAD mice, METTL16 was found to upregulate both the protein and mRNA levels of MAT2A, as well as enhance MAT2A mRNA m6A methylation levels. Concurrent, overexpression of METTL16 and knockdown of MAT2A in the hippocampus resulted in impaired learning and memory in 5 × FAD mice, alongside a reduction in synaptic protein expression and dendritic spine density, and an increase in Aβ1–42 accumulation.

Conclusion: The present study demonstrated that METTL16 enhances learning and memory in 5 × FAD mice by regulating MAT2A mRNA m6A methylation, which leads to increased expression levels of PSD95 and Syp, greater dendritic spine density, and reduced Aβ1–42 accumulation in the hippocampus. These findings reveal a novel approach for investigating the pathophysiological role of METTL16 in AD and offer new insights for developing of potential therapeutic targets for AD.
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1 Introduction

Alzheimer’s disease (AD) is one of the most prevalent neurodegenerative disorders worldwide, and is characterized by a gradual onset in older adults and manifested clinically as progressive cognitive decline. The pathological hallmarks of AD primarily include amyloid β-protein (Aβ) deposition, neuronal loss, neurofibrillary tangles, and a reduced number of synapses (Lane et al., 2018; Grobler et al., 2023; Khezri and Ghasemnejad-Berenji, 2023). Synaptic dysfunction in AD, characterized by decreased dendritic spine density and reduced expression of synaptic proteins such as postsynaptic density 95 (PSD95) and synaptophysin (Syp), manifests years before the appearance of overt clinical symptoms and is strongly correlated with the severity of memory impairments (Bertoni-Freddari et al., 1990; de Pins et al., 2019; Han et al., 2024; Jack and Holtzman, 2013; Long et al., 2021; Masliah et al., 2001). These findings highlight synaptic plasticity as a crucial therapeutic target for AD intervention.

N6-methyladenosine (m6A) represents the most prevalent form of RNA methylation modification within the eukaryotic transcriptome, is abundantly present across various tissues (Liufu et al., 2024) and plays a significant role in RNA nuclear export, stability, splicing, translation, and subcellular localization (Zhang et al., 2019). It is intimately linked with numerous neurological disorders (Zhang N. et al., 2022; Han et al., 2020). Recent evidence underscores the importance of epigenetic modifications, particularly m6A, in the regulation of synaptic plasticity and cognitive functions. For example, m6A methylation mediated by methyltransferase-like protein 3 (METTL3) and METTL14 is critical for synaptic plasticity, while the m6A demethylase fat mass and obesity-associated protein (FTO) modulates memory consolidation by modulating m6A levels (Zhang et al., 2018; Koranda et al., 2018; Walters et al., 2017; Li et al., 2018). The dysregulation of the m6A machinery, exemplified by deficiencies in YTH N6-methyladenosine RNA-binding protein F1 (YTHDF1) or the upregulation of circRNA regulating synaptic be exocytosis 2 (circRIMS2), exacerbates hippocampal synaptic defects and cognitive impairments in AD models (Shi et al., 2018; Wang X. et al., 2023). Recent studies intriguingly suggest that m6A plays a role in AD pathogenesis through mechanisms involving tau hyperphosphorylation and Aβ metabolism, thereby establishing it as a critical epigenetic regulator in neurodegeneration (Li et al., 2018; Yin et al., 2023).

METTL16 operates in both the nucleus and cytoplasm, participating in RNA biogenesis, decay, and translation processes (Su et al., 2022; Ruszkowska, 2021; Nance et al., 2020; Satterwhite and Mansfield, 2022). Our previous research demonstrated that METTL16 stabilizes methionine adenosyltransferase 2A (MAT2A) mRNA via m6A methylation, thereby enhancing MAT2A protein expression and supporting synaptic plasticity in murine models (Zhang R. et al., 2022). MAT2A, a pivotal enzyme in the methionine cycle, regulates the synthesis of S-adenosylmethionine (SAM), a universal methyl donor essential for methylation reactions, including m6A modification. This interaction suggests a potential feedback loop among METTL16, MAT2A, and m6A dynamics in maintaining neuronal homeostasis.

Despite significant advancements in the field, the role of METTL16 in the pathogenesis of AD remains insufficiently explored. Considering the well-documented associations between m6A dysregulation and AD-related synaptic dysfunction, we propose that a deficiency in METTL16 may disrupt MAT2A-dependent SAM production, thereby impairing m6A homeostasis and exacerbating Aβ pathology, synaptic loss, and cognitive deficits characteristic of AD. This study aims to elucidate the mechanisms by which METTL16 modulates MAT2A activity to influence AD pathology, learning, and memory, thereby offering a novel perspective on the pathophysiological role of METTL16 in AD and identifying potential therapeutic targets.



2 Methods


2.1 Animals

Male C57BL/6J mice (Fukang Biological Technology Co., Ltd. China) and 5 × FAD mice (JAX Labs, United States), aged 5 and 6 months were kept at a 12-h light/dark cycle at a constant temperature of 21–22°C, with unrestricted access to food and water. All animal care and experimental procedures were conducted in accordance with the Guidelines for the Management and Use of Experimental Animals and received approval from the Animal Experiment Ethics Committee of Hebei Medical University (IACUC#2021070).



2.2 RNA m6A quantification

Following isoflurane anesthesia, the hippocampus was dissected, and total RNA was extracted using an RNA extraction kit (cat#: ZP404, ZOMANBIO, China). Subsequent to RNA quantification, the EpiQuik m6A RNA methylation quantitative assay kit (cat#: P-9005, Epigentek, United States) was used to assess the m6A levels in accordance with the manufacturer’s protocol. Negative and positive controls at varying concentrations, along with 200 ng of sample RNA, were each added to the binding solution and incubated at 37°C for 90 min. Post-incubation, the samples were washed, and a capture antibody, detection antibody, and enhancer solution were added, mixed, and incubated for 1 h. Following another wash step, a developer was added and mixed. After incubation in the dark for 10 min, a stop solution was introduced to terminate the enzymatic reaction. Approximately 40 s later, the liquid in the positive control well turned yellow, and the absorbance was measured at 450 nm using a microplate reader (Molecular Devices, Sunnyvale CA, United States).



2.3 Western blotting

Following isoflurane anesthesia, the hippocampus was dissected, and RIPA lysate was added to the sample, which was then disrupted by sonication. The protein was subsequently extracted and quantified. Following denaturation, the proteins underwent sodium dodecyl sulfate-polyacrylamide gel electrophoresis and were subsequently transferred onto polyvinylidene fluoride membranes. The membranes were blocked for 1 h before being incubated overnight at 4°C with primary antibodies: anti-METTL16 (cat#: ab252420, Abcam, United States), anti-MAT2A (cat#: NBP1-92100, Novus, United States), anti-PSD95 (cat#: ab18258, Abcam, United States), anti-Syp (cat#: CY5273, Abways, China), GAPDH (cat#: AB0036, Abways, China). Subsequently, the membranes were incubated with rat anti-mouse (cat#: 18-4417-32, Rockland, United States) and goat anti-rabbit fluorescent secondary antibodies (cat#: 611-145-002, Rockland, United States) for 2 h, protected from light. Finally, the membranes were then visualized using the Odyssey Infrared Laser Scanning Imaging System (LICOR, United States) and analyzed with ImageJ software. For quantitative analysis, each protein band was equal-area delineated using the rectangular selection tool to measure the integrated density of the target proteins and GAPDH. The integrated density of GAPDH served as a reference to determine the relative expression levels of the target proteins.



2.4 Stereotaxic injection of virus

AAV vectors carrying the mCherry reporter gene were engineered to overexpress either METTL16 or MAT2A, with an empty vector AAV serving as the control. A volume of 0.5 μL of AAV suspension was administered into the hippocampus of 5-month-old mice via stereotaxic brain injection under isoflurane anesthesia. Additionally, an AAV vector carrying the EGFP reporter gene was constructed to facilitate MAT2A knockdown, with an empty vector AAV as the control. Equal volumes of AAV-oe-METTL16 were combined with either AAV-sh-MAT2A or the vector control. Subsequently, a 1 μL aliquot of the mixed AAV suspension was injected into the hippocampus of 5-month-old mice using stereotaxic brain injection under isoflurane anesthesia. The injection coordinates were set at ML = ±2.46 mm, AP = −2.18 mm, DV = 1.67 mm. Following the establishment of stable AAV expression, neurobehavioral experiments were conducted. The expression of EGFP and mCherry was subsequently examined using fluorescence microscopy to verify the precision of the microinjection site.



2.5 Novel object recognition test

Two identical objects were positioned at the left and right extremities of one side wall of an open field box. Mice were then introduced into the box with the two objects oriented towards the rear, allowing them to explore freely for 5 min. After an interval of either 2 or 24 h, one of the objects was substituted with a novel object, and the time spent freely exploring time for both objects was recorded within 5 min. The discrimination index, defined as the ratio of time spent exploring the novel object to the total exploration time, was subsequently calculated.



2.6 Y-maze test

In the Y-maze (YM), the three arms were randomly designated as the novel arm, starting arm, and other arm. The novel arm was initially obstructed with a partition, and the mice were placed in the starting arm, permitted to explore freely for 5 min. After 4 h, the partition was removed, and the mice were reintroduced into the starting arm for another 5-min exploration period. A SMART video-tracking system was used to record the time and distance required for exploration of the novel arm.



2.7 Morris water maze test

The Morris water maze (MWM) was divided into four quadrants, with a platform of 10 cm in diameter placed in one of the quadrants, designated as the target quadrant. Water was introduced into the pool to submerge the platform by 1 cm, and titanium dioxide powder was added to make the water opaque. Mice were placed into the water from four quadrants for five consecutive days, allowing them to explore freely for 1 min. The escape latency was defined as the time taken by the mice to locate the platform within 1 min. On the sixth day, the platform was removed, and the mice were introduced into the water at the quadrant opposite to where the platform was previously located. The time spent by the mice in the target quadrant and the number of times they crossed the former platform location within 1 min were recorded.



2.8 qRT-PCR

Total RNA was extracted from the mouse hippocampus using an RNA extraction kit (cat#: ZP404, ZOMANBIO, China) following the manufacturer’s instructions. The concentration and purity of the RNA were determined by optical density measurement, after which reverse transcription was performed using a cDNA synthesis kit (cat#: R323, Vazyme, China). cDNA amplification was conducted using the ChamQ Universal SYBR qPCR Master Mix system (cat#: Q711, Vazyme, China). The expression of target genes was analyzed using the −ΔΔCT method. The mRNA expressions of METTL16, MAT2A, PSD95, and Syp were analyzed with β-actin serving as the control. The primers used are listed in Table 1.



TABLE 1 The primers used in qRT-PCR.
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2.9 Golgi staining

Following isoflurane anesthesia, the mice underwent transcardial perfusion with 4% paraformaldehyde. The brains were subsequently dissected and post-fixed in the same fixative for 24 h. They were then immersed in a mixed fixative solution and stored in the dark for 14 days. Following this, the brains were dehydrated in a 30% sucrose solution at 4°C for 2 days. Brain slices with a thickness of 100 μm were prepared using a concussion microtome and incubated with a staining solution for 30 min. Subsequently, a chromogenic solution was added, and the samples were incubated in the dark for an additional 30 min. After undergoing gradient alcohol dehydration and xylene transparency, grade 2 or 3 apical dendrites of neurons in the CA1 region of the hippocampus were observed and photographed using a microscope at 100× magnification. Fiji software was used to analyze images of 30-μm long dendrite segments to calculate dendritic spine density.



2.10 ELISA

The mouse Aβ1–42 ELISA kit (cat#: CSB-E10787m, CUSABIO, China) was equilibrated for 30 min, after which the standard product or test sample was added to the bottom of the enzyme plate well and incubated at 37°C for 2 h. Subsequently, a biotin-labeled antibody solution and a horseradish peroxidase-labeled avidin solution were introduced to each well for incubation at 37°C for 1 h, followed by the addition of the substrate solution, which was conducted in the absence of light at 37°C for 30 min. Within 5 min, the optical density of each well was measured at 450 nm using a microplate reader (Molecular Devices, United States).



2.11 Anti-m6A-RIP

Total RNA was extracted utilizing an RNA extraction kit (cat#: ZP404, ZOMANBIO, China). Subsequently, RNA samples, RNA fragment buffer, and nuclease-free water were added sequentially, and the reaction was terminated after incubation at 94°C for 3 min. The RNeasy Micro kit (cat#: 74004, QIAGEN, Germany) was used to purify the RNA. The RNA was then added to the RIP lysis buffer, followed by the addition of RNase inhibitor, m6A antibody (cat#: 238003, Synaptic Systems, Germany), and Dynabeads Protein A/G (cat#: 10015D, Invitrogen, United States), and the mixture was incubated at 4°C for 2 h. After washing, the Dynabeads were added to the RIP lysis buffer dissolved with N6-methyladenosine and incubated at 55°C for 30 min. MAT2A mRNA levels were quantified using qRT-PCR.



2.12 Statistical analysis

All data were analyzed using SPSS 25 statistical software (IBM Corp., Armonk, NY, United States), and results were expressed as the mean ± SD. The Kolmogorov–Smirnov normality test and Levene’s test for homogeneity of variance were conducted on all experimental results. A t-test or one-way analysis of variance was performed on the experimental data, which exhibited a normal distribution (p > 0.1) and homogeneity of variance (p > 0.1). A significance level of p < 0.05 was employed to determine statistical significance.




3 Results


3.1 Effect of METTL16 on m6A methylation modification in hippocampus of 5 × FAD mice

The expression levels of m6A methylation and METTL16 protein in the hippocampus of 5 × FAD mice were assessed using western blotting and RNA m6A quantification techniques. The findings demonstrated that both the overall m6A methylation level and METTL16 expression in the hippocampus of 5 × FAD mice were reduced compared to WT mice (Figures 1A–C). Subsequently, METTL16 was overexpressed, and the overall m6A methylation level in the hippocampus of 5 × FAD mice was evaluated. Figure 1D illustrates the procedure for viral injection and subsequent neurobehavioral experiments. Fluorescence imaging confirmed the accurate localization of AAV-oe-METTL16 in the hippocampus, as shown by its spread (Figure 1E). Results from western blotting and qRT-PCR analyses indicated an increase in METTL16 protein and mRNA expression (Figures 1F–H). Quantification of RNA m6A revealed that METTL16 overexpression led to an elevated overall methylation level of m6A in the hippocampus of 5 × FAD mice (Figure 1I).
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FIGURE 1
 Effects of METTL16 on hippocampal m6A methylation modification and learning and memory in 5 × FAD mice. (A) m6A methylation in the hippocampus of 5 × FAD mice (n = 3). (B,C) Expression of METTL16 in the hippocampus of 5 × FAD mice (n = 3). (D) Flow chart illustrating the injection of the overexpressed METTL16 virus and subsequent neurobehavioral experiments. (E) Schematic representation of stereoscopic fluorescence diffusion in the hippocampal brains of 5 × FAD mice (scale bar = 500 μm). (F,G) Expression level of METTL16 protein after overexpression of METTL16 in 5 × FAD mice (n = 5). (H) Expression level of METTL16 mRNA after overexpression of METTL16 in 5 × FAD mice (n = 3). (I) Expression of m6A methylation after overexpression of METTL16 in 5 × FAD mice (n = 3). (J,K) NOR was performed to assess recognition memory after overexpression of METTL16 in 5 × FAD mice (n = 10). (L–N) YM was performed to assess spatial memory after overexpression of METTL16 in 5 × FAD mice (n = 10). (O–R) The MWM test was performed to assess spatial memory after overexpression of METTL16 in 5 × FAD mice (n = 10). Data are shown as the mean ± SD. *p < 0.05, **p < 0.01, and ***p < 0.001.




3.2 Effects of METTL16 on learning and memory, hippocampal synaptic plasticity and Aβ1–42 expression in 5 × FAD mice

To investigate the potential association between the AD phenotype and methylation modification, changes in learning and memory, hippocampal synaptic plasticity, and Aβ1–42 expression levels were assessed in 5 × FAD mice following METTL16 overexpression. The results from the novel object recognition (NOR) test indicated that METTL16 overexpression enhanced the discrimination index at both 2 and 24 h in 5 × FAD mice (Figures 1J,K), suggesting an increased preference for novel object. Furthermore, the YM test results revealed that METTL16 overexpression significantly increased the exploration distance percentage and exploration time percentage in the novel arm of 5 × FAD mice (Figures 1L–N). Additionally, the MWM test results showed that METTL16 overexpression reduced the escape latency of 5 × FAD mice, while increasing both the number of platform crossings and the percentage of exploration time in the target quadrant (Figures 1O–R). The findings from western blotting and qRT-PCR analyses indicated a significant upregulation in the protein and mRNA expression levels of PSD95 and Syp in the hippocampus of 5 × FAD mice following METTL16 overexpression (Figures 2A–E). Golgi staining analysis demonstrated a significant increase in the density of dendritic spines of the CA1 region of the hippocampus in 5 × FAD mice following METTL16 overexpression (Figures 2F,G). ELISA results indicated that METTL16 overexpression led to a reduction in the expression level of Aβ1–42 in the hippocampus of 5 × FAD mice (Figure 2H). In summary, METTL16 overexpression enhanced m6A methylation levels, prevented learning and memory deficits, improved hippocampal synaptic plasticity, and reduced Aβ1–42 expression in the hippocampus of 5 × FAD mice.
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FIGURE 2
 Effects of METTL16 on hippocampal synaptic plasticity and Aβ1–42 in 5 × FAD mice. (A–C) Expression level of PSD95 and Syp proteins after overexpression of METTL16 in 5 × FAD mice (n = 5). (D,E) Expression level of PSD95 and Syp mRNA after overexpression of METTL16 in 5 × FAD mice (n = 3). (F) Golgi staining of hippocampal CA1 region neurons after METTL16 overexpression in 5 × FAD mice (scale bars = 5 μm). (G) Quantification of dendritic spine density in hippocampal CA1 region neurons of mice calculated as the number of spines per 10 μm of dendrite (n = 5). (H) Expression level of Aβ1–42 after overexpression of METTL16 in 5 × FAD mice (n = 3). Data are shown as the mean ± SD. *p < 0.05, **p < 0.01, and ***p < 0.001.




3.3 Effects of MAT2A on learning and memory, hippocampal synaptic plasticity, and Aβ1–42 expression in 5 × FAD mice

The MAT2A protein modulates the overall level of m6A methylation by regulating the methyl donor S-adenosylmethionine (SAM). Consequently, we assessed MAT2A expression in the hippocampus of 5 × FAD mice. The results revealed a decrease in MAT2A protein levels in the hippocampus of 5 × FAD mice compared to WT mice (Figures 3A,B).
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FIGURE 3
 Effects of MAT2A on learning and memory in 5 × FAD mice. (A,B) Expression of MAT2A protein in the hippocampus of 5 × FAD mice (n = 5). (C) Flow chart of injection of overexpressed MAT2A virus and subsequent neurobehavioral experiments. (D) Schematic representation of stereoscopic fluorescence diffusion in 5 × FAD mice hippocampal brain (scale bar = 500 μm). (E,F) Expression level of MAT2A protein after overexpression of MAT2A in 5 × FAD mice (n = 5). (G) Expression level of MAT2A mRNA after overexpression of MAT2A in 5 × FAD mice (n = 3). (H,I) NOR was performed to assess recognition memory after overexpression of MAT2A in 5 × FAD mice (n = 10). (J–L) YM was performed to assess spatial memory after overexpression of MAT2A in 5 × FAD mice (n = 10). (M–P) MWM was performed to assess spatial memory after overexpression of MAT2A in 5 × FAD mice (n = 10). Data are shown as the mean ± SD. *p < 0.05, **p < 0.01, and ***p < 0.001.


Subsequently, following MAT2A overexpression, we examined alterations in learning and memory, hippocampal synaptic plasticity, and Aβ1–42 expression levels in 5 × FAD mice. The methodology for viral injection and subsequent neurobehavioral experiments is illustrated in Figure 3C. Fluorescence imaging demonstrated that the AAV-oe-MAT2A vector successfully disseminated to the hippocampus, confirming the precision of the injection site (Figure 3D). Western blotting and qRT-PCR analyses revealed elevated levels of MAT2A protein and mRNA expression (Figures 3E–G). The NOR test results indicated that MAT2A overexpression led to an increased discrimination index at both 2 h and 24 h in 5 × FAD mice (Figures 3H,I), indicating an enhanced preference for novel object. In the YM test, MAT2A overexpression resulted in a significant increase in the percentage of exploration distance and exploration time in the novel arm for 5 × FAD mice (Figures 3J–L). MWM test demonstrated that MAT2A overexpression reduced the escape latency in 5 × FAD mice, while increasing both the frequency of platform crossings and the percentage of exploration time in the target quadrant (Figures 3M–P). Furthermore, western blotting and qRT-PCR analyses showed a significant upregulation of PSD95 and Syp protein and mRNA expression levels in the hippocampus of 5 × FAD mice following MAT2A overexpression (Figures 4A–E). Golgi staining revealed a significant increase in the density of neuronal dendritic spines within the CA1 region of the hippocampus in 5 × FAD mice following MAT2A overexpression (Figures 4F,G). Additionally, ELISA results indicated that MAT2A overexpression led to a reduction in the expression level of Aβ1–42 in the hippocampus of 5 × FAD mice (Figure 4H). In summary, MAT2A overexpression resulted in enhanced m6A methylation levels, prevented learning and memory deficits, improved hippocampal synaptic plasticity, and reduced Aβ1–42 expression in the hippocampus of 5 × FAD mice.
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FIGURE 4
 Effects of MAT2A on hippocampal synaptic plasticity and Aβ1–42 in 5 × FAD mice. (A–C) Expression level of PSD95 and Syp proteins after overexpression of MAT2A in 5 × FAD mice (n = 5). (D,E) Expression level of PSD95 and Syp mRNA after overexpression of MAT2A in 5 × FAD mice (n = 3). (F) Golgi staining of hippocampal CA1 region neurons after MAT2A overexpression in 5 × FAD mice (scale bars = 5 μm). (G) Quantification of dendritic spine density in hippocampal CA1 region neurons of mice calculated as the number of spines per 10 μm of dendrite (n = 3). (H) Expression level of Aβ1–42 after overexpression of MAT2A in 5 × FAD mice (n = 3). Data are shown as the mean ± SD. *p < 0.05 and **p < 0.01.




3.4 Effects of METTL16 regulating MAT2A on learning and memory, hippocampal synaptic plasticity and Aβ1–42 expression in 5 × FAD mice

Previous studies have identified MAT2A as a substrate of METTL16. To explore the impact of METTL16 on the expression levels of MAT2A protein and mRNA as well as mRNA m6A methylation levels, we conducted western blotting, qRT-PCR, and anti-m6A RIP assays. The findings demonstrated that METTL16 overexpression not only elevated the expression levels of MAT2A protein and mRNA in the hippocampus of 5 × FAD mice (Figures 5A–C) but also increased the m6A methylation level of MAT2A mRNA (Figure 5D).
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FIGURE 5
 Effects of METTL16 regulation of MAT2A on learning and memory in 5 × FAD mice. (A,B) Expression of MAT2A protein in the hippocampus of 5 × FAD mice after METTL16 overexpression (n = 5). (C) Expression of MAT2A mRNA in the hippocampus of 5 × FAD mice after METTL16 overexpression (n = 3). (D) m6A methylation level of MAT2A mRNA in the hippocampus of 5 × FAD mice after METTL16 overexpression (n = 3). (E) Flow chart illustrating injection of overexpressed METTL16, knockdown MAT2A virus, and subsequent neurobehavioral experiments. (F) Schematic representation of stereoscopic fluorescence diffusion in 5 × FAD mice hippocampal brain (scale bar = 500 μm). (G,H) Expression level of MAT2A protein after overexpression of METTL16 and knockdown of MAT2A in 5 × FAD mice (n = 4). (I) Expression level of MAT2A mRNA after overexpression of METTL16 and knockdown of MAT2A in 5 × FAD mice (n = 3). (J,K) NOR was performed to assess recognition memory after overexpression of METTL16 and knockdown of MAT2A in 5 × FAD mice (n = 10). (L–N) YM was performed to assess spatial memory after overexpression of METTL16 and knockdown of MAT2A in 5 × FAD mice (n = 10). (O–R) MWM was performed to assess spatial memory after overexpression of METTL16 and knockdown of MAT2A in 5 × FAD mice (n = 10). Data are shown as the mean ± SD. *p < 0.05, **p < 0.01, and ***p < 0.001.


Subsequently, we investigated the alterations in learning and memory, hippocampal synaptic plasticity, and Aβ1–42 expression in 5 × FAD mice following the concurrent overexpression of METTL16 and knockdown of MAT2A. The methodologies for viral injection and subsequent neurobehavioral assessments are depicted in Figure 5E. Fluorescence imaging confirmed that AAV-oe-METTL16 and AAV-sh-MAT2A effectively disseminated to the hippocampus, verifying the precision of the injection site (Figure 5F). Western blotting and qRT-PCR analyses revealed an increase in MAT2A protein and mRNA expression (Figures 5G–I). The results of the NOR test indicated that the overexpression of METTL16 coupled with the knockdown of MAT2A resulted in a decreased discrimination index at both 2 h and 24 h in 5 × FAD mice (Figures 5J,K), suggesting a diminished preference for novel object. Furthermore, the results from the YM test demonstrated a significant reduction in both exploration distance percentage and exploration time percentage in the novel arm of 5 × FAD mice following METTL16 overexpression and MAT2A knockdown (Figures 5L–N). MWM test results indicated that the overexpression of METTL16 combined with the knockdown of MAT2A in 5 × FAD mice led to an increase in escape latency, alongside a reduction in both the number of platform crossings and the percentage of exploration time within the target quadrant (Figures 5O–R). Western blotting and qRT-PCR analysis demonstrated a significant decrease in the protein and mRNA expression levels of PSD95 and Syp in the hippocampus of 5 × FAD mice subjected to METTL16 overexpression and MAT2A knockdown (Figures 6A–E). Golgi staining further revealed a marked reduction in the density of dendritic spines in the CA1 region of the hippocampus in these mice (Figures 6F,G). ELISA results showed that the expression level of Aβ1–42 in the hippocampus was elevated following the same genetic modifications (Figure 6H). Collectively, these findings suggest that the overexpression of METTL16, when coupled with MAT2A knockdown, prevented the beneficial effects of METTL16 overexpression alone on learning and memory, hippocampal synaptic plasticity and Aβ1–42 expression in 5 × FAD mice.
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FIGURE 6
 Effects of METTL16 regulating MAT2A on hippocampal synaptic plasticity and Aβ1–42 in 5 × FAD mice. (A–C) Expression level of PSD95 and Syp proteins after overexpression of METTL16 and knockdown of MAT2A in 5 × FAD mice (n = 4). (D,E) Expression level of PSD95 and Syp mRNA after overexpression of METTL16 and knockdown of MAT2A in 5 × FAD mice (n = 3). (F) Golgi staining of hippocampal CA1 region neurons after overexpression of METTL16 and knockdown of MAT2A in 5 × FAD mice (scale bars = 5 μm). (G) Quantification of dendritic spine density in hippocampal CA1 region neurons of mice calculated as the number of spines per 10 μm of dendrite (n = 3). (H) Expression level of Aβ1–42 after overexpression of METTL16 and knockdown of MAT2A in 5 × FAD mice (n = 3). Data are shown as the mean ± SD. *p < 0.05, **p < 0.01, and ***p < 0.001.





4 Discussion

Epigenetic regulation plays a crucial role in various neurological disorders, with RNA methylation representing a predominant form of epigenetic modification, constituting approximately 60% of all RNA modifications (Wang X. et al., 2023). RNA dysmethylation implicated in numerous biological processes. Empirical studies have demonstrated that RNA m6A methylation is integral to neurogenesis (Wang et al., 2018), learning and memory (Wang X. et al., 2023), brain development (Ma et al., 2018), and axon regeneration (Weng et al., 2018). Moreover, RNA m6A methylation is critical for synaptic function (Merkurjev et al., 2018), with alterations in synaptic function being key contributors to the occurrence of AD (Terry et al., 1991). Research has identified that RNA m6A methylation influences the pathogenesis of AD in murine models by modulating the expression of hippocampal synaptic proteins (Zhao et al., 2021). Consequently, elucidating the role of m6A methylation in AD is essential for advancing our understanding of its pathogenesis.

The m6A modification process involves three categories of functional proteins: methyltransferases, demethylases, and recognition proteins. Methyltransferases include METTL3, METTL14, and METTL16 (Jiang et al., 2021); demethylases encompass FTO and alkylation repair homolog protein 5 (ALKBH5) (Gao et al., 2024); and recognition proteins comprise YTH domain-containing proteins 1 and 2 (YTHDC1/2) and YTHDF1/2/3 (Shi et al., 2018; Zálešák et al., 2024). m6A methylation and its associated enzymes are critical in modulating neuronal function, as well as in the regulation of learning and memory processes. Specifically, METTL3-mediated m6A RNA methylation has been shown to directly influence the formation of long-term memory. A reduction in METTL3 expression levels is associated with an increased risk of AD (Yang et al., 2023). Differential alterations in METTL3 expression have been documented in the hippocampal and cortical regions of APP/PS1 mice (Huang et al., 2022). Furthermore, Koranda et al. (2018) demonstrated that the deletion of the METTL14 protein in mouse striatal neurons led to enhanced neuronal excitability and impaired learning and memory. In our previous study, we observed a significant increase in METTL16 protein expression of in the hippocampus of mice following learning and memory training. The loss of METTL16 resulted in decreased in m6A methylation levels, which in turn led to learning and memory impairments and diminished synaptic plasticity (Zhang R. et al., 2022). This was the first study to suggest a role for METTL16 in memory formation and synaptic plasticity within the hippocampus. The process of m6A demethylation mediated by ALKBH5 is observed at active synaptic ribosomes and synapses characterized by short-term plasticity. Additionally, there is an increased co-localization of YTHDF1, YTHDF3, and ALKBH5 with m6A-modified RNA at activated glutamatergic postsynaptic sites (Martinez De La Cruz et al., 2021). These findings underscore the critical role of m6A methylation in sustaining learning and memory functions in mice. In the present study, we observed a reduction in m6A methylation and METTL16 expression levels in the hippocampus of 5 × FAD mice. Following the overexpression of METTL16, there was an enhancement in m6A methylation levels, accompanied by improvements in learning and memory, increased expression of PSD95 and Syp, elevated dendritic spine density in the CA1 region, and a reduction in Aβ1–42 levels in the hippocampus of 5 × FAD mice. These results indicate that modifications in METTL16 expression can lead to significant changes in m6A methylation within the hippocampus, thereby exerting a substantial impact on the maintenance of learning, memory and synaptic plasticity stability in mice, corroborating our previous findings. While virus manipulation and vector interference were effectively controlled in this study, the absence of a control group consisting of mice without AAV virus injection limits the ability to thoroughly assess the adverse effects of the virus on the hippocampus and to ascertain whether the biological effects of the virus were restricted by the test genotype. Currently, both the control and experimental groups were subjected to standardized procedures, including consistent virus dosage and postoperative detection, thereby minimizing operational interference. Despite these controls, the observed significant differences between the groups suggest that the phenotype was influenced by the intervention of the target gene, independent of any non-specific effects from the empty vector.

In contrast to METTL3 and METTL14, which require complex formation to catalyze target mRNA methylation, METTL16 primarily operates as a monomer (Satterwhite and Mansfield, 2022). MAT2A is identified as one of the target mRNAs of METTL16 (Pendleton et al., 2017). Notably, this study discovered a reduction in the expression level of the MAT2A protein in the hippocampus of 5 × FAD mice. In contrast, previous studies have demonstrated conflicting results regarding the impact of METTL16 on MAT2A protein expression. Nance et al. (2020) observed that the immediate knockout of METTL16 in cells did not alter MAT2A protein expression. Conversely, Shima et al. (2017) reported a reduction in MAT2A protein levels following the competitive inhibitor of MAT, alongside METTL16 knockdown. These discrepancies may be attributed to variations in the experimental models employed or the duration of viral activity.

Furthermore, Li et al. (2019) discovered that elevated m6A methylation levels in adult hippocampal neurons enhance synaptic plasticity, while Zhang et al. (2018) suggested that diminished m6A methylation levels in brain tissue may contribute to learning and memory impairments in AD. The potential influence of MAT2A on learning and memory, hippocampal synaptic plasticity and Aβ1–42 expression in 5 × FAD mice has not been previously documented. In the present study, we observed that MAT2A overexpression ameliorated learning and memory deficits in 5 × FAD mice, increased the expression of synaptic proteins PSD95 and Syp, and enhanced dendritic spine density, while concurrently reducing Aβ1–42 expression levels in the hippocampus. The findings indicate that MAT2A plays a crucial role in learning, memory, and synaptic plasticity, as well as in the expression of Aβ1–42 in mice.

In the context of METTL16 functioning as a methyltransferase, SAM serves as a methyl donor, with MAT2A being the principal enzyme responsible for SAM production (Cantoni and Durell, 1957). Previous research has shown that METTL16 influences SAM levels in human embryonic kidney cells by modulating MAT2A RNA (Pendleton et al., 2017). Our previous study demonstrated that METTL16 in the hippocampus enhances the expression of MAT2A protein by stabilizing MAT2A mRNA, thereby increasing the methylation level of m6A, which in turn promotes synaptic plasticity and improves learning and memory (Zhang R. et al., 2022). Building on these findings, the present study assessed the impact of METTL16 overexpression on the expression of MAT2A mRNA and protein, as well as the methylation level of m6A in the hippocampus of 5 × FAD mice. The results indicated that the overexpression of METTL16 led to an increase in the expression levels of both MAT2A protein and mRNA, as well as an elevation in the m6A methylation level of MAT2A mRNA. This, in conjunction with previously observed METTL16 overexpression, resulted in an increased m6A level in the mouse hippocampus. We hypothesized that METTL16 might influence the m6A methylation level in the hippocampus of 5 × FAD mice by modulating the m6A methylation status of MAT2A mRNA, thereby impacting learning and memory, synaptic plasticity, and the expression level of Aβ1–42 in these mice. In this study, concurrent overexpression of METTL16 and knockdown of MAT2A impaired learning and memory, disrupted synaptic plasticity, and elevated the expression level of Aβ1–42 in 5 × FAD mice, consistent with findings from previous research.

In conclusion, the current study demonstrated that METTL16 enhances learning and memory in 5 × FAD mice by regulating MAT2A mRNA m6A methylation, which in turn increases the expression levels of PSD95 and Syp, enhances dendritic spine density, and reduces Aβ1–42 accumulation in the hippocampus. These findings reveal a novel approach for investigating the pathophysiological role of METTL16 in AD and offer new insights for the development of potential therapeutic targets for AD.



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 authors.



Ethics statement

The animal study was approved by Animal Experiment Ethics Committee of Hebei Medical University. The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

HCh: Data curation, Formal analysis, Methodology, Writing – original draft. FG: Data curation, Formal analysis, Methodology, Writing – original draft. YZ: Data curation, Methodology, Writing – original draft. WL: Data curation, Methodology, Writing – original draft. BC: Data curation, Methodology, Writing – original draft. CW: Data curation, Methodology, Writing – original draft. LH: Data curation, Methodology, Writing – original draft. SJ: Data curation, Methodology, Writing – original draft. XM: Data curation, Methodology, Writing – original draft. HR: Data curation, Methodology, Writing – original draft. SL: Funding acquisition, Project administration, Writing – review & editing. HCu: Funding acquisition, Project administration, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by project funding from the National Natural Science Foundation of China (82171582), the Science and Technology Research Project of Higher Education Institutions in Hebei Province (ZD2020105), and Hebei Natural Science Foundation (H2022206586).



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 authors declare that no Gen AI was used in the creation of this manuscript.



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.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnagi.2025.1572976/full#supplementary-material



References

 Bertoni-Freddari, C., Fattoretti, P., Casoli, T., Meier-Ruge, W., and Ulrich, J. (1990). Morphological adaptive response of the synaptic junctional zones in the human dentate gyrus during aging and Alzheimer’s disease. Brain Res. 517, 69–75. doi: 10.1016/0006-8993(90)91009-6 

 Cantoni, G. L., and Durell, J. (1957). Activation of methionine for transmethylation. II. The methionine-activating enzyme; studies on the mechanism of the reaction. J. Biol. Chem. 225, 1033–1048. doi: 10.1016/S0021-9258(18)64899-9 

 de Pins, B., Cifuentes-Díaz, C., Farah, A. T., López-Molina, L., Montalban, E., Sancho-Balsells, A., et al. (2019). Conditional BDNF delivery from astrocytes rescues memory deficits, spine density, and synaptic properties in the 5 × FAD mouse model of Alzheimer disease. J. Neurosci. 39, 2441–2458. doi: 10.1523/JNEUROSCI.2121-18.2019 

 Gao, Z., Zha, X., Li, M., Xia, X., and Wang, S. (2024). Insights into the m6A demethylases FTO and ALKBH5: structural, biological function, and inhibitor development. Cell Biosci. 14:108. doi: 10.1186/s13578-024-01286-6 

 Grobler, C., van Tongeren, M., Gettemans, J., Kell, D. B., and Pretorius, E. (2023). Alzheimer’s disease: a systems view provides a unifying explanation of its development. J. Alzheimers Dis. 91, 43–70. doi: 10.3233/JAD-220720 

 Han, Y., Chen, K., Yu, H., Cui, C., Li, H., Hu, Y., et al. (2024). Maf1 loss regulates spinogenesis and attenuates cognitive impairment in Alzheimer’s disease. Brain 147, 2128–2143. doi: 10.1093/brain/awae015 

 Han, M., Liu, Z., Xu, Y., Liu, X., Wang, D., Li, F., et al. (2020). Abnormality of m6A mRNA methylation is involved in Alzheimer’s disease. Front. Neurosci. 14:98. doi: 10.3389/fnins.2020.00098 

 Huang, Q., Li, C. Y., Zhang, N., Zhang, Q., Li, H. Y., Shen, Y., et al. (2022). The effects of moxibustion on learning and memory and m6A RNA methylation in APP/PS1 mice. Evid. Based Complement. Alternat. Med. 2022, 2998301–2998311. doi: 10.1155/2022/2998301 

 Jack, C. R. Jr., and Holtzman, D. M. (2013). Biomarker modeling of Alzheimer’s disease. Neuron 80, 1347–1358. doi: 10.1016/j.neuron.2013.12.003 

 Jiang, X., Liu, B., Nie, Z., Duan, L., Xiong, Q., Jin, Z., et al. (2021). The role of m6A modification in the biological functions and diseases. Signal Transduct. Target. Ther. 6:74. doi: 10.1038/s41392-020-00450-x 

 Khezri, M. R., and Ghasemnejad-Berenji, M. (2023). The role of caspases in Alzheimer’s disease: pathophysiology implications and pharmacologic modulation. J. Alzheimers Dis. 91, 71–90. doi: 10.3233/JAD-220873 

 Koranda, J. L., Dore, L., Shi, H., Patel, M. J., Vaasjo, L. O., Rao, M. N., et al. (2018). Mettl14 is essential for epitranscriptomic regulation of striatal function and learning. Neuron 99, 283–292.e5. doi: 10.1016/j.neuron.2018.06.007 

 Lane, C. A., Hardy, J., and Schott, J. M. (2018). Alzheimer’s disease. Eur. J. Neurol. 25, 59–70. doi: 10.1111/ene.13439 

 Li, H., Ren, Y., Mao, K., Hua, F., Yang, Y., Wei, N., et al. (2018). FTO is involved in Alzheimer’s disease by targeting TSC1-mTOR-tau signaling. Biochem. Biophys. Res. Commun. 498, 234–239. doi: 10.1016/j.bbrc.2018.02.201 

 Li, J., Yang, X., Qi, Z., Sang, Y., Liu, Y., Xu, B., et al. (2019). The role of mRNA m6A methylation in the nervous system. Cell Biosci. 9:66. doi: 10.1186/s13578-019-0330-y 

 Liufu, C., Luo, L., Pang, T., Zheng, H., Yang, L., Lu, L., et al. (2024). Integration of multi-omics summary data reveals the role of N6-methyladenosine in neuropsychiatric disorders. Mol. Psychiatry 29, 3141–3150. doi: 10.1038/s41380-024-02574-w 

 Long, Q. H., Wu, Y. G., He, L. L., Ding, L., Tan, A. H., Shi, H. Y., et al. (2021). Suan-Zao-Ren decoction ameliorates synaptic plasticity through inhibition of the Aβ deposition and JAK2/STAT3 signaling pathway in AD model of APP/PS1 transgenic mice. Chin. Med. 16:14. doi: 10.1186/s13020-021-00425-2 

 Ma, C., Chang, M., Lv, H., Zhang, Z. W., Zhang, W., He, X., et al. (2018). RNA m6A methylation participates in regulation of postnatal development of the mouse cerebellum. Genome Biol. 19:68. doi: 10.1186/s13059-018-1435-z 

 Martinez De La Cruz, B., Cruz, B., Markus, R., Malla, S., Haig, M. I., Gell, C., et al. (2021). Modifying the m6A brain methylome by ALKBH5-mediated demethylation: a new contender for synaptic tagging. Mol. Psychiatry 26, 7141–7153. doi: 10.1038/s41380-021-01282-z 

 Masliah, E., Mallory, M., Alford, M., DeTeresa, R., Hansen, L. A., McKeel, D. W. Jr., et al. (2001). Altered expression of synaptic proteins occurs early during progression of Alzheimer’s disease. Neurology 56, 127–129. doi: 10.1212/wnl.56.1.127 

 Merkurjev, D., Hong, W. T., Iida, K., Oomoto, I., Goldie, B. J., Yamaguti, H., et al. (2018). Synaptic N6-methyladenosine (m6A) epitranscriptome reveals functional partitioning of localized transcripts. Nat. Neurosci. 21, 1004–1014. doi: 10.1038/s41593-018-0173-6 

 Nance, D. J., Satterwhite, E. R., Bhaskar, B., Misra, S., Carraway, K. R., and Mansfield, K. D. (2020). Characterization of METTL16 as a cytoplasmic RNA binding protein. PLoS One 15:e0227647. doi: 10.1371/journal.pone.0227647 

 Pendleton, K. E., Chen, B., Liu, K., Hunter, O. V., Xie, Y., Tu, B. P., et al. (2017). The U6 snRNA m6A methyltransferase METTL16 regulates SAM synthetase intron retention. Cell 169, 824–835.e14. doi: 10.1016/j.cell.2017.05.003 

 Ruszkowska, A. (2021). METTL16, methyltransferase-like protein 16: current insights into structure and function. Int. J. Mol. Sci. 22:2176. doi: 10.3390/ijms22042176 

 Satterwhite, E. R., and Mansfield, K. D. (2022). RNA methyltransferase METTL16: targets and function. Wiley Interdiscip. Rev. RNA 13:e1681. doi: 10.1002/wrna.1681 

 Shi, H., Zhang, X., Weng, Y. L., Lu, Z., Liu, Y., Lu, Z., et al. (2018). m6A facilitates hippocampus-dependent learning and memory through YTHDF1. Nature 563, 249–253. doi: 10.1038/s41586-018-0666-1 

 Shima, H., Matsumoto, M., Ishigami, Y., Ebina, M., Muto, A., Sato, Y., et al. (2017). S-adenosylmethionine synthesis is regulated by selective N6-adenosine methylation and mRNA degradation involving METTL16 and YTHDC1. Cell Rep. 21, 3354–3363. doi: 10.1016/j.celrep.2017.11.092 

 Su, R., Dong, L., Li, Y., Gao, M., He, P. C., Liu, W., et al. (2022). METTL16 exerts an m6A-independent function to facilitate translation and tumorigenesis. Nat. Cell Biol. 24, 205–216. doi: 10.1038/s41556-021-00835-2 

 Terry, R. D., Masliah, E., Salmon, D. P., Butters, N., DeTeresa, R., Hill, R., et al. (1991). Physical basis of cognitive alterations in Alzheimer’s disease: synapse loss is the major correlate of cognitive impairment. Ann. Neurol. 30, 572–580. doi: 10.1002/ana.410300410 

 Walters, B. J., Mercaldo, V., Gillon, C. J., Yip, M., Neve, R. L., Boyce, F. M., et al. (2017). The role of the RNA demethylase FTO (fat mass and obesity-associated) and mRNA methylation in hippocampal memory formation. Neuropsychopharmacology 42, 1502–1510. doi: 10.1038/npp.2017.31 

 Wang, D., Han, Y., Peng, L., Huang, T., He, X., Wang, J., et al. (2023). Crosstalk between N6-methyladenosine (m6A) modification and noncoding RNA in tumor microenvironment. Int. J. Biol. Sci. 19, 2198–2219. doi: 10.7150/ijbs.79651 

 Wang, Y., Li, Y., Yue, M., Wang, J., Kumar, S., Wechsler-Reya, R. J., et al. (2018). N6-methyladenosine RNA modification regulates embryonic neural stem cell self-renewal through histone modifications. Nat. Neurosci. 21, 195–206. doi: 10.1038/s41593-017-0057-1 

 Wang, X., Xie, J., Tan, L., Lu, Y., Shen, N., Li, J., et al. (2023). N6-methyladenosine-modified circRIMS2 mediates synaptic and memory impairments by activating GluN2B ubiquitination in Alzheimer’s disease. Transl. Neurodegener. 12:53. doi: 10.1186/s40035-023-00386-6 

 Weng, Y. L., Wang, X., An, R., Cassin, J., Vissers, C., Liu, Y., et al. (2018). Epitranscriptomic m6A regulation of axon regeneration in the adult mammalian nervous system. Neuron 97, 313–325.e6. doi: 10.1016/j.neuron.2017.12.036 

 Yang, L., Pang, X., Guo, W., Zhu, C., Yu, L., Song, X., et al. (2023). An exploration of the coherent effects between METTL3 and NDUFA10 on Alzheimer’s disease. Int. J. Mol. Sci. 24:10111. doi: 10.3390/ijms241210111 

 Yin, H., Ju, Z., Zheng, M., Zhang, X., Zuo, W., Wang, Y., et al. (2023). Loss of the m6A methyltransferase METTL3 in monocyte-derived macrophages ameliorates Alzheimer’s disease pathology in mice. PLoS Biol. 21:e3002017. doi: 10.1371/journal.pbio.3002017 

 Zálešák, F., Nai, F., Herok, M., Bochenkova, E., Bedi, R. K., Li, Y., et al. (2024). Structure-based design of a potent and selective YTHDC1 ligand. J. Med. Chem. 67, 9516–9535. doi: 10.1021/acs.jmedchem.4c00599 

 Zhang, N., Ding, C., Zuo, Y., Peng, Y., and Zuo, L. (2022). N6-methyladenosine and neurological diseases. Mol. Neurobiol. 59, 1925–1937. doi: 10.1007/s12035-022-02739-0 

 Zhang, Z., Wang, M., Xie, D., Huang, Z., Zhang, L., Yang, Y., et al. (2018). METTL3-mediated N6-methyladenosine mRNA modification enhances long-term memory consolidation. Cell Res. 28, 1050–1061. doi: 10.1038/s41422-018-0092-9 

 Zhang, S. Y., Zhang, S. W., Fan, X. N., Meng, J., Chen, Y., Gao, S. J., et al. (2019). Global analysis of N6-methyladenosine functions and its disease association using deep learning and network-based methods. PLoS Comput. Biol. 15:e1006663. doi: 10.1371/journal.pcbi.1006663 

 Zhang, R., Zhang, Y., Guo, F., Huang, G., Zhao, Y., Chen, B., et al. (2022). Knockdown of METTL16 disrupts learning and memory by reducing the stability of MAT2A mRNA. Cell Death Discov. 8:432. doi: 10.1038/s41420-022-01220-0 

 Zhao, F., Xu, Y., Gao, S., Qin, L., Austria, Q., Siedlak, S. L., et al. (2021). METTL3-dependent RNA m6A dysregulation contributes to neurodegeneration in Alzheimer’s disease through aberrant cell cycle events. Mol. Neurodegener. 16:70. doi: 10.1186/s13024-021-00484-x 


Copyright
 © 2025 Chen, Guo, Zhao, Liu, Chen, Wang, Huang, Jiang, Ma, Ren, Li and Cui. 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.

OPS/images/fnagi-17-1572976-g005.jpg
120

%, % weapenb 1t o
a7 y g s

1891 vy S

AAV-0e-MI6+h-MA

AAV-0e-MI6+sh-control

HOavO/ VILVIN

=] HAAVD/VILVIK

Merge

METTLI6 kDa
o= AAV-oe-MIG+sh-control
= AAV-0e-MI6+h-MAT2A
3
Days

ax
MATA g SR TR WS S

AAV-oe-control

o
A/t
2 T 1 e
ENNIS A
| AavahviAT2A ||

e Mish-control

AV MIGHh M
AAV-0e-MI6

GAPDH | e e e s s 37

E






OPS/images/fnagi-17-1572976-g006.jpg
AAV-oe-MI6+sh-control  AAV-0e-M16+sh-MAT2A

KDa
PSDYS W — — — — — )5

S - —— - —

15

H H . z

H z
2w Z H
: i !
£ H g
20 o :
£ 8
H i
= o0 §

o W0
Sl

S
g
<
=
I
H
A
$
3
Z
2

PSD9S/GAPDH

K

‘Spine density (Spines/10um)

20
rxx
15
1.0
0.5°
0.0
RSN
“0“ “\P;"L
\k&
Sl

Syp/GAPDH

x
H

:
:

APy in Hippocampus (g/L)
i i





OPS/images/fnagi-17-1572976-g003.jpg
dayad

-
Y™ W

|
NOR

day30

AAV-0e-MAT2A

a1
AAV-oc-contral

MAT2A

37

GAPDH

WT  5xFAD

0.0

a
z
%

wr

70 D= ?0
" "
N .
f. w %,
RS RN

ey

o, s = &8 = = i
a O
G S P e wou- (%) uoz upouny,
. ‘e,
. “ : %,
oy b4 ",
e H c»
\ﬁf . -
LI T T, @ 5 & 8 = s 'fp s,
[ HAdVO/ VILVIV N o - (3) suoz uy aone) Q  sausson wiopud jo oquing -
£% % < -
g
= * “
- . &4
g 3
2 HOUO0-AVY  VILVINAVY T
i - :
3 5 -k
& H
Z E
< g
- - . )
=
Z
3 -
- - =
3 =g = s =
g (s)kouayey aduasy
il
3
A
Z
) - -
< =z
g £ X
£
] <
= s 3§ OHUSSAVY.  VEIVISAVY.






OPS/images/fnagi-17-1572976-g004.jpg
=

R,
3

H

ey

9 8 8 = 4 oy BT (v sndwwsoddg w gy,
HAdVD/dAs
£,
<
o7 %,
* , T “,
PO PO T Ty —— B
“, .
TN RS o P
HAdV/S6asd - :
[ vavwoeaw ]
- B e e
<
g
s
AN -
z . %,
Z .
3 “ =,
“,
c(r,A
§ % & 3 2 0w
g B pas) yNuw dAS aanepy
-
H
m .
3
z
) “
£ 0z 0=
g 75
o






OPS/images/fnagi-17-1572976-t001.jpg
Name Primer

Forward: 5-GACAAACCACCTGACTTCGCA-3'

METTL16
Reverse: 5-TCTGACTGCTTCGGGGTCTT-3"
Forward: 5-GCTTCCACGAGGCGTTCAT-3
MAT2A
Reverse: 5'-AGCATCACTGATTTGGTCACAA-3'
Forward: 5"-TACCAAAGACCGTGCCAACG-3
PSD95
Reverse: 5'-CGGCATTGGCTGAGACATCA-Y
Forward: 5"-GCCACTGACCCAGAGAACAT-3'
Syp
Reverse: 5'-TCCTTGAACACGAACCACAG-3"
Forward: 5-TCATCACTATTGGCAACGAGCGGT-3"
fractin

Reverse: 5-GTGTTGGCATAGAGGTCTTTACG ¥’





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effects of m6A methylation of MAT2A mRNA regulated by METTL16 on learning and memory, hippocampal synaptic plasticity and Aβ1–42 in 5 × FAD mice



		1 Introduction



		2 Methods



		2.1 Animals



		2.2 RNA m6A quantification



		2.3 Western blotting



		2.4 Stereotaxic injection of virus



		2.5 Novel object recognition test



		2.6 Y-maze test



		2.7 Morris water maze test



		2.8 qRT-PCR



		2.9 Golgi staining



		2.10 ELISA



		2.11 Anti-m6A-RIP



		2.12 Statistical analysis









		3 Results



		3.1 Effect of METTL16 on m6A methylation modification in hippocampus of 5 × FAD mice



		3.2 Effects of METTL16 on learning and memory, hippocampal synaptic plasticity and Aβ1–42 expression in 5 × FAD mice



		3.3 Effects of MAT2A on learning and memory, hippocampal synaptic plasticity, and Aβ1–42 expression in 5 × FAD mice



		3.4 Effects of METTL16 regulating MAT2A on learning and memory, hippocampal synaptic plasticity and Aβ1–42 expression in 5 × FAD mice









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fnagi-17-1572976-g001.jpg
IEEEEEE
B ey s o sy s

) WT  SxFAD
AAV-0eMETTLIG

o

HI H
H

1AdVO/9ITLLAW -

H g2 B 5L 5wy
) H = IR —
H b
) z
. H
H -
El
&
g s s 2
& z i
H E 3 ‘
H Z N
: ] H]
= QO 7 naavowrian ey oraeea .
=] £ "8
ird

g % 3 = R” =
(s)Souayey aduasy

I—D;l
WI swFAD
oo
NOR M

H

0.020-
015:
0010-

a3

i3

o

< (©Vu

AAVeoc-contral
AAV-oe METTLIG

D
-
ant

JONU0S0AVY  IFLLLAW-0AVY.






OPS/images/fnagi-17-1572976-g002.jpg
)

i
o

2
&

nw oS

HAdVO/diS

"
<

HAdVO/s6dSd

2
2
E
g
=
3
z
3

m
|

AAV-oe-control

3
2

PSD9S Siwws S ——
S —

GAPDH

i

Py

0
o
0
o

s000

oo
o
o0

T T TRy,
QO (rgysounds) Susuop aurds

IITLLAN-00-AVY
[ 1010103-20-A VY

20

T
B sor vt i oaner

R

B Aol VN S6aSd AT





OPS/images/cover.jpg
, frontiers | Frontiers in Aging Neuroscience

Effects of m ®A methylation of
MAT2A mRNA regulated by
METTL16 on learning and
memory, hippocampal synaptic
plasticity and AB;_42 in 5 X FAD

mice












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Aging Neuroscience






