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Summary 

FTO and ALKBH5 proteins are essential erasers of N6-adenosine 

methylation in RNA. We studied how levels of FTO and ALKBH5 

proteins changed during mouse embryonic development, aging, 

cardiomyogenesis, and neuroectodermal differentiation. We 

observed that aging in male and female mice was associated with 

FTO up-regulation in mouse hearts, brains, lungs, and kidneys, 

while the ALKBH5 level remained stable. FTO and ALKBH5 proteins 

were up-regulated during experimentally induced 

cardiomyogenesis, but the level of ALKBH5 protein was not 

changed when neuroectodermal differentiation was induced. 

HDAC1 depletion in mouse ES cells caused FTO down-regulation. 

In these cells, mRNA, carrying information from genes that 

regulate histone signature, RNA processing, and cell differen-

tiation, was characterized by a reduced level of N6-adenosine 

methylation in specific gene loci, primarily regulating cell 

differentiation into neuroectoderm. Together, when we compared 

both RNA demethylating proteins, the FTO protein level undergoes 

the most significant changes during cell differentiation and aging. 

Thus, we conclude that during aging and neuronal differentiation, 

m6A RNA demethylation is likely regulated by the FTO protein but 

not via the function of ALKBH5. 
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Introduction 

 

The physiological function within the epigenetic 

machinery leads to the accurate and fine-tuned execution 

of gene expression, cell fate programs, or cell stress 

response. Nowadays, the coordination and control of the 

post-transcriptional modification of the RNA are proving 

their essential role, raising the importance of 

epitranscriptomic regulation. The methylation on the  

N6- position of adenosine (m6A) has been known for 

almost 50 years [1-5]. It is the most abundant and 

functional modification of mRNA [6], but m6A was also 

found in non-coding RNAs (ncRNAs) and long non-

coding RNAs (lncRNAs) [7,8]. Moreover, among the over 

100 chemically different modifications, in distinct types of 
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RNA have been discovered so far [9]. The methylation of 

RNA is conducted by a multiprotein complex composed of 

the heterodimer METTL3/ METTL14 (methyltransferase-

like 3/methyltransferase-like 14) [10, 11] and the 

MACOM protein complex (m6A-METTL-associated 

complex consists of WTAP, KIAA1429, RBM15, 

HAKAI, and ZC3H13) [11-14]. Also, additional RNA 

methyl transferase, METTL 16 (methyltransferase-like 16) 

installs m6A in RNA [15,16]. To this fact, it is well-known 

that the m6A mark on RNA is recognized by specific 

readers, such as the YTH (YT521-B) domain family 

proteins (YTHDF1, YTHDF2, YTHDF3, and YTHDC1) 

[17-21], or indirect readers, including the heterogeneous 

nuclear ribonucleoprotein HNRNPA2B1 and HNRNPC 

[22]. Besides specific readers, there is also the existence of 

specific m6A erasers. In this case, the removal of the 

methyl group from N6-adenosine is mediated by the FTO 

protein  

(fat-mass obesity-associated protein) [23] that oxidizes 

m6A to N6-hydroxymethyladenosine (hm6A). Subse-

quently, the markers of active RNA demethylation, 

including N6-formyladenosine (f6A), and N6-carboxyl-

adenosine, appear [24]. Also, the ALKBH5 protein (alkB 

homolog 5) serves as an m6A RNA eraser [25]. Due to the 

fact that the FTO protein regulates a number of 

physiological processes, the function of the FTO protein, 

its biological relevance, and its clinical significance have 

raised interest in the scientific community. Increasing 

evidence demonstrates that the FTO protein also plays  

a role in various cell differentiation processes. For 

example, it is involved in the control of adipogenesis 

through a dynamic m6A RNA regulation that affects the 

splicing of a subset of genes [26]. In vivo study also 

showed the FTO role during myogenesis and the 

differentiation of the neuronal stem cells in adult mice [27, 

28]. A relevant role of FTO is also emerging in cancer 

biology, where it is involved in the leukemogenesis 

process [29] or FTO inhibition leads to the suppression of 

cancer stem cell self-renewal and immune system evasion 

[30] or self-renewal of glioblastoma stem-cell 

neurospheres [31,32]. 

A fundamental role is also ascribed to m6A RNA-

mediated regulation of the translation process; thus, 

proteins essential for installation, maintenance, and 

removal of methylation from mRNA and tRNA are the 

focus of interest. For example, it was believed that m6A is 

the preferred substrate for FTO, but Mauer and colleagues 

[33] showed that FTO preferentially demethylates m6Am 

(N6,2′-O-dimethyladenosine),  

an extended cap modification [33]. Mauer et al. [34] 

showed that FTO preferentially targets m6Am residues in 

snRNAs, conversely to mRNAs. Thus, additional analyses 

showing the role of FTO targets are essential, especially 

from the view of the regulation of protein translation [35]. 

As it was published, the m6A RNA level seems constant 

during mRNA life until its degradation [36,37]. The FTO 

protein does not demethylate the internal m6A RNA in a 

sequence specific-manner  

(a hallmark of non-specific enzymatic activity). It acts at 

an unusually low rate reaction on it [5, 23, 38], while the 

demethylation rate is 100 times higher toward the cap 

m6Am [33]. In this perspective, the observed internal m6A-

mRNA enrichment at 3' UTRs ends [39] may be explained 

by the increased activity of the FTO toward the m6Am in 

the 5-cap structure [33]. A specific miCLIP analysis of the 

m6A peak in wild-type and FTO-knockout mice revealed a 

subtle increase of m6A at 5' UTR [46]. An additional 

miCLIP analysis of other RNA in FTO-knockout cells 

showed an increase of m6Am in snRNA [34], accompanied 

by splicing defects [40]. These data suggest that the 

primary target of the FTO in the mRNA could be the 

m6Am [33]. In this regard, the observation that the FTO 

seems to shuttle between the nucleus and the cytoplasm is 

also interesting from the view of its regulatory functions 

[41-43]. A recent study showed that the spatial localization 

of the FTO could influence its action on the target, where 

the FTO demethylates the internal m6A RNAs in the 

nucleus and both the internal m6A RNA and m6Am during 

the mRNA capping [43]. 

Exciting is the clinical perspective of the m6A 

RNA modification that seems to play an essential role in a 

common threat to cardiovascular disease (CVDs)  

[44-46]. For example, under ischemic stress, the FTO can 

selectively demethylate the cardiac contractile transcripts; 

and, therefore, increase their protein translation and finally 

improve the cardiac contractile function [46]. In neonatal 

rat cardiomyocytes, the hypertrophic effect of the 

adipokine leptin increased the nuclear FTO expression. At 

the same time, the FTO down-regulation suppressed the 

hypertrophic response, suggesting a role in cardiac 

physiology or pathology [47]. In a myocardial infarction 

model, the overexpression of FTO reduced cardiac fibrosis 

and enhanced angiogenesis [46].  

An FTO-knockout mice model of heart failure (HF) 

showed a reduction in ejection fraction and enhanced 

dilatation, demonstrating the role of FTO in the faster 

progression of HF [48]. In addition, individuals with  

an FTO single nucleotide polymorphism (SNPs) indicate a 
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strong association with overweight/obesity due to reduced 

food satiety and increased food intake [49-52]. Also, it was 

demonstrated that FTO overexpression in mice could lead 

to obesity [53]. Generally, obesity is considered one of the 

main risk factors for CVDs [54, 55]. A study has 

demonstrated that inhibiting FTO via increasing the level 

of m6A in RNA reduced the incidence of obesity and 

CVDs [56]. 

All these recent discoveries indicate an essential 

role of epitranscriptomic control, particularly for FTO and 

ALKBH5, as well, due to their m6A RNA-demethylation 

activity in diverse biological processes. From this 

perspective, we studied the FTO and ALKBH5 expression 

profile in cardiac differentiation of mES cells during aging 

and after the intervention to the epigenome. In this case, 

we studied mES cells with HDAC1 (histone deacetylase 1) 

deficiency. Above mentioned data, and also as we showed 

in [57], decidedly indicate the fundamental role of FTO 

and ALKBH5 proteins in cardiomyogenesis. Moreover, 

the FTO protein regulates fat mass, thus, balancing human 

physiological body weight and obesity [58]. Also, it is 

known that the aging of human individuals is often 

associated with  

an increased body mass; thus, the knowledge of how FTO 

expression is changed during life span could shed light on 

the epigenetic regulation of aging. Also, based on FTO 

interaction networks [59], we studied the effect of HDAC1 

depletion on the FTO protein level. For explanation, Shu 

Ran et al. [59] showed a functional interconnection 

between FTO and IFG1, which interaction network also 

includes HDAC1 and HDAC2. Moreover, Dong-feng Lu 

et al. [60, 61] suggested HDAC1 has a negative factor 

correlated with cardiac cell differentiation from 

mesenchymal stem cells. Thus, it makes sense that the 

study of both HDAC1 and FTO could contribute to a 

precise understanding of the molecular regulation of 

cardiomyogenesis.   

 

Material and Methods 

 

Cultivation and differentiation of mouse and human cell 

lines. 

Undifferentiated mouse Embryonic Stem (mES) 

cells were routinely grown in Dulbecco's modified Eagle's 

medium (DMEM; #D6429, Sigma-Aldrich) supplemented 

with 15 % fetal calf serum (FCS;  

#16141-07, Gibco), non-essential amino acids (NEAA-

100×, #11140-035, Gibco), 100 mM 1-thioglycerol (MTG; 

#M6145, Merck), 100 U/ml penicillin, and  

100 µg/ml streptomycin (#XC-A4122, Biosera), and  

1000 U/ml recombinant leukemia inhibitory factor 

(ESGROmLIF; #ESG1107, Millipore). We studied wild-

type mouse embryonic stem cells, D3 line (HDAC1 wild-

type, mES (wt)) [62], and mES cells that were deficient in 

HDAC1 (HDAC1 double null, mES (dn)) [63,64]. Mouse 

ES cells, HDAC1 (wt), were cultivated on 0.2 % gelatin-

coated Petri dishes, and HDAC1 (dn) mES cells were 

grown on Matrigel-coated plastic dishes (#354277; 

Corning). In-vitro cell cultures were maintained at 37 °C 

in a humidified atmosphere containing 5 % CO2.  

The differentiation of mES cells into the 

cardiomyocytes was performed via embryoid bodies 

(EBs). EBs were created via the cultivation of mES cells 

in hanging drops, starting count of 300 cells/30 μl  

drop in complete ES media without adding LIF [65,66]. 

After 4 days of growing, EBs were transferred into bacte-

riological dishes and new ES media without LIF for 

additional two days. On the day of differentiation (dd) 6, 

the formed EBs were transferred onto tissue-culture 

gelatine-coated dishes for adhesion and propagation of 

differentiated cells with serum-free medium DMEM/F12 

(#D8437, Sigma-Aldrich) supplemented with insulin, 

transferrin, selenium (ITS-100×; #41400-045, Gibco) and 

the medium was replaced every 2 days until the day of 

differentiation 20 (dd 20). 

Neural differentiation in monolayer was induced 

by seeding mES cells into a culture medium without LIF. 

After 2 days, the cells were washed with PBS, and serum-

free DMEM/F12 replaced the serum-containing medium 

supplemented with ITS (ITS-100×, #41400-045, Gibco), 

2 μg/ml fibronectin (F; #F1141, Sigma-Aldrich), and 

0.5 mM all-trans retinoic acid (ATRA; #R2625, Sigma-

Aldrich) for additional 2 days and subsequently in 

DMEM/F12 medium with ITSF supplement alone. The 

medium was changed every 2 days until the day of 

differentiation 8 (dd 8) [67,68].  

 

Cultivation and differentiation of human embryonic stem 

(hES) cells and induced human pluripotent stem (hiPS) 

cells  

Human embryonic stem (hES) cell lines CCTL16 

and CCTL17 were grown on Matrigel (#354277, Corning) 

coated dishes and were maintained in a commercial 

mTESR1 (#05850, StemCell technologies) culture 

medium. Differentiation was performed for five days using 

a STEMdif definitive endoderm kit (#05110, StemCell 

Technologies) according to the manufacturer's 

instructions. Human embryonic stem cells (line CCTL16 
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and CCTL17) were maintained according to the Czech 

national law Act. No. 227/2006 Coll and authorization of 

the human embryonic stem cell research No. MSMT-

193036/2017-4.  

Undifferentiated human induced pluripotent stem 

(hiPS) cells were cultured in iPSC medium (Essential 8 

medium, #A15169-01, Gibco; 1x Essential supplement, 

#A15171-01, Gibco; 100U/ml Penicillin - 0,1mg/ml 

Streptomycin, #SV30010, Biotech) on vitronectin-coated 

(0.5 μg/ cm2 rhVNT-N, #A14700, Gibco) standard tissue 

culture plastic. The medium was changed daily. Cells were 

passaged every 3-4 days when cells reached 70-85 % 

confluency. Before passage, standard tissue culture plastic 

was coated with 0.5 μg/cm2 vitronectin diluted in 

Phosphate Buffer Saline (PBS) (137mM NaCl; 2.7mM 

KCl; 10mM Na2HPO4 • 2 H2O; 10mM KH2PO4; pH 7.4) 

for one hour in 37 °C. The cells were washed twice with 

PBS; then incubated with 0.5mM EDTA (EDTA, 

Lachema) in PBS for 3-7 minutes at 37 °C. Subsequently, 

EDTA was gently removed and neutralized with 1 ml of 

iPSC medium. Cells were gently aspirated, and small 

clusters of cells were transferred into the new plate. 

For differentiation, hiPS cells were replated on 

standard culture plastic coated for one hour at 37 °C with 

0.017 mg/cm2 growth factor reduced Matrigel (Matrigel-

GFR, #356231, Corning) diluted in PBS. The medium was 

changed daily. When the iPS cells reached 90-95 % 

confluency, they were differentiated into cardiomyocytes 

(CMs) according to the standard cultivation protocol 

described by Lian et al. [69]. Briefly, cells were treated 

with 10μM CHIR99021 (#SML1046, Sigma) diluted in 

RPMI medium 1640 (#51800-019, Gibco), supplemented 

with 100 U/ml Penicillin and 0.1 mg/ml Streptomycin and 

1x B27 insulin (#A18956-01, Gibco), here referred as 

RPMI/B27-INS. After 24 h, the medium was changed for 

fresh RPMI/B27-INS. Then 72 h after induction of 

differentiation, cells were treated with 5μM XAV939 

(#X3004, Sigma), diluted in combined medium (1:1 mix 

of fresh RPMI/B27-INS with medium collected from the 

cultivation plate). The medium was changed after two days 

for fresh RPMI/B27-INS. On the seventh day, the 

RPMI/B27-INS cultivation medium was replaced by 

RPMI 1640 medium, supplemented with 100 U/ml 

penicillin and 0.1 mg/ml streptomycin and 1x B27 plus 

insulin (#17504-044, Gibco), here referred to as 

RPMI/B27+INS which was changed every other day from 

day 7. Beating cardiomyocytes were observed around day 

10 of cell differentiation. 

Experimental animals  

All experimental animals were bred under 

protocols approved by the Branch Commission for Animal 

Welfare of the Ministry of Agriculture of the Czech 

Republic (permissions no. 91/2020). Mice line C57BL6 

was obtained from the Breeding Facility of the Medical 

Faculty, Masaryk University, Brno, Czech Republic. The 

mice were housed in the Animal Core Facility of the 

Institute of Biophysics, the Czech Academy of Sciences, 

in a Specific Pathogen-Free (SPF) conditions, at 21-23 °C, 

in a 12 h light / 12 h dark  

cycle, and 50 % to 60 % relative humidity with  

ad libitum access to food and water. For experiments, 

embryos were used at the stage of embryonic development 

13.5 (E13), 15.5. (E15), 18.8 (E18) days post conception 

(d.p.c.). Also, for studies, we used newborns, three-month-

old mice (labeled as young animals), and 24-month-old 

mice (labeled as old animals). 

 

Analysis of human heart samples 

Human healthy and diseased heart atrial ad 

ventricular samples were obtained from post-

transplantation cardiac patients diagnosed with dilated 

cardiomyopathy (DCM) or ischemic heart disease (IHD) 

that underwent ventricular assist device implantation or 

transplantation. All experiments were performed under the 

ethical standards of the Centre of Cardiovascular and 

Transplantation Surgery and approved by the Ethics 

Committee of the Centre of Cardiovascular Surgery and 

Transplantation, Brno, Czech Republic, and Department 

of Cardiovascular Surgery and Transplantation, Faculty of 

Medicine, Masaryk University, Brno, Czech Republic. 

The informed consent of all patients, attachment number 

18, from Mar 18, 2020, is archived in the clinics. For the 

experiments, whole hearts, after explantation, were stored 

on ice, and within 25 minutes after induced fibrillation, 

were atrial and ventricular samples collected from visually 

healthy areas in the form of 1 cm blocks. These blocks 

were further divided into smaller sections and processed 

for subsequent analyses. 

 

Western blot analysis 

Western blot analyses were performed as 

previously described by [70]. We used the following 

primary antibodies: anti-FTO (#ab-92821, Abcam), anti-

ALKBH5 (#a195377, Abcam), and secondary antibodies 

conjugated with horseradish peroxidase: anti-rabbit IgG 

(#AP307P, Sigma Aldrich), and anti-mouse IgG (#A9044, 

Sigma-Aldrich). The quantification of protein levels was 

processed by ImageJ software. Relative density values of 
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western blot fragments of each protein were compared to 

the relative density of the total protein levels. In all blots, 

the ratios of all samples were normalized to the ratio 

measured in mES HDAC1 (wt) cells. This parameter was 

assigned a value of 1 in each quantification chart. 

 

Embryonic tissue cryo-sectioning and immunohisto-

chemistry 

After explantation of organs from embryos, the 

embryonic hearts and brains were fixed with 4 % 

formaldehyde (FA; #AAJ19943K2, Thermo Fisher 

Scientific) overnight at 4 °C, after washing three times for 

30 minutes in cold PBS, tissues were cryo-protected by 

30 % sucrose in PBS (changed three times/ 12 hours) at 

4 °C. Next, the cryoprotected embryonic organs were 

transferred to embedding matrix OCT (Leica Microsystems) 

and moved into the moulds containing OCT, and froze to -

20 °C. The tissues were sectioned using a LeicaCryo-

Microtome (LeicaCM1800, Leica). Deeply frozen samples 

were cut into a section of 14 µm thickness.  

Immunostaining of tissue sections was started by 

re-fixation of sections plated on microscope slides in 4 % 

FA. Samples were washed in PBS, and permeabilization 

was done by 1 % Triton X-100 in PBS (8 min, RT) and 

saponin solution (0.1 % saponin, 0.1 % Triton X-100 in 

PBS; the treatment was for 12 min, RT) was used. 

Undifferentiated mES cells, cultured on microscopic culture 

dishes (#80158, Ibidi) with appropriate coating, were fixed 

by 4 % FA. After washing, the permeabilization was 

conducted with 0.1 % Triton X- in PBS (8 min, RT) and 

saponin solution (0.1 % saponin, 0.1 % Triton X-100 in 

PBS, the treatment for 12 min, RT). A blocking solution of 

1 % bovine serum albumin (BSA; #A2153-506, Sigma 

Aldrich) in PBS was used for one hour at RT. For staining 

of both (tissue sections and cells), the following antibodies 

were used: anti-FTO (#ab-92821, Abcam); anti-ALKBH5 

(#a195377, Abcam), and secondary antibodies Alexa Fluor 

488 anti-rabbit IgG (#ab150077, Abcam); Alexa Fluor 594 

anti-mouse IgG (#A11032, ThermoFisher Scientific). The 

nuclear DNA was stained by 4',6-diamidino-2-phenylindole 

(DAPI; #10236276001, Merck Life Science), and objects 

were mounted into Vectashield Mounting Medium (#H-

1000, Vector Laboratories). 

 

Confocal and tile-scanning microscopy 

Fluorescence images were acquired by  

a confocal microscope (TCS SP8 SMD, Leica 

Microsystems, Germany) equipped with white light laser 

(WLL) and 405 nm laser, a motorized x-y stage,  

hybrid (HyD) or photomultiplier (PMTs) detectors. We 

used objectives: HC PL APO CS2 63x Oil, NA 1.4,  

WD 0.14 mm, and HC PL APO CS 10x, NA 0.40, WD 2.2 

mm (Leica Microsystems). Image acquisition was 

performed using LAS X software (Leica Microsystems, 

Germany). Stacks of confocal images were collected 

automatically at z-distances steps 0.3 μm for mES cells and 

1 μm for tissue sections. Image acquisition was performed 

at a resolution of 1024 × 1024 pixels, 400 Hz, zoom 1, and 

images were presented as maximum intensity projections. 

Tissue sections were captured using the tile-scanning 

mode. Acquired panels were auto-stitched in smooth 

mode, and the image reconstruction was performed by 

LAS X software (Leica Microsystems). Quantification of 

fluorescence intensity was performed by Leica LAS X 

software, according to selected regions of interest (ROIs) 

highlighted in images obtained by confocal microscopy 

and immune-fluorescence.  

Embryos and embryonic hearts were visualized 

by a 3D digital microscope Keyence VHX-7000;  

4K camera equipped by sensor CMOS 1/1.7 inch; 12.22 

megapixels; objective E20 magnification 20× (KEYENCE 

INTERNATIONAL).  

 

RIP-Seq analysis 

The HDAC1 (wt) and HDAC1 (dn) mES cells in 

the undifferentiated stage (labelled as wtC, dnC) and mES 

cells induced to neuro-ectodermal differentiation for 8 

days (labelled wtDif, dnDif) were examined by RNA 

immunoprecipitation, combined with sequencing analysis 

(RIP-Seq). RNA isolation was performed by Gen Elute 

Universal Total RNA purification kit (#RNB100, Sigma 

Aldrich), and 50 ng of RNA was used for the library 

preparation. We used the Magna RIP RNA-Binding 

Protein Immunoprecipitation Kit (#17-700, Millipore). An 

antibody of interest was anti-m6A RNA (#202 111, SYSY 

Antibodies). Sequencing libraries were prepared by 

Lexogen QuantSeq FWD SR75 library preparation kit, 

used for Illumina sequencing (Lexogen). The sequencing 

of the libraries was conducted on Illumina NextSeq 

(Illumina Inc.) instrument with 75 bp single-end reads. The 

quality of sequencing reads was inspected in FastQC 

(https://www.bioinformatics.babraham.ac.uk/projects/fast

qc). Read trimming on quality (Q30) and sequencing 

adaptor removal were done with Trimmomatic -0.32 [71]. 

Cleaned reads from each library were mapped onto the 

Mus musculus (GCA_000001635.9_GRCm39_ 

genomic.fasta; GCF_000001635.27_GRCm39_genomic 

.gtf) reference genome using STAR aligner v 2.2.7a. 

STAR: ultrafast universal RNA-seq aligner [72]. Mapped 

reads quantification was done by package subread 1.5.2 - 

https://www.bioinformatics.babraham.ac.uk/projects/fastqc
https://www.bioinformatics.babraham.ac.uk/projects/fastqc
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featureCounts [73] and were used as input for differential 

peak analysis using the Bioconductor package MeTDiff 

(version 1.1.0; [74]). The peaks were considered 

differentially expressed in each comparison when the false 

discovery rate was <0.05 (Supplementary Table S2). The 

Venn diagram was created by an online tool available at 

https://bioinformatics.psb.ugent.be/webtools/ 

Venn/. The upset plot was done by the R package UpSetR 

(version 1.4.0; [75]).  

 

Data statistical analysis 

The following programs were used: Leica  

LAS X software (Leica Microsystems), ImageJ software 

(see www. imagej.nih.gov, NIH USA freeware), and 

SigmaPlot software (version 13.0, Systat). With Sigma 

Plot software, we evaluated our data using paired Student's 

t-test, and p-values ≤ 0.05 were considered statistically 

significant. Statistically significant differences from 

control values are shown using asterisks (red asterisks 

indicate increased protein levels and blue asterisks show 

decreased protein levels).  

 

Results 

 

Our study used an in vitro differentiation model of 

mES cells, established on the embryoid body formation 

[76], which closely resembles the embryonic development 

of all three germ layers, including the cardiomyocytes 

[62,77]. Using the model described in our previous study, 

we analyzed the more profound role of FTO and ALKBH5 

proteins during differentiation processes. We studied 

changes in described protein levels during development and 

aging in experimental mouse models. Also, we studied the 

FTO and ALKBH5 protein levels in mouse embryonic and 

adult hearts, brains, lungs, and kidneys, as well as human 

hearts obtained after heart transplantation. Considering the 

emerging evidence of crosstalk between the m6A RNA and 

other epigenetic regulators [78], we attempted to address if 

there is a connection between histone regulation, especially 

regulation of histone acetylation, and changes in the m6A 

RNA level. 

  

Canges in the level of FTO and ALKBH5 during mouse 

embryonic development 

We studied changes in the level of the FTO and 

ALKBH5 proteins in mouse embryonic hearts and brains 

at developmental stages E13, E15, and E18 (Fig. 1A, B). 

Using immunofluorescence and tile scanning, we observed 

that FTO and ALKBH5 proteins occupy the cortex of E15 

brains (Fig. 1C). Figure 1D shows the maximum 

concentration of proteins in the parts of the interatrial 

septum where the most common congenital heart defect 

occurs. In most human cases, there is a defect of the 

interatrial septum in the septum secundum or foramen 

ovale anatomical part. Anatomical parts were determined 

according to [79]. 

Performing western blots, we observed the 

highest FTO level in E13 brains compared to E13 hearts 

and mouse embryonic stem (mES) cells. The FTO level 

was identical in E13, E15, and E18 hearts, but we observed 

FTO down-regulation during mouse brain development 

(compare E13 and E18 stages in Fig. 1E and Fa). The level 

of the ALKBH5 protein was significantly lower in 

embryonic hearts and brains when compared with mES 

cells. Notably, the ALKBH5 level was reduced during the 

development of mouse hearts and brains at the E18 stage 

and in newborn animals (Fig. 1Fb). 

 

Changes in the level of FTO and ALKBH5 during aging 

Western blots showed an increased level of the 

FTO protein in the aortas, atria, and ventricles of old male 

animals compared with young males (Fig. 2Aa,b). The 

ALKBH5 protein was barely detectable in adult mouse 

hearts compared to mES cells (Fig. 1Ac). We also studied 

FTO and ALKBH5 protein levels in mouse brains, and we 

observed the highest level of the FTO protein in olfactory 

bulbs of old animals of both genders compared to young 

individuals (Fig. 2Ba,b). The ALKBH5 level was 

relatively low in mouse brains compared to mES cells but 

the highest in olfactory bulbs of young and old animals 

compared with hippocampi and cortex (Fig. 2Ba, c). Also, 

we studied FTO and ALKBH5 protein levels in the lungs 

and kidneys of young and old mice. In the lungs of young 

males, we observed the lowest level of FTO compared to 

old animals. Especially old male mice were characterized 

by a very high level of FTO in their lungs (Fig. 2Ca, b). 

Again, the ALKBH5 level was very low in studied tissues 

compared to the ALKBH5 level in mES cells (Fig. 2Ca, c). 

In mouse kidneys, we observed FTO up-regulation in 

especially old males. The ALKBH5 protein was again 

barely detectable when comparing the ALKBH5 level in 

mouse kidneys with the ALKBH5 pool in mES cells (Fig. 

2Da-c). 

https://www.biomed.cas.cz/physiolres/pdf/72/72_425_Krejci_S2.xlsx
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Fig. 1. The FTO and ALKBH5 levels during mouse embryonic development. (A) Mouse embryo E13 or E15, and E13 or E15 embryonic 

hearts. (B) Tile scanning of e15 mouse brain. (C) Tile scans showed FTO and ALKBH5 localization in mouse E15 embryonic brains. White 

frames in the upper panels show the brain cortex magnified in the lower panels. Scale bar shows 1 mm. (D) FTO and ALKBH5 proteins 

were visualized in mouse heart sections from E15 embryonic hearts. Immunofluorescence and tile scanning was used for this analysis. 

Scale bar shows 1 mm. (E) Western blot analysis of the FTO and ALKBH5 levels in E13, E15, and E18 embryonic hearts and brains. Data 

were normalized to the total protein levels and quantified by ImageJ software showing the level of (Fa) FTO and  

(Fb) ALKBH5. Data were compared with the level of FTO, and ALKBH5 was analyzed in mES cells. Asterisks in panel F show statistically 

different results at p≤0.05. 
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Fig. 2. Changes in the FTO and 

ALKBH5 levels in mouse hearts, 

brains, lungs and kidneys during 

aging. The FTO and ALKBH5 protein 

levels were studied in young (Y) and 

old (O) adult (Aa) hearts – aorta 

(Ao), atrium (A), ventriculus (V), 

(Ba) brains – olfactory bulb (OB), 

hippocampus (HIP), cortex (CTX), 

(Ca) lungs, and (Da) kidneys in 

male (m) and female (f) animals 

compared to mES cells. Data are 

compared to the total protein levels 

and quantified by the ImageJ 

software. The normalized levels of 

the FTO protein are shown in both 

panels b, and the ALKBH5 proteins 

are normalized levels in panels c. 

Asterisks show statistically different 

results from the control values at 

p≤0.05. 
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Fig. 3. The level of FTO and ALKBH5 proteins in human hearts hES cells and hiPS cells induced into cardiomyogenesis. Western blot 

studies were performed in (A) human hearts, (B) hES cells, and (C) hiPS cells induced into cardiomyogenesis. (Aa-c) Differences in the 

FTO level were observed in the atria and ventriculi of human hearts compared to mES cells. The level of the ALKBH5 protein was relatively 

low. Western blot data were normalized to the total protein levels. (Ba-c) The level of FTO and ALKBH5 in hES cells normalized to the 

total protein levels and compared with mES cells. Asterisks show statistically different results at p≤0.05. (Ca-c) The level of FTO and 

ALKBH5 in hiPS cells normalized to the total protein levels and compared with mES cells. The asterisks show statistically different results 

at p≤0.05. 
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Fig. 4. The levels of FTO and ALKBH5 protein levels were studied in wild-type mES cells and HDAC1 (dn) mES cells.  
(A) Immunofluorescence and confocal microscopy showed the localization of FTO and ALKBH5 proteins in non-differentiated HDAC1 (wt) 
and HDAC1 (dn) mES cells. Quantification of the fluorescent intensity was performed by the Leica LAS X software. Scale bars show 20 µm. 
(Ba-c) Cardiomyocytic differentiation of mES. Western blots showed FTO down-regulation in HDAC1-depleted cells, while the ALKBH5 
level was identical in (wt) and HDAC1 (dn) cells. In (wt) mESs, differentiation into cardiomyocytes caused up-regulation of both FTO and 
ALKBH5 proteins. (Ca-c) Neuroectodermal differentiation of mES. In HDAC1 (wt) and HDAC1 (dn) mES cells, the 4th day of differentiation 
(dd 4) into neuroectoderm was characterized by FTO up-regulation. At the same time, the level of ALKBH5 remained stable during 
experimentally induced differentiation in the neuroectoderm. Data from panels B and C were normalized to the protein level and quantified 
by ImageJ software. The asterisks show statistically different results from the control values at p≤0.05. 
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Analysis of the level of FTO and ALKBH5 proteins in 

human hearts in pathophysiological state 

Compared to E15 mouse hearts and mES cells, we 

found a relatively high level of the FTO protein in human 

hearts. The level of FTO varies among the atria and 

ventriculi of individuals studied (Fig. 3Aa,b). The 

ALKBH5 level in human hearts was very low compared to 

mES cells and E15 mouse embryonic brains  

(Fig. 3Ac). When compared with pluripotent human 

embryonic stem cells (hES cells, lines CCTL16, and 

CCTL17) and mES cells, differentiated hES cells into 

endoderm were characterized by FTO up-regulation 

confirmed the existence of the FTO up-regulation during 

human cardiomyogenesis (Fig. 3Aa, b and Ba, b). Also, 

during the differentiation of hES cells into 

cardiomyocytes, the ALKBH5 was up-regulated, but the 

level of ALKBH5 was identical in both pluripotent hES 

and mES cells (Fig. 3Ba,c).  

Also, we studied FTO and ALKBH5 proteins in 

human-induced pluripotent stem cells (hiPS cells), in 

which we induced cardiomyocytic differentiation. In this 

case, cardiomyogenesis was not accompanied by changes 

in the FTO level, but ALKBH5 was significantly  

up-regulated (Fig. 3Ca-c). In addition, mES cells were 

characterized by a higher ALKBH5 level than hiPS cells 

(Fig. 3Ca,c). 

The FTO protein was down-regulated in HDAC1-depleted 

mouse embryonic stem cells and up-regulated during 

experimentally induced cardiomyogenesis in wild-type 

mES cells.  

We studied the nuclear distribution of FTO and 

ALKBH5 proteins in wild type (wt) and HDAC1 double 

null (dn) mouse embryonic stem (mES) cells, and these 

cells were induced toward cardiomyogenesis (Fig. 4A). 

We observed that HDAC1 deficiency does not affect the 

distribution of FTO and ALKBH5 proteins inside the cell 

nucleus. Notably, both proteins were localized in the 

nucleoplasm, and the ALKBH5 protein also occupied the 

cytoplasm. We observed that the FTO protein is localized 

in only the nucleoplasm (see quantification of the 

fluorescence intensity in panels 4A).  

In the following experiments, we studied pools of 

FTO and ALKBH5 proteins during experimentally 

induced cardiomyogenesis. On day 15 of differentiation, 

western blots showed up-regulation of the FTO protein 

level when we analyzed cardiomyogenesis in HDAC1 (wt) 

mES. Importantly, HDAC1 depletion caused significant 

down-regulation of FTO (see HDAC1 (dn) mES cells in 

Fig. 4Ba,b). The ALKBH5 protein was 

 up-regulated in HDAC1 (wt) mES cells and 

cardiomyocytes, studied on the 15th day after induced 

differentiation (Fig. 4Ba,c).  

 

 

 
 

Fig. 5. Venn diagram and Upset plot of intersections between sets of differential m6A peaks in (wt) and (dn) conditions and candidates 

genes. (A) Venn diagram shows the total number of genes with differentially expressed m6A peaks for mRNA encoded by candidate 

genes. (B) The bar chart indicates the intersection size between sets of genes. Black connected dots on the bottom panel indicate which 

sets of genes are considered for each intersection. 
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Table 1. Overview of 212 candidate genes that were targeted by RIPseq data analysis 
 

Cellular process Candidate genes 

Histone code  

regulation 

Hdac1 Hdac2 Hdac3 Hdac5 Hdac7 Hdac8 Hdac9 Hdac10 Hdac11 Suv39h1 Hat1 Jmjd6 Jmjd1c 

Jmjd4 Jmjd8 Kdm1a Kdm1a Kdm6b Kdm3b Kdm4b Kdm6a Kdm4c Kdm2b Kdm1b Kdm7a Kdm8 

Kdm5d Kat5 Kat6a 

RNA processing Mettl2 Mettl3 Mettl4 Mettl5 Mettl7a1 Mettl8 Mettl14 Mettl15 Mettl17 Mettl21a Mettl21e Mettl22 

Mettl23 Mettl25 Mettl27 Alkbh5 Pcif1 Zc3h13 Foxm1 Ezh2 

Stemness and 

Embryonic 

Development 

Sox1 Sox2ot Sox3 Sox5 Sox6 Sox7 Sox8 Sox9 Sox10 Sox11 Sox13 Sox14 Sox17 Sox18 Sox21 

Sox30 Qsox1 Qsox2 Sox1ot Sox5os3 Sox5os4 Sox6os Pou1f1 Pou2af1 Pou2f1 Pou2f2 Pou2f3 

Pou3f1 Pou3f2 Pou3f3 Pou3f4 Pou4f1 Pou4f2 Pou4f3 Pou5f1-rs1 Pou5f1-rs4 Pou5f1-rs6 

Pou5f1-rs8 Pou5f2 Pou6f1 Pou6f2 

Neuroectoderm 

differentiation 

Neurod1 Neurod2 Neurod4 Neurod6 Neurog1 Neurog2 Neurog3 Gfap Ncam1 Ncam2 Ntf3 Ntf5 

Tubb3 Myt1l Sema3a Rpl10a Brinp1 Hpcal1 Nedd4 Nedd8 Nedd9 Anxa6 Coro1c 

Cardiogenesis Tpm1 Tnnt2 Myh10 Nppa Foxc1 Dkk1 Isl1 Islr Nkx2-5 Nkx2-4 Nkx6-3 Nkx2-9 Tbx5 Tbx20 Gata4 

Gata6 Gata3 Gata2 Gata1 Gata5 Mef2c Mef2a Mef2c Mef2d Hand1 Hand2 Myh6 Myh7 Myh7b 

Rpl13a Myl2 Myl7 Mesp1 Mesp2 

Cell  

signaling 

Stat3 Socs3 Jak2 Jak1 Jak3 Notch1 Notch2 Notch3 Notch4 Hes1 Hes2 Hes3 Hes5 Hes6 Hes7 

Akt2 Akt3 Wnt2b Wnt3a Wnt3 Wnt4 Wnt5a Wnt5b Wnt7a Wnt7b Wnt8a Wnt8b Wnt9a Wnt9b 

Wnt10a Wnt10b Wnt11 Wnt16 

 
 

Interestingly, FTO was up-regulated on the 4th 

day of differentiation into neuroectoderm, induced in both 

HDAC1 (wt) and HDAC1 (dn) mES cells. However, the 

level of the ALKBH5 protein remained relatively stable in 

this differentiation pathway, induced experimentally (Fig. 

4Ca,c). 

 

The density of m6A RNA modification in non-differentiated 

and differentiated wild-type and HDAC1 deficient ES 

cells.  

The HDAC1 (wt) and HDAC1 (dn) cells were 

induced into neuro-ectodermal differentiation for eight 

days. In this case, we performed RIP-Seq analysis to see 

the distribution of RNAs methylated on N6-adenosine 

(m6A RNA) preferentially in 3´-UTR [80] (Supplement 

S1). In a group of analyzed genes encoding m6A mRNA, 

we focused on loci associated with epigenetic regulation, 

features of epitranscriptome as well as cell differentiation 

(Fig. 5A, B and Supplement S2). Supplementary files S1 

and S2 are available at the URL: 

https://www.ibp.cz/en/research/departments/cellular-

biology-and-epigenetics/open-data/krejci-et-al-2023. 

By the use of RIP-Seq analysis, we observed that  

1147 genes were unique when comparing HDAC1 (wt) 

control (non-differentiated) mES cells and differentiated 

cell population (wtC/wtDif). During neuroectodermal 

differentiation, in both mES cell lines, the abundance of 

m6A mRNA was changed in 485 genetic elements. 

Notably, in this case, the HDAC1 status does not influence 

the methylation of RNA. The methylated mRNA of 364 

genes was unique when comparing HDAC1 (dn) non-

differentiated mES cells and their differentiated 

counterpart (dnC/dnDif) (Fig. 5A, B). 

When analyzing undifferentiated HDAC1 (wt) 

and undifferentiated HDAC1 (dn) mES cells (wtC/dnC), 

we detected 54 unique genes in which methylated RNA 

was changed (Fig 5A,B). When comparing differentiated 

mES cells (wt) and HDAC1 (dn) cells (wtDif/dnDif), we 

found 25 genes, of which mRNA was modified on m6A 

(Fig. 5A,B). In detail, RIP-Seq analysis was focused on the 

candidate genes. The overview of the candidate genes is 

shown in Table 1, listing 212 genetic elements. Candidate 

genes were selected according to their function in cellular 

processes. We were interested in histone code regulation, 

RNA processing, stemness and embryonic development, 

neuroectodermal differentiation, cardio-myogenesis, and 

cell signaling). For example, in these 175 loci, we did not 

detect changes in m6A RNA content; see the blue field in 

Fig. 5A and the dot in the blue line of Fig. 5B. We have 

additionally observed that differentiation of HDAC1 (wt) 

mES cells into neuroectoderm was accompanied by loss of 

m6A marker in mRNA of 28 candidate genes (wtC/wtDif);  

19 candidate genes was characterized by depletion (loss) 

of m6A methylation in HDAC1 (dn) mES cells induced to 

neuroectoderm (dnC/dnDif). Above mentioned candidate  

https://www.biomed.cas.cz/physiolres/pdf/72/72_425_Krejci_S1.xlsx
https://www.biomed.cas.cz/physiolres/pdf/72/72_425_Krejci_S1.xlsx
https://www.biomed.cas.cz/physiolres/pdf/72/72_425_Krejci_S2.xlsx
https://www.ibp.cz/en/research/departments/cellular-biology-and-epigenetics/open-data/krejci-et-al-2023
https://www.ibp.cz/en/research/departments/cellular-biology-and-epigenetics/open-data/krejci-et-al-2023
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Table 2. Changes of m6A mRNA level studied during neuroectodermal differentiation of HDAC1 (wt) and HDAC1 (dn) mES cells by  

RIP-Seq analysis 
 

Cellular process Genes wtC/wtDif dnC/dnDif  wtDif/dnDif Function 

Regulation of histone 

code 

Hdac4 loss 
   

histone deacetylase 

Hdac6 loss    histone deacetylase 

Kdm2a loss    lysine demethylase 

Kdm3a loss    lysine demethylase 

Kdm5a loss    lysine demethylase 

Kdm5b loss loss   lysine demethylase 

Kdm5c loss loss   lysine demethylase 

Kat2a loss    lysine acetytransferase 

Kat6b loss loss   lysine acetytransferase 

Ep300 loss loss   histone acetyltransferase 

Jmjd7 loss loss   arginine/lysine demethylase 

RNA processing Mettl1 
 

loss 
  

methyltransferase of N(7)-methylguanosine in RNA 

Mettl6 loss loss   tRNA m3C methyltransferase 

Mettl9  loss   protein-L-histidine N-pros-methyltransferase 

Mettl16 loss    RNA N6-methyltransferase 

Mettl18 loss loss   histidine-specific methyltransferase 

Mettl26 loss    methlytransferase with unknown function 

Mettl27 loss    ubiE/COQ5 methyltransferase family 

Fto loss    RNA m6A-demethylase 

Wtap loss loss   in m6A methyltransferase complex function 

Virma loss loss   mRNA polyadenylation and mRNA methylation 

Rbm15  loss   regulator of m6A methylation of RNAs 

Rbm15b loss loss   regulator of m6A methylation of RNAs 

Dcp2  loss   mRNA-decapping complex/mRNAs degradation 

Stemness/embryonic 

development 

Nanog loss loss 
  

the self-renewal of embryonic stem cells 

Sox2 loss    regulation of pluripotency and neural differentiation 

Sox4 loss   gain regulation of embryonic development 

Sox12  loss   regulation of embryonic development 

Sox15 loss    regulation of embryonic development 

Neuroectoderm dif. Rest loss loss   repression of neural genes in non-neuronal cells 

Cardiomyogenesis Actn1 
 

gain 
  

F-actin cross-linking protein 

Arvcf loss    role in the formalin of adherens junction complexes 

Cell signaling  Akt1 
 

gain 
  

involve the binding of membrane-bound ligands 

Jak1 loss    tyrosine kinase protein of INF-transduction pathway 

Hes6 loss loss   promotes cell differentiation 

Wnt6  gain   embryonic structures formation and maturation 

Wnt7b  loss   regulation of cell fate and patterning during 

embryogenesis 

 
Table 2 specifies the results shown in Fig. 5A, and colorized loss/gain in the table correspond to the color of intersections of studied 

subsets of genes in Fig. 5A. The table shows the listed names of genes of which m6A mRNA modification underwent changes caused by 

cell differentiation or by HDAC1 depletion. [Abbreviations: (wt): HDAC1 wild type mES cells; (dn): double null HDAC1 mES cells;  

C: control/undifferentiated cells; Dif: cells differentiated into neuroectoderm]. 

 
 

genes and changes in their methylated mRNA are listed in 

Table 2, showing the loss (depletion) and gain 

(upregulation) of m6A mRNA. RIP-Seq analysis 

additionally showed that Actn1, Akt1, and Wnt6 genes 

were an exception; see m6A RNA increased level in 

differentiated HDAC1 (dn) cells (Table 2, Supplement S1 

and Supplement S2). Moreover, 12 genes were unique for 

m6A methylation of their mRNA when studied in 

https://www.biomed.cas.cz/physiolres/pdf/72/72_425_Krejci_S1.xlsx
https://www.biomed.cas.cz/physiolres/pdf/72/72_425_Krejci_S2.xlsx
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differentiated HDAC1 (wt) mES cells (wtC/wtDif, see 

exclusively red frames in Table 2, which correspond to the 

pink intersection between blue and red color in Fig. 5A). 

One of them was the Fto gene, of which mRNA also lost 

the m6A-modification mark during the differentiation of 

HDAC1 (wt). Still, it was not the case for HDAC1 (dn) 

cells. Also, methylation of mRNA encoded by Kdm2a and 

Sox2 genes was reduced not only during the differentiation 

of (wt) mES (wtC/wtDiff) cells but also the same trend we 

observed in HDAC1 (dn) cells (Table 2). Interestingly, 9 

unique genes were characterized by changes 

(preferentially depletion) in m6A RNA studied during 

neuroectodermal differentiation of HDAC1 (dn) cells (see 

exclusively green frames in Table 2 and the intersection of 

the blue and green fields shown in  

Fig. 5A). Both (wt) and (dn) mES cell lines were 

characterized by reduced m6A RNA levels in 13 genes 

when studied during differentiation (see the combination 

of red and green frames in Table 2, and the intersection 

between blue, red and green subsets of genes shown in Fig. 

5A and 5B). Also, we compared control non-differentiated 

(wt) and (dn) mES cells (wtC/dnC), and in this case, there 

was a loss of m6A in mRNA encoded by the Kdm2a gene 

and the Sox2 gene (see exclusively yellow frames in Table 

2 and two genes in the intersection of the blue, red and 

yellow subsets in Fig. 5A). When we compared 

differentiated HDAC1 (wt) and HDAC1 (dn) mES cells 

(wtDif/dnDif), there was an increased level of m6A 

modification in mRNA encoded by the Sox4 gene (see the 

exclusively brown frame in Table 2 and brown subset 

showing one gene in Fig. 5A). 

 

Discussion 

 

We study the functional properties of FTO and 

ALKBH5 proteins, m6A RNA erasers, during mouse 

development, aging, and differentiation processes. In this 

case, an interesting observation represents the FTO  

up-regulation in elder male mice. This phenomenon was 

well-visible in mouse hearts, brains, lungs, and kidneys 

(Fig. 2A-D). Also, the differentiation, especially into 

cardiomyocytes, caused the FTO up-regulation. 

Conversely, we observed ALKBH5 down-regulation in 

mouse hearts and brains during embryonic development. 

Also, Sweaad et al. [81] showed an essential role for  

m6A RNA in prenatal and postnatal development and 

cardiovascular pathophysiology, which should have  

a direct link to the function of FTO and ALKBH5 proteins 

in this process. Mathiyalagan et al. [46] showed that FTO 

is down-regulated in failing mammalian hearts and 

hypoxic cardiomyocytes. Here, we observed that in human 

hearts, there is variability in the FTO protein levels when 

we compared atria and ventricles, which could be caused 

by a distinct heart disease (Fig. 3Aa-c). Also, there is likely 

a connection between a genetic disorder in the 

dysregulation of these proteins and the formation of 

interatrial septal defects and obesity.  

Mathiyalagan et al. [46] documented those 

changes in the FTO level in failing mouse hearts attenuated 

the ischemia-induced increase in m6A RNAs and 

decreased cardiac contractile function. These authors 

claimed that the demethylation activity of FTO carries out 

this pathophysiological event. In beating cardiomyocytes, 

induced experimentally from mES cells via EBs, we also 

showed that cardiomyogenesis is accompanied by changes 

in METTL-like proteins, "epigenetic writers," responsible 

for m6A in RNA. In particular, the distribution of 

METTL3/METTL14 proteins in the cell nucleus and 

cytoplasm differed from those parameters analyzed for the 

METTL16 protein, which is also responsible for N6-

adenosine methylation in distinct types of RNA [16,57]. 

Also, Yang et al. [82] showed that the level of m6A 

modification in RNA was the lowest in the heart of one-

day-old mice. Conversely, heart tissues from 7-day-old 

mice were characterized by the highest global m6A RNA 

level. Here, we show that it is also essential to discriminate 

if the analysis is performed in male or female mice because 

we found that especially the FTO protein is up-regulated 

in old male mice compared with female individuals 

(Fig. 2A-D). 

Also, we studied FTO and ALKBH5 protein 

levels during neurogenesis and observed FTO  

up-regulation during mES cell differentiation into 

neuroectoderm. Xu et al. [83] found that m6A RNA levels 

increased due to the Alkbh5 gene up-regulation observed 

in rat's cerebral cortex after middle cerebral artery 

occlusion and primary neurons after oxygen deprivation/ 

reoxygenation. We found a very low level of the ALKBH5 

protein in mouse brains compared with mES cells, while 

the FTO protein level was relatively high in this tissue. 

These data showed a distinction in the levels when we 

compared FTO and ALKBH5 proteins. According to this 

observation, it seems likely that FTO has a dominant role 

in regulating N6-adenosine methylation in RNA when we 

studied it in mouse brains, especially experimental 

animals' hearts. 

Also, we focused on the Nanog gene functional 

properties that are known to be linked to pluripotency. In 
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this case, we observed a decrease in m6A mRNA encoded 

by the Nanog gene, which we analyzed by RIP-Seq during 

neuroectodermal differentiation of both HDAC1 (wt) and 

HDAC1 (dn) mES cells (Table 2). In parallel, there was an 

increased level of FTO studied during this cell 

differentiation into neuronal pathway (Fig. 4C). To this 

fact, it is well-known that in the differentiation process, the 

Nanog gene is down-regulated [35].  

Our data showed that the m6A RNA "erasers," 

especially FTO, change during cell differentiation. Also, 

aging is accompanied by changes in the FTO protein level, 

but the ALKBH5 level remains relatively stable in the 

organs of aging animals. Here, we show that FTO is an 

essential protein that regulates aging, cardiomyogenesis, 

and neuroectodermal differentiation. To this fact, we 

document that differentiation into neuroectoderm is 

accompanied by a reduced level of N6-adenosine 

methylation in mRNA encoded by genes regulating 

histone code and RNA processing. 
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