
 

 

 

Attachment I 



Appendix to the doctoral thesis: 

ALKBH5 and FTO levels in postnatal development 

Our data demonstrated that demethylases were up-regulated in hearts adapting to chronic 

hypoxia or fasting, both identified as cardioprotective strategies. This discovery led us to explore 

whether similar changes in protein levels of these demethylases occur during postnatal 

development, especially considering the known tolerance of newborns to H/R or I/R injury [1]. For 

this reason, LVs were collected from rats on postnatal days 1, 4, 7, 10, 12, 14, 18, 21, 25, 28, and 90 

(P1-90). The abundance profile of both demethylases had a decreasing pattern during postnatal 

development (Fig. A1). However, while levels of ALKBH5 declined dramatically between P1-P4 with 

further indistinct changes in protein level, FTO decreased gradually throughout the investigated 

period. 

 

Fig. A1: Abundance profile of FTO and ALKBH5 in the left ventricles assessed by Western blot 
with representative Western blot membranes. Expression at P90 was established as 1. Protein 
loading was 15 μg. Values are means ± SD; n = 4-12; Statistical significance related to postnatal day 1: 
* p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001 (One-way ANOVA; Tukey’s multiple 
comparisons test). ALKBH5 – alkB family member 5; FTO – fat mass and obesity-associated protein. 
Modified from Semenovykh et al. [2] (Attachment III). 

Our research, as detailed in this thesis, revealed that ALKBH5 and FTO experience up-

regulation in hearts undergoing adaptation to chronic hypoxia or fasting, which are linked to 

cardioprotective effects. This finding prompted further investigation into whether postnatal 



development also witnesses alterations in the protein levels of these demethylases since an age-

dependent decrease in resistance to hypoxia is well-known [3].  

Indeed, our findings indicate a significant decrease in the levels of both demethylases during 

postnatal heart development, reinforcing the hypothesis that they play a role in cardioprotection. 

These results are in line with other reports. Han et al. [4] showed down-regulation of transcript and 

protein ALKBH5 levels throughout early development (P1, P7, and P10) in a mouse model. Yang et al. 

[5] reported a higher protein level of ALKBH5 at P0 compared to P7 in rats, but they did not observe 

any differences in FTO levels. However, a decreasing pattern of FTO protein expression from P1 to P7 

and P28 was reported by another group in mouse hearts [6]. In pigs, Ferenc et al. showed that FTO 

protein levels were higher in neonatal samples compared to adult ones also in other tissues, 

including skeletal muscle, thyroid gland, or adipose tissue [7]. Interestingly, Krejci et al. [8] showed 

that FTO was up-regulated in the aortas, atria, and ventricles of old (24 months) male rats 

(interestingly not females) compared to young (3 months) males, suggesting a further regulation 

during aging. 
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beta-2-microglobulin (B2m); glyceraldehyde-3-phosphate 
dehydrogenase (Gapdh); hypoxanthine phosphoribosyl-
transferase 1 (Hprt1); nucleoporin like 2 (Nupl2); ribosomal 
protein, large, P1 (Rplp1); succinate dehydrogenase complex 
flavoprotein subunit A (Sdha); translocase of outer mito-
chondrial membrane 22 (Tomm22); DNA topoisomerase I 
(Top1); ubiquitin C (Ubc); tyrosin-3-monooxygenase/tryp-
tophan 5 monooxygenase activation protein zeta (Ywhaz). 
These genes are not specific for the heart and their RNA 
levels in various tissues are available in the NCBI Gene data-
base (https​://www.ncbi.nlm.nih.gov/gene). The preselection 
of our candidate genes was based on the study by Julian et al. 
[5] and further extended by several other common genes 
with various functions that could have stable expression in 
the heart and other tissues [12–14].

In the literature, there is a lack of analysis identifying 
reference genes suitable for hypoxic conditions in heart tis-
sue. The aim of this study was, therefore, to select optimal 
reference genes in heart ventricles of rats adapted to chronic 
hypoxia.

Materials and methods

Animals and adaptation to chronic hypoxia

Adult (12  weeks old) male Sprague–Dawley rats were 
adapted to two degrees of continuous normobaric hypoxia 
without reoxygenation (CNH 10% O2, n = 6; CNH 12% O2, 
n = 6) for 3 weeks in a normobaric chamber equipped with 
hypoxic generators (Everest Summit, Hypoxico, NY). For 
each respective adaptation group, there was the control 
group of animals which were kept under normoxic condi-
tions at room air for the same period of time. All the animals 
were kept under standard light and feeding conditions (12:12 
light/dark cycle, with access to tap water and chow diet 
[Altromin, 1324, Velaz] ad libitum). After the adaptation, 

the animals were killed by cervical dislocation, hearts were 
excised, washed in cold (0 °C) saline and dissected into the 
LV, the RV and the septum. The tissue was immediately 
snap-frozen in liquid nitrogen and stored at − 80 °C. The 
experimental protocols were approved by the Animal Care 
and Use Committee of the Institute of Physiology of the 
Czech Academy of Sciences (75/2016) and were in accord-
ance with Directive 2010/63/EU of the European Parliament 
on the protection of animals used for scientific purposes.

RNA isolation, cDNA synthesis and RT‑qPCR analysis

Total cellular RNA was extracted from each LV and RV 
sample using RNAzol® RT (Sigma-Aldrich, USA) accord-
ing to the manufacturer’s instructions. The concentration 
of total RNA was measured on NanoDrop 1000 (Thermo 
Fisher Scientific, USA). The total RNA samples were treated 
by DNase I (Sigma-Aldrich, USA) to prevent DNA con-
tamination. One µg of total RNA was used to synthesize 
first-strand cDNA using RevertAid H Minus First-Strand 
cDNA Synthesis Kit (Thermo Fisher Scientific, USA) and 
random primers according to the manufacturer’s protocol. 
RT-qPCR was performed in triplicates of 20 μL reaction 
volume on a LightCycler® 480 (Roche Diagnostics, Switzer-
land) using SYBR Green primers (Sigma-Aldrich, USA) and 
LightCycler® 480 SYBR Green I Master (Roche Diagnos-
tics, Switzerland) according to the manufacturer’s instruc-
tions with the following temperature profile: preincubation 
and enzyme activation (12 min at 95 °C) followed by 45 
cycles of amplification (10 s at 95 °C, 30 s at 60 °C and 
25 s at 72 °C). The specificity of primers was tested by melt-
ing curve analysis. Second Derivative Maximum method 
was used for identifying the Cq values. Data were analyzed 
in accordance with instructions from qPCR courses per-
formed by TATAA Biocenter (http://www.tataa​.com/cours​
es/). Candidate reference genes are shown in Table 1 and 
their corresponding primer sequences are listed in Table 2.

Table 1   Candidate reference 
genes evaluated in this study

Gene symbol Gene name GeneID

Actb Actin beta 81822
B2m Beta-2 microglobulin 24223
Gapdh Glyceraldehyde-3-phosphate dehydrogenase 24383
Hprt1 Hypoxanthine phosphoribosyltransferase 1 24465
Nupl2 Nucleoporin like 2 499974
Rplp1 Ribosomal protein, large, P1 140661
Sdha Succinate dehydrogenase complex flavoprotein subunit A 157074
Tomm22 Translocase of outer mitochondrial membrane 22 300075
Top1 DNA topoisomerase I 64550
Ubc Ubiquitin C 50522
Ywhaz Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation 

protein zeta
25578
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Evaluation of candidate reference genes

The stability of reference genes was evaluated by Nor-
mFinder [15], geNorm [8] and BestKeeper [16] algorithms. 
First, the intra- and intergroup variations for each gene were 
analyzed by NormFinder and unsuitable genes that showed 
bias (variations > 0.25) were excluded from further analyses 
[17]. Stability values were then calculated by NormFinder 
and geNorm algorithms using GeNex (MultiD, Sweden), 
software for qPCR data processing and analysis (http://
genex​.gene-quant​ifica​tion.info/). Standard deviations (SD) 
of candidate reference genes Cq values were obtained by 
BestKeeper software tool, where the best reference genes 
are with the lowest SD. The final consensus was obtained by 
the calculation of the geometric mean of the three ranking 
values for each reference gene resulting in an overall stabil-
ity score [8, 18].

Results

Expression of 11 reference gene candidates was evaluated in 
heart tissue samples (LV and RV) from 24 rats (12 adapted 
to CNH, 12 controls) using RT–qPCR. Figure 1 shows the 
variation in candidate reference gene expression in all sam-
ples. The candidate reference genes are arranged by their 
respective abundance (lower Cq indicates higher mRNA 
abundance). Table 3 shows the rankings of the candidate 
reference genes for each particular algorithm (NormFinder, 
geNorm and BestKeeper) and overall ranking, which is the 
geometric mean of these three ranking values, for the LV. 
Table 4 shows the rankings for the RV. The candidate ref-
erence genes are arranged by their final ranking value. To 
have at least two reference genes common for both heart 
ventricles and both degrees of chronic hypoxia, we selected 
top five genes in each group.

Regarding the LV, Sdha in CNH (12% O2) and Rplp1, 
Gapdh, Hprt1 and Ubc in CNH (10% O2) showed bias 

in their intra- or intergroup variations and were excluded 
from the analyses. The top five of the remaining genes are 
Top1, Nupl2, Rplp1, Ywhaz and Hprt1 in CNH (12% O2) 
and Top1, Ywhaz, Sdha, Nupl2, Tomm22 in CNH (10% O2). 
Reference genes suitable for both degrees of hypoxia are 
therefore Top1, Ywhaz and Nupl2.

Concerning the RV, Sdha, Tomm22, B2m and Actb in 
CNH (12% O2) and Ywhaz, Rplp1, B2m, Ubc, Actb and 
Sdha in CNH (10% O2) showed bias in their intra- or inter-
group variations and were excluded from the analyses. The 
top five of the remaining genes are Hprt1, Nupl2, Gapdh, 
Top1 and Rplp1 in CNH (12% O2) and Tomm22, Gapdh, 
Hprt1, Nupl2 and Top1 in CNH (10% O2). Reference genes 
suitable for both degrees of hypoxia are therefore Hprt1, 
Nupl2, Gapdh and Top1.

Table 2   Primer sequences for 
RT-qPCR

Gene symbol Forward primer (5′–3′) Reverse primer (5′–3′)

Actb AAG​ACC​TCT​ATG​CCA​ACA​C TGA​TCT​TCA​TGG​TGC​TAG​G
B2m ACT​GGT​CTT​TCT​ACA​TCC​TG AGA​TGA​TTC​AGA​GCT​CCA​TAG​
Gapdh CAC​CAT​CTT​CCA​GGA​GCG​AG GGC​GGA​GAT​GAT​GAC​CCT​TT
Hprt1 ACT​GGT​AAA​ACA​ATG​CAG​AC CCT​GAA​GTG​CTC​ATT​ATA​GTC​
Nupl2 CAG​AGC​TAT​CTA​AAC​TCT​GTTC​ CTG​CAT​CCT​TTA​AGT​CAG​AG
Rplp1 CGG​AGG​ATA​AGA​TCA​ATG​C CTA​CAT​TGC​AGA​TGA​GGC​
Sdha ACT​ATT​ATT​GCT​ACT​GGG​GG CTG​AAC​AAA​TTC​TAA​GTC​CTGG​
Tomm22 GAG​CTA​GAT​GAG​ACC​CTA​TC CCC​TGG​AAA​ATC​TGT​ACA​TC
Top1 CAC​CAA​AGA​CCT​TTG​AGA​AG TGA​CTC​TAC​TAC​CTT​CTT​GG
Ubc TGA​CAA​TGC​AGA​TCT​TTG​TG ACT​CCT​TCT​GGA​TGT​TGT​AG
Ywhaz TGA​CAA​GAA​AGG​AAT​TGT​GG GGA​GTT​CAG​GAT​CTC​ATA​GTAG​

Fig. 1   Variation in candidate reference gene abundance across all 
samples. Box-and-whiskers plot shows the Cq values obtained from 
RT-qPCR of each gene analyzed in a total of 48 heart samples from 
24 animals. Boxes indicate median (Q2) and quartiles first and third 
(Q1 and Q3) and whiskers correspond to the minimum and maximum 
values. Lower Cq values indicate more abundant expression in the rat 
myocardium
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fifth highest stability in the LV at the milder CNH degree. 
Actb is not among our recommended genes.

Concerning rodent models, reference genes were analyzed 
in the mouse hearts at different stages of ontogenetic devel-
opment and after myocardial infarction. It has been shown 
that normalizing to Gapdh may abolish significance in the 
target gene expression previously observed after normaliz-
ing to reference genes which were confirmed to be stable 
[36]. Other authors even considered Gapdh, B2m and Actb 
selectively up- or downregulated after myocardial infarction 
in mice, whereas Hprt1 is thought to be stable [37]. On the 
contrary, another group studied reference genes for heart 
failure and confirmed Gapdh as stable in mouse, but unsta-
ble in rats [26]. Vesentini et al. [9] studied reference genes in 
a rat model of I/R and suggested that gene expression should 
be assessed separately in each region – I/R region (IRR) of 
the LV, infarction remote region (RR) of the LV and also the 
RV. Recommended genes included Ywhaz (IRR) and Hprt1 
(RR and RV). Actb and Gapdh were not amongst the recom-
mended genes. In obese rats, Sdha and Hprt1 were found 
to be stable in heart tissue [27]. Julian et al. [5] evaluated 
reference genes in the LV of rats adapted to chronic inter-
mittent hypoxia (CIH) simulating obstructive sleep apnea 
(repeated brief cycles of severe hypoxia and normoxia; 8 h 
a day; 6 weeks followed by 2 weeks recovery in normoxia). 
They found that Gapdh is the most stable reference gene, 
followed by Actb, B2m, Hprt and 18S rRNA, respectively. 
All of the tested genes were considered suitable for use as 
reference genes by this group; only 18S was inadvisable for 
normalization. In rats adapted to a different model of CIH 
(oxygen level corresponding to the altitude of 7000 m for 
8 h a day; 5 days a week; 24 exposures), several reference 
genes, including Gapdh, Actb and Ubc, were tested in the 
heart tissue. The most stable of the tested genes was Gapdh 
followed by Ubc. Actb was the least stable gene in this case 
[28]. In our study, Actb, B2m and Ubc did not make it to the 
best five reference genes. Hprt1 and Gapdh showed good 
stability in the RV, and Hprt1 was also ranked fifth in the 
LV samples from animals adapted to the milder of the two 
CNH degrees. Sdha reached top five only in the LV under 
CNH 10% O2. These differences could be due to the choice 
of different candidate genes or it could also be due to differ-
ent experimental protocols. Here, we show that even minor 
alterations in the experimental protocol may lead to variation 
in reference genes: a decrease in oxygen level from 12% to 
10% changed the optimal reference genes in the RV. The 
only study looking for reference genes in the hearts of rats 
adapted to CNH (12% O2; 4 weeks) was made by Bohusla-
vova et al. [29]. This group highlighted the constant expres-
sion of Hprt1, leaving behind Actb, B2m, Gapdh, Ywhaz, 
18S rRNA and other candidate genes. Our results confirmed 
that Hprt1 is the best choice for normalization at 12% O2 for 
the RV. Regarding LV, Hprt1 was ranked fifth at 12% O2. 

Interestingly, Tomm22 and Gapdh were more stable in the 
RV then Hprt1 at 10% O2 and Hprt1 in the LV was unstable 
according to our data.

After exclusion of genes with bias in intra- or intergroup 
variations, geNorm stability values (called M values) of all 
remaining genes were 0.265 or lower in our experiments. M 
values below 0.5 are typically observed for stably expressed 
reference genes and even genes with M values up to 1.0 
can be used as reference genes in heterogeneous tissues 
[38]. Every gene included in our final ranking is therefore 
relatively stable under our experimental conditions. In spite 
of that, some reference genes are more suitable for the LV 
then for the RV and vice versa. Moreover, optimal reference 
genes also differ in the two degrees of CNH.

This study provides a validation of reference genes in the 
heart ventricles of rats adapted to two degrees of chronic 
hypoxia and show that reference gene studies are not gener-
alizable not only between different tissues but also between 
similar experimental protocols. It is, therefore, strongly 
advised to make a reference gene study prior to target gene 
expression analysis for each experimental setting. For nor-
malization in chronically hypoxic rat heart ventricles, we 
recommend usage of reference genes Nupl2 and Top1.
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Summary 
N6-methyladenosine (m6A) is an abundant mRNA modification 
affecting mRNA stability and protein expression. It is a highly 
dynamic process, and its outcomes during postnatal heart 
development are poorly understood. Here we studied m6A 
machinery in the left ventricular myocardium of Fisher344 male 
and female rats (postnatal days one to ninety; P1-P90) using 
Western Blot. A downward pattern of target protein levels 
(demethylases FTO and ALKBH5, methyltransferase METTL3, 
reader YTHDF2) was revealed in male and female rats during 
postnatal development. On P1, the FTO protein level was 
significantly higher in males compared to females. 
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Introduction 
 

Epigenetic changes have significant importance 
during both heart development and the manifestation of 
heart diseases [1]. However, the role of 

epitranscriptomics, RNA epigenetics, has not yet been 
sufficiently explored in this area.  

N6-methyladenosine (m6A) is the most prevalent 
internal chemical mark in mRNA. It is a dynamic and 
reversible modification that regulates RNA splicing, 
export from the nucleus, stability, and degradation [2]. 
The deposition of m6A methylation is mediated by 
proteins called “writers”. The most prominent one is 
methyltransferase-like 3 (METTL3), the catalytic subunit 
of a multicomponent methyltransferase complex [3]. In 
contrast, fat mass and obesity-associated protein (FTO) 
and alkB homolog 5 (ALKBH5) are “erasers” with the 
principal function of removing the m6A modification 
[4,5]. Besides m6A, FTO also demethylates m6Am,  
the main target of FTO in the cytosol, and  
N1-methyladenosine (m1A) in tRNA [6]. The biological 
functions of m6A are mediated by "readers" that bind to 
m6A-containing RNAs. YTH domain family 1-3 
(YTHDF1-3) proteins are eminent m6A readers that all 
induce mRNA degradation [7]. The expression patterns 
of YTHDF paralogs differ across different cell types and 
tissues. Therefore, the dominant decay-inducing role is 
usually carried by the most abundant reader in particular 
cells. Importantly, YTHDF2 is often more highly 
expressed than YTHDF1 or YTHDF3 [7].  

The m6A modification seems to have significant 
importance in the developing heart. Disruption in the 
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proper functionality of m6A machinery proteins can lead 
to critical alterations in heart structure and function. For 
example, loss of enzymatic activity of FTO can lead to  
a ventricular septal defect, atrioventricular defect, and 
hypertrophic cardiomyopathy in humans [8]. Moreover, 
according to Su et al. [9], FTO levels drop in elderly 
murine hearts in response to acute myocardial 
ischemia/reperfusion injury, while those in young hearts 
are unaffected. The function of ALKBH5 is linked with 
an improvement in cardiac function and regeneration 
after myocardial infarction in juvenile and adult mice 
[10]. Recent reports also show progressive alterations in 
m6A levels during heart development [10-13]. However, 
there is a lack of data regarding the detailed m6A 
machinery protein profiles in heart tissue during postnatal 
development and potential sex differences.  

This pilot study aimed to investigate sex-specific 
changes in main m6A regulatory protein levels during 
postnatal development. 

This study was conducted in accordance with the 
European Guidelines on Laboratory Animal Care. The 
use of animals was approved and supervised by the 
Animal Care and Use Committee of the Institute of 
Physiology of the Czech Academy of Sciences  
(No. 66/2021). 

Animals: Fischer344 rats used for the 
experiments were bred and kept in the Faculty of Science 
of Charles University and sacrificed on postnatal days (P) 
1, 4, 7, 10, 12, 14, 18, 21, 25, 28, and 90 with n = 4-12 in 
each group (Table 1). The higher number of individual 
samples in the early postnatal period was used because of 
their limited size. Rats were housed on a 12 h light/dark 
regime and were given unrestricted access to food and tap 
water. 

Tissue processing: Hearts were dissected into the 
right ventricle (RV) and left ventricle (LV) with septum 
and frozen in liquid nitrogen. Due to the limited size of 
the early postnatal LVs, all samples were grouped 
considering their age and sex and homogenized in eight 
volumes of ice-cold homogenization buffer (12.5 mM 
Tris, 2.5 mM EGTA, 250 mM sucrose, 6 mM 
β-mercaptoethanol, pH 7.4) with the addition of the 
protease and phosphatase inhibitor cocktail (Roche 
Diagnostics, Switzerland) as described previously [14]. 
The protein concentration (Table 1) was measured using 
the Bradford assay (Bio-Rad, USA). Protein 
concentration was significantly lower at P1 compared to 
other days in both sexes. In males, the protein 
concentration increased gradually from P1 to P7, while in 

females there was a dramatic change between P1 and P4. 
The differences in protein concentration indicate 
significant changes in the ratio of dry mass to water in 
heart tissue in the early postnatal period. Our observation 
is in agreement with the already reported rapid postnatal 
decline in water content in heart tissue [15].  

 
 

Table 1. The number of animals in pooled samples and 
concentration of total protein in samples of male and female rat 
hearts. 
 

Samples 
Number  

of animals  
Concentration 

(µg/µl) 
SD 

Males 

P1 11 5.39 0.96 
P4 10 8.35 1.46 
P7 4 10.81 0.06 
P10 4 10.09 0.40 
P12 5 10.62 1.25 
P14 4 10.58 1.76 
P18 5 12.07 0.13 
P21 5 11.27 0.30 
P25 5 11.92 0.40 
P28 5 11.78 0.86 
P90 4 13.23 1.85 

Females 

P1 9 6.43 0.87 
P4 12 11.82 1.92 
P7 6 11.54 2.52 
P10 6 10.18 1.58 
P12 4 10.75 0.60 
P14 5 10.47 1.76 
P18 5 10.82 1.87 
P21 5 10.32 1.44 
P25 5 11.73 2.15 
P28 5 12.37 0.96 
P90 5 11.86 1.44 

 
P – postnatal day; SD – standard deviation 
 
 

Immunoblotting: Proteins were separated by 
SDS-PAGE electrophoresis (10% gels) and transferred to 
polyvinylidene fluoride (PVDF) membranes (BioRad, 
USA; 1620177). The membranes were blocked using 5 % 
dry low-fat milk in Tris-buffered saline with Tween 20 
(TBST) for 1 h at room temperature and incubated 
overnight at 4 °C with primary antibodies against: FTO 
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[5-2H10] (Abcam, UK; ab92821, 1:1,000), ALKBH5 
[EPR18958] (Abcam, UK; ab195377, 1:1,500), METTL3 
[EPR18810] (Abcam, UK; ab195352, 1:1,000), YTHDF2 
(Invitrogen, USA; PA5-70853, 1:1,000). The membranes 
were subsequently incubated for 1 h at room temperature 
with secondary anti-rabbit (Bio-Rad, USA; 170-6515, 
1:10,000) or anti-mouse (Invitrogen, USA; 31432, 
1:10,000) antibodies. The chemiluminescence was 
measured by ChemiDocTM System (Bio-Rad, USA). 
Ponceau S staining (Sigma-Aldrich, USA; P7170) was 
used as a loading control. It was shown as an effective 
way of normalization of samples of different 
developmental phases [16]. Both male and female protein 
levels were expressed as fold change over the 
corresponding P90 male signal (equal to 1). Female 
protein levels were recalculated to relevant P90 male 
signals to enable the quantification of sex-dependent 
differences. 

Statistics: All statistical analyses were performed 
using GraphPad Prism 8 (GraphPad Software, Inc.). One-
way ANOVA with Tukey’s multiple comparisons test 
was used for the assessment of the statistical significance 
within sex. Two-way ANOVA with Tukey’s multiple 
comparisons test was used for the assessment of the 
statistical significance of sex differences. The data were 
obtained from at least three experiments and are 
displayed as means ± standard deviation (SD). Results 
were recognized as statistically significant when P < 0.05 
(*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001).   

Protein level profiles of m6A machinery during 
postnatal development in male and female hearts: To 
investigate protein levels during postnatal development, 
we performed a western blot of LV tissue lysates 
collected from rats on postnatal days 1, 4, 7, 10, 12, 14, 
18, 21, 25, 28, and 90. We examined the erasers (FTO, 
ALKBH5), writer (METTL3), and reader (YTHDF2) 
proteins of m6A modification. YTHDF2 was chosen 
because of its highest expression among the paralogs in 
male LV (with the lowest Cq value indicating the highest 
gene abundance of Ythdf2 (25.20 ± 0.47) compared to 
Ythdf1 (25.91 ± 0.25) and Ythdf3 (25.59 ± 0.64)). Firstly, 
we revealed that the abundance profile of all target 
proteins had a decreasing pattern during postnatal 
development (P1-P90) (Fig. 1). ALKBH5 and YTHDF2 
declined dramatically between P1-P4 with further 
indistinct changes in protein levels. FTO and METTL3 
protein expression dropped gradually throughout the 
investigated period. Concerning sex-related differences, it 
was found that the FTO level is significantly higher (by 

40.6 ± 21.4 %) at P1 in males compared to females.  
Our present study provides insights into the 

dynamics of m6A eraser, writer, and reader protein levels 
through postnatal development from P1 to P90 in rat left 
ventricles of both sexes. We showed that all proteins 
revealed a downward expression pattern with either  
a dramatic drop during the first critical period from P1 to 
P4 (ALKBH5 and YTHDF2) or a gradual decline till 
adulthood (FTO, METTL3). The decreasing patterns of 
METTL3 and ALKBH5 levels correspond to previously 
published reports [10,12]. Han et al. [10] utilized a mouse 
model and analyzed hearts at P1, P7, and P10. They 
showed the downregulation of protein and gene levels of 
ALKBH5 throughout this early developmental period. 
Also, Yang et al. [12] found a higher protein expression 
of ALKBH5 and METTL3 at P0 than at P7 in the rat 
heart, while the FTO level remained unchanged. In 
contrast, Yang et al. [13] found that the METTL3 level in 
mouse hearts is higher at P7 and P28 compared to P1. 
FTO protein level revealed a similar decreasing pattern as 
was observed in our study, its level at P1 was higher than 
at P7 and P28 [13]. Utilizing the porcine model, Ferenc  
et al. [17] showed differences in FTO expression between 
neonatal samples and adult ones in other tissues: skeletal 
muscle along with the thyroid gland and adipose tissue 
displayed the higher FTO signal in the neonatal period.   

Interestingly, we observed that the FTO protein 
level in males is higher than in females at P1. The sex-
dependent differences provoked by Fto level disruption 
were found in several reports. For example, sex-specific 
changes in body weight were observed upon 
overexpression of Fto in mice, with females showing  
a slightly higher weight gain than males [18]. At the time 
of weaning, both male and female Fto knockout mice 
were about 65 % the weight of wild-type and 
heterozygous littermates. Nevertheless, Fto knockout 
male mice displayed persistent weight loss throughout 
their life, while female Fto knockout tended to make up 
the weight deficit by adulthood [19]. It may suggest  
a more significant role of FTO during the embryonic and 
early neonatal period in males that is in line with our 
data, where at P1 FTO level was higher in male samples 
than in female ones. 

In conclusion, this study thoroughly assessed the 
protein levels of m6A machinery in rat LVs of both sexes 
during postnatal development. A downward pattern of all 
target protein levels was revealed in both sexes. 
Moreover, the FTO protein level was significantly higher 
in males compared to females on P1. 
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Fig. 1. The protein levels of the m6A regulators in male and female rat hearts. A) Immunoblot analysis and multiple comparisons of the 
immunoblotting data of fat mass and obesity-associated protein (FTO), alkB homolog 5 (ALKBH5), methyltransferase-like 3 (METTL3), 
and YTHDF2 (YTH domain family 2) in LV tissue homogenates from P1-P90 male rats. B) Representative western blot membranes 
displaying FTO, ALKBH5, METTL3, and YTHDF2 protein levels in LV tissue homogenates from P1-P90 male rats and the representative 
total protein Ponceau S staining. C) Immunoblot analysis and multiple comparisons of the immunoblotting data of FTO, ALKBH5, 
METTL3 and YTHDF2 in LV tissue homogenates from P1-P90 female rats. D) Representative western blot membranes displaying FTO, 
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ALKBH5, METTL3, and YTHDF2 protein levels in LV tissue homogenates from P1-P90 female rats and the representative total protein 
Ponceau S staining. Homogenates were pooled with n = 4-12 in each group (details in Table 1). All the protein expression levels were 
normalized to Ponceau S staining. Both male and female protein levels were expressed as fold change over the corresponding P90 male 
signal (equal to 1). Experiments were performed independently three times. Protein loading was 15 µg. *P < 0.05, **P < 0.01,  
***P < 0.001, ****P < 0.0001 (One-way ANOVA; Tukey’s multiple comparisons test). #P < 0.01 compared to corresponding P1 males 
(Two-way ANOVA with Tukey’s multiple comparisons test). MWM – molecular weight marker, P – postnatal day, PC – positive control 
(rat brain). 
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