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ABSTRACT
Background:  NOP2/Sun RNA methyltransferase 5 (NSUN5) is an RNA methyltransferase that has a 
broad distribution and plays critical roles in various biological processes. However, our knowledge 
of the biological functions of NSUN5 in mammals is very limited. Therefore, in this study, we 
investigate the role of NSUN5 in mice.
Methods:  In the present research, we built a mouse model (Nsun5-/-) using the CRISPR/Cas9 
system to investigated the specific role of NSUN5.
Results:  We observed that Nsun5-/- mice had a reduced body weight compared to wild-type mice. 
Additionally, their survival rate gradually decreased to 20% after postnatal day (PD) 21. Further 
examination revealed the Nsun5-/- mice had multiple organ damage, with the most severe damage 
occurring in the kidneys. Moreover, we observed glycogen deposition and fibrosis, along with a 
notable shorting of the primary foot processes of glomeruli in Nsun5-/- kidneys. Furthermore, we 
found that the kidneys of Nsun5-/- mice showed increased expression of the apoptotic signal 
Caspase-3 and accumulated stronger DNA damage at PD 21.
Conclusions:  In our study, we found that mice lacking NSUN5 died before puberty due to kidney 
fatal damage caused by DNA damage and cell apoptosis. These results suggest that NSUN5 plays 
a vital role in preventing the accumulation of DNA damage and cell apoptosis in the kidney.

Introduction

RNA modifications play a crucial role in regulating gene 
expression and are implicated in the pathogenesis of various 
diseases [1]. There are over 100 chemical modifications  
of RNA, RNA methylation is an important epigenetic modi
fication. Recent studies on RNA methylation have mainly 
focused on the N6-methyladenosine (m6A) modification, but 
very little is known about the 5-methylcytosine (m5C) [2]. 
m5C is a prevalent and conserved modification found in  
different types of RNA, including transfer RNA, mRNA,  
ribosomal (r) RNA and other types of noncoding RNA [1,3]. 
The modification process of m5C is mainly mediated by 
three types of proteins: methyltransferases (writers), demeth-
ylases (erasers), and binding proteins (readers). The methyl-
transferases of m5C use S-adenosylmethionine as the methyl 

donor and transfer the methyl group to cytosine, forming 
m5C [4]. There are over 10 known RNA m5C methyltransfer-
ases, including members of the NOP2/Sun domain (NSUN) 
family [5,6]. These RNA m5C methyltransferases, which are 
well-known, have been found to regulate various conditions 
such as glial scaffolds, Williams-Beuren syndrome, and lifes-
pan [6–8].

Recently, there has been extensive and in-depth research 
on the NSUN protein family. This family consists of a total of 
9 proteins in human [9]. Studies have shown that seven 
members of this family (NSUN1 to NSUN7) have potential 
functional domains for m5C methyltransferases [10]. In partic-
ular, the nucleolar protein NSUN1 is capable of binding 
directly to 60-80S preribosomal particles and catalyzing the 
methylation of C4447 to m5C in human 28S rRNA and C2870 
in yeast 25S rRNA [11]. Another member, NSUN2, is an RNA 
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m5C methyltransferase for mRNA, tRNA and some noncoding 
RNA in eukaryotes [12]. NSUN3 is responsible for catalyzing 
m5C at C34 of mt-tRNAMet, which is essential for f5C34 forma-
tion by the dioxygenase ABH1 in human and mouse mito-
chondria [13,14]. Subsequent studies have shown that NSUN4 
can independently methylate C911 in 12S rRNA (m5C911)  
of human mitochondria [15]. NSUN6 has also been identified 
as a potential protein methyltransferase, with reports of 
NSUN6-dependent and LncRNA-mediated methylation at the 
Lys59 position of MST1 (serine/threonine kinase) [16]. Finally, 
NSUN7, an m5C RNA methyltransferases, is found to undergo 
epigenetic inactivation in liver cancer, leading to the incor-
rect methylation of mRNA [17].

The m5C RNA methyltransferase NSUN5 is a conservative 
RNA methyltransferase belonging to the NSUN domain family 
[18,19]. Recent research findings that NSUN5 plays the role of 
the ‘writer’ of m5C methyltransferase, playing an important 
role in the regulation of mRNA splicing, translation, and sta-
bility [20]. However, knowledge regarding the function and 
transcriptome-wide distribution of NSUN5 remains extremely 
limited. Zhang et  al. recently reported that single-gene 
Nsun5 knockout homozygous mice exhibit spatial cognitive 
defects [21]. A new study demonstrates that NSUN5 sup-
presses ferroptosis in bone marrow-derived mesenchymal 
stem cells through interaction with TRAP1 and m5C modifica-
tion of FTH1 and FTL mRNA [22]. However, the role of NSUN5 
in the kidney remains unclear. Therefore, studies in different 
cell types, tissues, and organs are necessary to gain insight 
into possible functions of this modification and its implica-
tions for other regulatory processes.

In this study, in order to investigate the role of NSUN5 in 
mice, we utilized the CRISPR/Cas9 system to create a mouse 
model (Nsun5-/-). We studied the phenotype of the Nsun5-/- 
mice, as well as the mechanisms though which NSUN5 plays 
a role. Our findings highlight the crucial role of NSUN5 in 
preventing the accumulation of DNA damage and cell apop-
tosis in the kidney.

Materials and methods

Generation of Nsun5 null mice

The mice were maintained at a temperature range of 23 ± 2 °C, 
with a humidity range of 55 ± 5%, with a 12 h light/dark cycle 
in the Animal Center of Shandong Normal University. They 
were provided with unrestricted access to food and water. All 
animal experiments were carried out in compliance with the 
Guidelines for the Care and Use of Laboratory Animals of 
Shandong Normal University and were authorized by the 
Animal Ethics Committee of Shandong Normal University 
(No: AEECSDNU2021036).

The CRISPR/Cas9 genome editing system was used to 
generate the Nsun5 knockout mouse model (Nsun5-/-).  
We employed CRISPR technology to induce a targeted  
disruption of the protein coding region of the Nsun5 gene. 
In mouse zygotes, the DNA repair mechanism known as 
non-homologous end joining (NHEJ) was utilized, resulting  

in a deletion within the protein coding region. This deletion 
effectively inactivated the Nsun5 protein, thereby achieving 
the objective of knocking out the Nsun5 gene. The most 
recent version of the spCas9.1 enzyme was employed to 
cleave the genomic DNA. Specifically, exon3-4 (73–167 amino 
acids) spans a length of 284 base pairs, which is not divisible 
by three. This exon is situated within the conserved func-
tional domain known as the Methyltr_RsmF_N superfamily 
(95–424 amino acids). Consequently, deleting the exon3-4 
segment would result in the complete loss of the gene’s 
function. Therefore, Cas9 target sites were strategically 
designed flanking exon3-4 with the intention of removing 
approximately one kilobase of the genome, thereby facilitat-
ing the knockout of the Nsun5 gene. Subsequently, the guide 
RNA transcribed in vitro was injected into the cytoplasm of 
the zygote with a C57BL/6J genetic background to generate 
founder mice. The specific sequences of the guide RNAs used 
in this study are as follows:

Nsun5-L3: CCAGCATTACAAAAAGACGTTTTAGAGCTAGAA 
ATA G C A A G T TA A A ATA A G G C TA G T C C G T TAT C A 
AC T TGAAAAAGTGGCACCGAGTCGGTGC T T T T T T T; 
Nsun5-R2: GTGCAGTCTGTAATCTTAGTTTTAGAGCTAGA 
AATAGCAAGT TAAAATAAGGC TAGTCCGT TATCAAC 
TTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT

The founder mice were utilized for the purpose of breed-
ing in order to establish a genetically stable mice lacking the 
Nsun5 gene (Nsun5-/-). Genomic DNA was extracted from 
mouse tail biopsies and subsequently subjected to PCR 
amplification for genotyping purposes. The PCR amplification 
showed successful Nsun5 knockout. The pups were identified 
through PCR followed by sequence analysis using the follow-
ing primers:

F: CAGGAAGGGCTAAGTAGGACGA;

Wild Type (WT)-R: CTTGTTGGAGACTCTGGGTTC;

R: TCCGTAACAAGATCTGACGC

Each reaction mix contained 12.5 μL of 2X buffer, 1 μL 
each of primer(F/R), 5 μL of DNTPs, 0.5 μL of KOD FX (TOYOBO, 
KFX-201), 2 μL of DNA template, and 4 μL of ddH2O. The PCR 
conditions were as follows: initial denaturation at 94 °C for 
2 min, 35 cycles of 98 °C for 10 s, 60 °C for 30 s, and 68 °C for 
30 s, followed by a final extension at 68 °C for 10 min. The 
study was conducted using both male and female mice for 
the analysis.

The mice obtained after genotype identification were 
divided into an experimental group and a control group, 
each containing five cages, with a male to female ratio of 
1:2. Subsequently, the birth and survival of mice were 
observed and recorded daily for a total of eight months. The 
number of surviving mice were counted at birth and then 
again at postnatal day (PD) 21. The ratio of the two was con-
sidered the survival rate. During this period, each mouse was 
individually weighed to obtain its body weight using an elec-
tronic scale. At PD 21, mice observed to be in extremely 
poor condition were euthanized by neck dislocation and 
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then dissected. The kidneys, liver, lungs, and heart were 
weighed using an electronic scale, snap-frozen in liquid nitro-
gen, and stored in a −80 °C freezer for future tissue section-
ing and protein extraction.

Hematoxylin-Eosin (H&E) staining analysis

Mouse kidneys were dissected and fixed overnight in 4% 
paraformaldehyde at 4 °C. The fixed samples were processed 
using ascending grades of alcohol for dehydration (55%, 
65%, 75%, 85%, 95%, 100%) and xylol for clearing, followed 
by embedding in paraffin wax to obtain blocks. The fixed tis-
sues were then embedded in paraffin and cut into slices. The 
sections were deparaffinized and rehydrated using a 
xylene-alcohol gradient before being equilibrated to room 
temperature. After dewaxing under the aforementioned con-
ditions, tissue sections were then stained with hematoxylin 
stain solution (Servicebio, Wuhan, China) for 5s. Rinse in run-
ning tap water. Re-dyeing with eosin stain solution 
(Servicebio) for 10s. Subsequently, the samples were dehy-
drated using an alcohol gradient and transparentized twice 
using xylene prior to being mounted with neutral gum 
(Biosharp). The morphology of the kidney was observed 
using an automatic digital slice scanner (Panoramic MIDI II, 
3Dhitech, Hungary).

Periodic acid-Schiff (PAS) staining analysis

After dewaxing under the aforementioned conditions, then 
100 μl of Periodic Acid solution was added to each sample. 
After incubating for 10 min in a dark, humid chamber, the 
Periodic Acid solution was removed, and the sections were 
washed for 5 min on a shaker in distilled water. Next, 100 μl 
of Schiff’s reagent (Servicebio) was added to each sample, 
and they were incubated in a humid chamber at 37 °C in the 
dark for 30 min to 1 h. Then, 100 μl of hematoxylin staining 
solution was added to each sample and left to stain for 30 s. 
Finally, the samples were dehydrated using an alcohol gradi-
ent, cleared with xylene twice, and mounted using neutral 
resin (Biosharp, Anhui, China). The morphology of the kidney 
was observed using an automatic digital slice scanner 
(Panoramic MIDI II, 3Dhitech, Hungary).

Sirius Red staining analysis

The kidney tissue was fixed in 4% paraformaldehyde and 
dehydrated using graded ethanol, then embedded in paraffin 
to produce 7 μm-thick tissue sections. Prior to pathological 
staining, the sections were baked in a 65 °C oven for 10 min 
and then deparaffinized with xylene and rehydrated with 
graded ethanol. After that, the tissue sections were stained 
with Sirius Red (Solarbio, Beijing, China) for 1 h, rinsed with 
running water to remove excess dye from the surface, and 
stained with hematoxylin (Servicebio) for 20–30 s to stain the 
nuclei. Excess dye was then removed with running water, 
and the sections were dehydrated with graded ethanol and 

made transparent using xylene twice before being fixed with 
neutral resin (Biosharp). Collagen fiber deposition of the kid-
ney tissues in each group was observed under a light micro-
scope (Panoramic MIDI II).

Transmission electron microscopy analysis

For transmission electron microscopy (TEM) analysis, we iso-
lated kidney samples of size 1 mm3. These samples were 
fixed in 2.5% glutaraldehyde at room temperature for 2–3 h 
and then stored at 4 °C. Subsequently, the samples were 
rinsed five times for 15 min each, using a buffer solution con-
sisting of sodium dihydrogen phosphate and disodium 
hydrogen phosphate (0.1 M, pH = 7.4). After this, the samples 
were fixed in 1% osmium tetroxide for 1.5 h in the dark. We 
then dehydrated the samples using ethanol and acetone, 
penetrated them with resin, and embedded them. Ultrathin 
tissue sections of 65 nm were prepared and stained with 2% 
uranyl acetate for 25 min and lead citrate for 7 min. Finally, 
the sections were washed and baked under infrared light for 
10 min before being observed using a transmission electron 
microscope (Hitachi Limited, Tokyo, Japan). Each group com-
prised at least three mice.

Immunohistochemistry analysis

For immunohistochemistry analysis, the tissue sections were 
initially dewaxed and rehydrated using xylol and a graded 
alcohol series with decreasing concentrations of ethanol.  
To avoid interference from endogenous peroxidase activity, 
the sections were treated with 3% H2O2 for 15 min, followed 
by blocking with primary antibody diluent (Servicebio) for 
1 h. Subsequently, the sections were incubated overnight at 
4 °C with rabbit anti-γH2AX antibody (1:200, BIOSS, Beijing, 
China) and rabbit anti-CASPASE-3 antibody (1:200, HUABIO, 
Hangzhou, China). After washing the sections three times 
with PBS, goat anti-rabbit secondary antibody (1:200, 
ZSGB-BIO, Beijing, China) was applied for 1 h at room tem-
perature. After three additional washes with PBS, a DAB kit 
(ZSGB-BIO) was used to generate positive signals, followed 
by counterstaining with hematoxylin. Dehydration, transpar-
entization, and mounting were performed as outlined earlier 
in this section. Images were captured using an automated 
digital slide scanner (Panoramic MIDI II), and Image J 1.4.3.67 
software (Media Cybernetics, Silver Spring, MD, USA) was 
used to analyze and express staining results as the average 
optical density (AOD).

Quantitative polymerase chain reaction (qPCR) analysis

Total RNA was extracted using TRIzol reagent (Invitrogen, 
California, USA) and reverse transcribed with a cDNA synthe-
sis kit (YEASEN, Shanghai, China) following the manufactur-
er’s instructions. The resulting cDNAs were then amplified 
through qPCR with the addition of SYBR Green Master Mix 
(YEASEN) in a Light Cycler qPCR instrument (Roche LC96, 
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Basel, Switzerland) following the specifications provided by 
the manufacturer. qPCR was conducted under the following 
conditions: a 5 min at 95 °C, followed by 35 cycles of 30 s at 
95 °C, 30 s at 58 °C, 30 s at 72 °C, and a 10 min extension at 
72 °C. Gene expression changes were normalized to Actb and 
analyzed by the 2−ΔΔCt method [23]. The primer sequences 
used for qPCR were as follows:

P53 F: GAAGTCCTTTGCCCTGAAC;

P53 R: CTAGCAGTTTGGGCTTTCC.

Caspase-3 F: TGGTGATGAAGGGGTCATTTATG;

Caspase-3 R: TTCGGCTTTCCAGTCAGACTC.

Actb F: CATATTGCGATCCTGGAATGAG;

Actb R: GATGAACCTGGCTGACTATCA.

Western blot

The total proteins extracted from the tissue were obtained 
using RIPA buffer (Beyotime, Shanghai, China), which con-
tained PMSF (Beyotime) to inhibit protease degradation. 
Next, the samples were separated via electrophoresis on an 
SDS-PAGE gel (Solarbio) and then transferred onto polyvi-
nylidene fluoride membranes (Millipore, Bedford, MA, USA). 
After that, the membranes were incubated overnight at 4 °C 
with one of the primary antibodies: γH2AX (BIOSS, Beijing, 
China) at a 1:500 dilution, CASPASE-3 (HUABIO, Hangzhou, 
China) at a 1:500 dilution, and β-actin (HUABIO) at a 1:5000 
dilution. Next, a horseradish peroxidase-labeled secondary 
antibody (Thermo Fisher, Waltham, MA USA) was added and 
incubated at room temperature for 1 h. Finally, the protein 
bands were developed using an ECL Western Blot Kit 
(Millipore, Bedford, MA, USA), and the relative intensities of 
the bands were determined using Quantiscan software 
(Biosoft, Cambridge, United Kingdom).

Statistical analyses

GraphPad Prism 7.0 software was used to analyze all the 
experimental data obtained in this study. The results are pre-
sented as the mean ± SEM values. The differences between 
the groups were assessed with a Student’s t-test. One-way 
ANOVA was used to compare multiple groups. p < 0.05 was 
considered statistically significant.

Results

Nsun5 knockout leads to significantly reduced survival rate 
in mice

To generate Nsun5 knockout mice, we chose exons 3–4 of 
Nsun5 for mutation. The mutation was transferred from for-
eign donor DNA to the recipient chromosome through non-
homologous recombination at the target site using either 
Cas9 or gRNA (Figure 1A). Founder mice were prepared using 

single-cell embryo microinjection (Figure 1B). Subsequently, 
heterozygous hybridization was used to produce homozy-
gous Nsun5-/- mice, and the direct sequencing results are 
shown in Figure 1C. Studies showed that the body weight of 
Nsun5-/- mice at PD 21 was significantly reduced (Figure 1D). 
Compared to WT mice, Nsun5 deficiency resulted in a grad-
ual decrease in the survival rate. The survival rate gradually 
decreased from 100% at PD 21 to 20% at 40 days after birth. 
However, the mice that managed to survive appeared to live 
normally (for each genotype, n = 48) (Figure 1E). These results 
indicate that deletion of Nsun5 poses a threat to the life of 
mice, resulting in a significant reduction in survival rate.

Nsun5-/-mice suffered from multiple organ damage

In order to investigate the cause of death of Nsun5-/- mice, 
we collected kidneys, lungs, livers, and hearts of PD 21 mice 
for biological observation. Representative images of each 
organ are shown in Figure 2A-D. We found that the weight 
of the kidneys (Figure 2E), lungs (Figure 2F), livers (Figure 
2G), and hearts (Figure 2H) of PD 21 Nsun5-/- mice were sig-
nificantly reduced. However, there was no significant differ-
ence in kidney body ratio (Figure 2I), lung body ratio (Figure 
2J), liver body ratio (Figure 2K), and heart body ratio (Figure 
2L) of PD 21 mice.

To further investigate the effect of Nsun5 deficiency on the 
organs of mice, we observed the morphological changes of 
the organs through H&E staining. Compared with the kidneys 
of WT mice, the kidney tissue of Nsun5-/-mice showed no sig-
nificant difference on PD 15 (Figure 3A). However, PD 25, the 
kidney tissue of Nsun5-/- mice showed severe defects and glo-
merular degeneration (Figure 3B). Similarly, the lung tissue of 
Nsun5-/- mice showed no significant difference compared to 
WT mice on PD 15 (Figure 3C), but on PD 25, the lung alveo-
lar walls of Nsun5-/- mice appeared thicker (Figure 3D). These 
results suggest that Nsun5 deficiency not only reduces organ 
weight in mice but also causes damage to kidney and lung 
tissue, with the kidneys being more severely affected.

Nsun5-/- mouse lethal damage of kidney

Based on our previous research, we have discovered that 
Nsun5-/-mice experience the most severe kidney damage and 
tissue defects on PD 25. This led us to speculate that this 
may be the underlying cause of their mortality. To test our 
hypothesis, we continued further investigate into the condi-
tion of the Nsun5-/-mice’s kidneys on PD 25. PAS staining 
revealed significant glycogen deposition in the glomeruli of 
the Nsun5-/-mice (indicated by the red arrow in Figure 4A). 
Additionally, Sirius Red staining showed notable collagen 
fiber hyperplasia in the glomeruli of the Nsun5-/-mice com-
pared to the control group (also indicated by the red arrow 
in Figure 4B). Furthermore, electron microscopy revealed 
shortened foot processes of the glomeruli in the Nsun5-/-mice 
(red arrow in Figure 4C,D). Based on these findings, it can be 
inferred that Nsun5 deficiency leads to lethal damage of kid-
ney in mice, which ultimately results in their demise.
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Nsun5 deficiency induces the accumulation of DNA 
damage and apoptosis

In order to further investigate the mechanism of kidney 
damage, we measured the expression levels of kidney γH2AX 

in mice on PD 15 and PD 25. Previous studies have indicated 
that γH2AX serves as a marker for DNA damage. Therefore, 
we detected its expression in the kidney through immuno-
histochemical staining. We observed elevated expression 

Figure 1.  Nsun5 knockout mice resulted in a significant reduction in survival.
(A) Strategy for generating Nsun5 deficiency mice involved selecting exon 3–4 of Nsun5 for mutation, and using Cas9 or gRNA to transfer mutations from 
exogenous donor DNA into the recipient chromosomes by nonhomologous recombination at the target site. (B) The pooled system of single-cell embryo 
microinjection was utilized to generate founder mice. (C) Homozygote Nsun5 deficiency mice were directly sequenced and the results were obtained. (D) 
The weight of PD21 individual pups was observed to be reduced in Nsun5-/- mice compared to WT mice. For each genotype, n = 6. (E) The survival of 
Nsun5-/- mice was measured. For each genotype, n = 48. The data, represented as mean ± SEM analyzed using the Student’s t-test, *p < 0.05, **p < 0.01.
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level of kidney γH2AX (Figure 5A) and CASPASE-3 (Figure 5B) 
in Nsun5-/- mice. Additionally, we quantified the expression 
levels of γH2AX (Figure 5C) and CASPASE-3 (Figure 5D). The 
results indicated that the expression levels of both γH2AX 
and CASPASE-3 were significantly higher on PD 25 compared 
to those on PD 15 in the kidneys of Nsun5-/- mice. Moreover, 
we also conducted qPCR to analyze the mRNA expression 
levels of P53 (Figure 5E) and Caspase-3 (Figure 5F), which 
revealed significantly increases in both. Further detection of 
the expression levels of γH2AX and CASPASE-3 via Western 
Blot showed that the expression levels of γH2AX (Figure 

5G,H) and Cleaved-CASPASE-3 (Figure 5I,J) were significantly 
increased, consistent with earlier findings. Hence, we can 
conclude that Nsun5-/- mice experience severe kidney dam-
age and even death due to heightened DNA damage and 
increased apoptotic accumulation.

Discussion

In this study, we aimed to investigate the role of NSUN5 in 
mice. To achieve this, we utilized the CRISPR/Cas9 system to 

Figure 2.  Nsun5-/- mice suffered multiple organ damages.
(A–D) Representative photos of the kidney (A), lung (B), liver (C), and heart (D) sizes at PD21 pups are shown. (E–H) The weight of kidney (E), lung (F), 
liver (G), and heart (H) in PD21 pups were reduced in Nsun5-/- mice compared to WT mice. (I–L) There were no significant difference in kidney body ratios 
(I), lung body ratios (J), liver body ratios (K), and heart body ratios (L) of PD21 pups. For each genotype, n = 5–7. The data presented are the mean ± SEM 
and were analyzed using the Student’s t-test, *p < 0.05, **p < 0.01.
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generate an Nsun5 knockout mouse model. Our findings 
demonstrate that Nsun5-/- mice exhibit reduced body weight 
and a gradual decrease in survival rate, reaching only 20% 
after PD 21. These mice also displayed multiple organ dam-
age, with the kidney suffering the most severe damage. 

Further analysis revealed lethal damage of kidney, including 
kidney glycogen deposition and fibrosis. Additionally, there 
was a notable shortening in the primary foot processes of 
glomeruli in Nsun5-/- mice. Our mechanistic studies uncov-
ered a significant increase in γH2AX and CASPASE-3 in the 

Figure 3. A nalysis of kidney and lung tissue in Nsun5-/- mice.
(A) Representative images of H&E-stained kidney sections of Nsun5-/- and WT mice at postnatal day (PD) 15 showed normal morphology. (B) Representative 
images of H&E-stained kidney sections of Nsun5-/- and WT mice at PD 25 exhibited glomerular degeneration (red arrows). Scale bars: 50μm. (C) 
Representative images of H&E-stained lung sections of Nsun5-/- and WT mice at PD 15 showed normal tissue structure. (D) Representative images of 
H&E-stained lung sections of Nsun5-/- and WT mice at PD 25 displayed incrassated thickening of alveolar walls (red stars). Scale bars: 100μm.
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Figure 4.  Kidney analysis of Nsun5-/- mice.
(A) Representative images of kidney sections stained with periodic acid-Schiff (PAS) from Nsun5-/- and WT mice at PD 25 show significant glomerular 
glycogen deposition (red arrows). Scale bars: 20μm. (B) Representative images of kidney sections stained with Sirius red from Nsun5-/- and WT mice at PD 
25 show significant glomerular collagen fiber hyperplasia (red arrows). Scale bars: 20μm. (C–D) Under electron microscopy, shortened podocyte foot pro-
cesses (red arrows) can be observed in Nsun5-/- mice compared to WT mice at PD 25. The magnifications in (C) and (D) are 5000 × and 10,000×, 
respectively.
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Figure 5.  Nsun5-/- mice exhibited high expression of apoptosis signal and DNA damage in the kidneys.
(A) Immunohistochemistry showed that the staining intensity of the γH2AX positive cells is increased in the kidney Nsun5-/- mice compared to WT at PD 
25 not PD 15. Scale bar: 20μm. (B) Immunohistochemistry showed that the staining intensity of the CASPASE-3 positive signal is increased in the kidney 
of Nsun5-/- mice compared to WT at PD 25. (C-D) Average optical density (AOD) was used for the quantitative analysis of immunohistochemistry staining, 
and the data are shown in bar graphs. (E-F) The mRNA expression levels of P53 (E) and Caspase-3 (F) in the kidney of Nsun5-/- mice were higher than 
those in WT mice (n = 6-8 per genotype). (G) Results of Western blotting showed that the protein level of γH2AX was increased in the kidney Nsun5-/- mice 
compared to those in WT. (H) The results of Western blotting were quantified and displayed in bar graphs. The values are given as mean ± SEM analyzed 
using Student’s t-test. * P < 0.05, ** P < 0.01 (I) Results of Western blotting showed that the protein level of CASPASE-3 was increased in the kidney of 
Nsun5-/- mice compared to those in WT. (J) The results of Western blotting were quantified and displayed in bar graphs. The values are given as mean ± SEM 
analyzed using Student’s t-test. * p < 0.05, ** p < 0.01.
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kidneys of PD 21 Nsun5-/- mice, indicating severe DNA dam-
age and apoptosis. Taken together, our research provides evi-
dence that NSUN5 plays a pivotal role in kidney development, 
and its absence can have detrimental effects on the kidneys.

NSUN5 belongs to the NSUN family. Some NSUN family 
proteins are associated with the regulation of protein trans-
lation, RNA processing, metabolism, and cell differentiation 
[24–26]. For example, NSUN2 and NSUN4 have been shown 
to participate in cell proliferation, differentiation, and protein 
biosynthesis [27]. Additionally, NSUN5 deficiency has been 
linked to a reduction in protein synthesis during mammalian 
development [28]. In this study, we reported for the first time 
that the lack of NSUN5 contributes to kidney damage, ulti-
mately putting individuals at risk of life-threatening compli-
cations. Kidney disease is rapidly becoming one of the 
leading global causes of death and poses a serious threat to 
human health [29]. Therefore, it is imperative that we urgently 
investigate the underlying mechanisms of kidney disease.

Kidney is one of the vital organs in the body and is indis-
pensable for maintaining the normal operation of the urinary 
system. The population with kidney injuries manifest both the 
structural and functional changes [30]. Kidney injury is charac-
terized by a decline in kidney function and is a global public 
health concern with high morbidity and mortality [31]. The 
etiology of acute kidney injury and chronic kidney disease is 
heterogeneous [32]. Apoptosis, the major form of cell death, 
contributes to the decline in kidney function. According to 
report, in the kidney, apoptosis contributes to the loss of 
parenchymal cell during acute and chronic kidney injury [33]. 
Several types of apoptosis have recently been identified as 
regulated processes, mediated by diverse molecules [34]. 
However, the factors triggering kidney injury still need to be 
investigated in detail. Damage to the kidneys can lead to a 
series of adverse consequences, posing a threat to the patient’s 
physical health. In this study, we not only found a significant 
reduction in the weight of mouse kidneys after Nsun5 knock-
out but also observed lethal damage to the kidneys.

Cell survival is closely related to DNA damage, especially 
in tissues and organs that undergo extensive cell prolifera-
tion and differentiation events. DNA damage can lead to 
genetic mutations, which can delay cell cycle progression 
and trigger cell death [35]. Various types of mutations can 
arise from DNA damage, eventually leading to diseases such 
as cancer [36] and aging [37]. In the course of conducting 
pathway analyses, it was determined that the DNA damage 
response is implicated in kidney injury. Specifically, gene 
mutations associated with DNA damage reactions that inter-
fere with normal kidney function have the potential to result 
in embryonic mortality [38]. γH2AX has been widely used by 
many researchers as a tool to detect DNA damage [39]. P53 
plays a key role in response to DNA damage, enabling a vari-
ety of cellular responses including cell cycle arrest, apoptosis, 
and DNA repair [40]. Caspase-3, an effector caspase, plays a 
crucial role in initiating apoptosis [41]. In the course of apop-
tosis, caspase-3 becomes activated and subsequently cleaves 
various downstream substrates, resulting in significant mor-
phological alterations in cells undergoing apoptosis [42]. In 

our study, we observed elevated expression levels of kidney 
γH2AX, P53, and cleaved Caspase-3 in Nsun5-/- mice. Our 
findings suggest that Nsun5 deficiency leads to severe DNA 
damage and cell apoptosis, resulting in lethal kidney damage 
and death before puberty in mice. In summary, the excessive 
DNA damage and cell apoptosis during kidney development 
are important factors contributing to the death of Nsun5-/- 
mice. However, since the analysis was carried out at PD 21 
when Nsun5-/- mice started to die, the observed phenotype 
(increase in apoptotic signals) might be a phenomenon in 
the dying process.

This research has several limitations. Firstly, the 7-micrometer- 
thick slices potentially had biases in their evaluation toward 
degeneration or accumulation of PAS or Sirius Red-positive 
substances. A thinner slice would be beneficial for improving 
the accuracy of results in tissue analysis. This needs further 
improvement. Secondly, it remains unclear how the absence 
of NSUN5 in the kidney is related to epigenetic events and 
epigenetic transcription events. It is not yet known whether 
this phenomenon is caused by insufficient m5C methylation 
of DNA damage and apoptosis genes. Last, it has yet to be 
examined if the mechanism of NSUN5 deficiency affecting 
other organ systems is the same as that observed in the kid-
ney. If these findings can be corroborated in larger prospec-
tive clinical studies, they may prove helpful in managing 
patients with kidney disease.

Conclusion

In conclusion, we found that mice lacking NSUN5 died before 
puberty due to kidney fatal damage caused by DNA damage 
and cell apoptosis. Taken together, these results suggest that 
NSUN5 is associated with reduced DNA damage and cell 
apoptosis in the kidney, which is essential for preventing 
fatal damage to the kidney.
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