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N-acetyltransferase 10 (NAT10) is an important acetyltransferase that regulates telomerase activity and participates in DNA
damage reactions, ribosomal RNA (rRNA) transcriptional activation, cell division, microtubule acetylation, and other impor-
tant cellular processes. Abnormalities in the expression or distribution of NAT10 result in diseases such as Hutchinson-Gilford
progeria syndrome (HGPS) and various tumors, with serious consequences. Remodelin, an inhibitor of NAT10, delays HGPS
progression; many studies have been conducted on its role in tumor therapy. A major breakthrough in the study of NAT10 was
the discovery of mRNA N4-acetylcytidine (ac4C) modification, which can increase mRNA stability and translation efficiency
significantly. In addition, NAT10 modifies the mRNA of ac4C, which is associated with tumor development. Here, we present a
review of pertinent studies focusing on NAT10, particularly its role in cancer, to provide researchers with a concise and informa-
tive summary of the current state of knowledge about this topic. The conclusions drawn from this review could provide a new

direction for tumor treatment.
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Introduction

N-acetyltransferase 10 (NAT10), previously known as
human N-acetyltransferase-like protein (hALP), belongs to
the GCN5-related N-acetyltransferase family. According to
the initial study, it triggers the activity of telomerase by up-
regulating human telomerase reverse transcriptase (hTERT)
via its promoter [1]. NAT10 is located in the nucleolus and
consists of 1025 amino acids with an acetyltransferase do-
main and a lysine-rich carboxyl terminus [2]. Aside from
regulating telomerase activity, NAT10 also plays important
roles in DNA damage reactions, ribosomal RNA (rRNA)
transcriptional activation, cell division, and microtubule
acetylation [3—-6]. Studies have shown that NAT10 dys-
function plays a critical role in a variety of tumors, includ-
ing melanoma, breast cancer, laryngeal cancer, colorectal
cancer (CRC), hepatocellular carcinoma (HCC), and gastric
cancer (GC) [7-15]. NAT10 is upregulated in most tumors,
contributing to their malignant behavior [16]. In addition
to its role in neoplastic diseases, NAT10 is also involved
in the occurrence of non-neoplastic diseases, among which
Hutchinson-Gilford progeria syndrome (HGPS) is the most
well-known [17]. A follow-up of a patient with HGPS re-
vealed signs of progressive premature aging, with the pa-
tient eventually dying of cardiovascular disease [17,18].

RNA N4-acetylcytidine (ac4C) refers to the acetyla-
tion of the cytosine N* position on RNA; it constitutes a

highly conserved post-transcriptional modification (shown
in Fig. 1A). This process is completed by the action of
NAT10 [19,20]. It was previously believed that ac4C only
exists in rRNA and tRNA, where it plays a crucial role
(shown in Fig. 1B). For example, NAT10 participates in
rRNA processing mainly by acetylating rRNA [3]. Ac4C
facilitates the folding of tRNA tertiary structures during
protein synthesis and aids in correct codon identification
[21]. Nevertheless, recent research suggests that ac4C is
also present in mRNA (shown in Fig. 1B) and that NAT10
can enhance its stability and translation efficiency with the
help of mRNA ac4C [22]. NATI10 also promotes tumor
metastasis via the ac4C-mediated modification of mRNA
[15]. The discovery of mRNA ac4C is a major break-
through in the study of NAT10, opening up new avenues
to understanding transcriptomics and providing a new di-
rection for medical research, particularly in oncology.

NAT10 is Involved in Cellular Processes

Ribosomes are composed of ribosomal rRNA and
ribosomal proteins (RPs). Ribosomal ribonucleic acid
(rRNA) production requires RNA polymerase I to produce
the 47S precursor rRNA (pre-rRNA), which is further pro-
cessed into 18S, 5.8S, and 28S rRNAs. In this process, the
upstream binding factor (UBF) plays an important role in
RNA polymerase I transcription as part of the pre-initiation
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Fig. 1. RNA acetylation. (A) Chemical structure of N4-acetylcytidine (ac4C) and catalytic activity of N-acetyltransferase 10 (NAT10).
(B) The position of RNA acetylation in human cells. The figure was drawn with Adobe Illustrator software (version 25.0, SAN Jose,

CA, USA).

complex (PIC) [23-25]. The transcriptional activity of the
UBEF is regulated by its phosphorylation and acetylation
[26]. UBF acetylation leads to the recruitment of PAF53,
facilitating the assembly of the PIC and enhancing rRNA
transcription [26,27]. However, NAT10 can bind to and
acetylate the UBF and then activate RNA polymerase I to
participate in the transcription of rRNA [28]. However, this
function requires autoacetylation, i.e., lysine acetylation at
NAT10K426. Despite the accompanying mutation, NAT10
can still bind to UBF but cannot acetylate UBF or recruit
RNA polymerase I to rDNA, leading to the inhibition of
rRNA transcription [29]. NAT10 participates not only in
the transcription of rRNA through autoacetylation but also
in rRNA processing through rRNA acetylation [3,30].

Furthermore, NAT 10 participates in the regulation of
the cell cycle. The distribution of NAT 10 changes dynami-
cally at each mitotic stage. The intermitotic stage is mainly
distributed in the nucleolus, whereas the mitotic stage is dis-
tributed in the midbody. NAT10 localized in the midbody
can acetylate a-tubulin to increase its stability [16]. The
study has shown that NAT10-knockout can cause nucleolar
assembly defects and reduced a-tubule acetylation levels,

leading to cytokinetic failure and cell arrest at G2/M [16].
Additionally, NAT10 can control cytokinesis by acetylating
tubulin [16].

Under normal conditions or in the case of DNA dam-
age, NAT10 can maintain genome stability by stabilizing
p53; however, the two mechanisms of action are different.
In the former, NAT10 stabilizes p53 by degrading murine
double minute 2 (Mdm?2) via ubiquitination, whereas when
DNA is damaged, NAT10 is transferred from the nucleolus
to the nucleoplasm to acetylate p53 and activate p53 tran-
scription to increase its stability [8]. DNA damage induces
increased expression of NAT10, and ectopic expression of
NAT10 contributes to the survival of cells [4].

NAT10 and mRNA Ac4C

RNA ac4C modification is a highly conserved post-
transcriptional modification. This process is completed by
NAT10; the discovery of mRNA ac4C represents a new
breakthrough in NAT10 research. There are 163 post-
transcriptional RNA modifications, including m6A [31].
Despite the numerous modifications and complex functions
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of RNA, little is known about them, principally because of
limitations in technology. These rare bases, such as ac4C,
were first found in the anticodon of the bacterial tRNAM®! in
1978 [32]; it was previously believed that they are mainly
present in rRNA and tRNA [3,33,34] but not in mRNA.
However, recent study has shown that ac4C is also present
in mammalian mRNAs [22]. Modification of ac4C only
involves writers (NAT10); in contrast, m6A modification
also involves erasers and readers. None of these have been
identified as yet. This indicates that NAT10 has both acetyl-
transferase and RNA-binding activities [3]. It was found
that NAT10-knockout resulted in significantly decreased
ac4C levels [22]. NAT10 enhances mRNA stability and
translation efficiency through mRNA ac4C, thereby pro-
moting the expression of target genes [22]. Tumor research
has always been a hotspot in medical research; there has
been a considerable increase in the number of studies focus-
ing on the crucial role of post-transcriptional modification
in tumors. Following that of m6A modification, the role of
ac4C modification in tumors has attracted attention.

NAT10 and Tumors

Melanoma

In their study of B16-F10 melanoma cells, Oh et al.
[11] found that gene silencing or inhibition of NAT10 ex-
pression caused melanin synthesis disorder by inhibiting the
expression of microphthalmia-associated transcription fac-
tor (MITF) and its target genes, dopachrome tautomerase
(DCT) and tyrosinase, within cells. Inhibition of NAT10
expression can cause the downregulation of MITF, leading
to significant downregulation of proteins such as cyclin D1
and cyclin-dependent kinase 2 (CDK2), which promote the
transition from the G1 to S phase, whereas endogenous fac-
tors, such as p21, which inhibits the transition from the G1
to S phase, were significantly upregulated. This indicates
that NAT 10 may block the cell cycle at the S stage through
MITF/cyclin D1/CDK2/p21-mediated cell cycle progres-
sion, thereby inhibiting the proliferation of melanoma cells,
and suggests that NAT10 plays a key role in promoting tu-
mor growth in malignant melanomas. However, this study
had a number of limitations. First, the number of experi-
mental cells was too small to establish the universality of
the results. Second, the mechanism of MITF regulation by
NAT10 was not clear. Finally, the inhibitory effect of re-
modelin on tumor cells (IC50) was not verified.

Laryngeal Cancer

NAT10 also plays an important role in laryngeal can-
cer [13]. In this context, NAT10 is negatively regulated
by Myc target 1 (MYCT1), which in turn is negatively
regulated by cAMP-responsive element-binding protein
(CREB). Thus, NAT10 is indirectly positively regulated by
CREB. Compared to that in normal tissues, the protein ex-
pression of CREB in laryngeal cancer tissues was signif-

icantly increased, with higher expression observed in the
tumor tissues of patients with lymph node metastasis. Fur-
thermore, the CREB protein is associated with tumor differ-
entiation and clinical stage. In Hep2 cells, elevated levels
of CREB can facilitate its binding to the MYCT1 promoter
and downregulate MYCT1, thereby increasing the expres-
sion of NAT10. In summary, CREB facilitates the metas-
tasis of laryngeal cancer cells through the MYCT1/NAT10
axis. Nevertheless, this study also had some limitations.
The number of cells was too small to establish the univer-
sality of the conclusion, and animal experiments were lack-
ing. In this study, NAT10 was found to be a downstream
protein in the pathway, which only explains its function in
laryngeal cancer; further study is required to fully investi-
gate its specific regulatory mechanism.

Breast Cancer

A recent study suggested that NAT10 is significantly
upregulated in breast cancer tissue [35]. Whether in vivo
or in vitro, NAT10 reacts with MORC family CW-type zinc
finger 2 (MORC?2) and acetylates its lysine residue at the
K767 site, whereas sirtuin 2 (SIRT2) antagonizes NAT10
and deacetylates MORC2. When breast cancer cells were
treated with DNA-damaging drugs, MORC2 acetylation
was upregulated; this process was mediated by NAT10 but
was independent of SIRT2 activity. After the use of such
drugs, NAT10 is transferred from the nucleolus to the nu-
cleoplasm, which enhances the effect of MORC. MORC2,
acetylated by NAT10, binds to histone H3 phosphorylation
at threonine 11 (H3T11P), resulting in a reduction in the ex-
pression of H3T11P and further inhibition of CDK1 and cy-
clin B1 transcription, which leads to the arrest of breast can-
cer cells in the G2 phase and increased resistance to DNA-
damaging drugs. These observations indicate that NAT10
could be a potential target for treating breast cancer. This
study is a good illustration of the functional role and mecha-
nism of NAT10 in breast cancer; further validation through
in vivo experiments would enhance the credibility of these
findings. Human THUMP domain protein 1 (THUMPD1)
is a specific adaptor protein that regulates tRNA acetyla-
tion by interacting with NAT10 [34]. THUMPDI reduces
E-cadherin production and promotes the invasion and mi-
gration of breast cancer cells via the AKT-GSK3-Snail path-
way. THUMPDI may promote tumor invasion via two
mechanisms—one involves synergy with NAT 10, while the
other operates as a downstream factor of NAT 10 [36]. How-
ever, the role and regulatory mechanism of NAT10 in breast
cancer remain speculative and require validation through
specific experiments.

HCC

NAT10 expression is increased in HCC cells, with
higher expression levels observed in mesenchymal cells
than in epithelial HCC cells; knocking down NAT10 can in-
hibit the invasive abilities of HCC cells [7]. However, this
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study does not present any clinically relevant information
about NAT10, there is a lack of in vivo validation, and more
importantly, the mechanism of action of NAT10 remains
understudied. Li ef al. [37] found that NAT10 expression
was increased in HCC tumor tissues and was correlated with
the prognoses of patients with HCC. NAT10 increases the
stability of mutant p53 and promotes the proliferation of
p53 mutant HCC cells by antagonizing the effects of Mdm?2.
However, similar to other studies, this study also lacked in
vivo validation. NAT10 is a nucleolar acetyltransferase that
enhances the occurrence of tumors when transferred to the
nucleoplasm, cytoplasm, and cell membrane; additionally,
its location in terms of distribution is related to the survival
of patients. It has been shown that NAT10 expression in
HCC tissues significantly increases at both the protein and
mRNA levels, and the distribution of NAT10 also changes
compared with that in normal para-carcinoma tissues [9].
In adjacent tissues, NAT10 was mainly distributed in the
nucleolus, whereas it was mainly found in the nucleoplasm
in tumor tissues. Moreover, NAT10 was distributed in the
cell membrane in some patients, and the degree of tumor
differentiation in these patients was poor. Another study
also reported that NAT10 in the cell membrane and cyto-
plasm could promote the acetylation of a-tubulin and in-
crease the stability of the tubules, thus promoting the mi-
gration of HCC cells [38]. Compared to those with nu-
clear NAT10, patients with cytoplasmic NAT10 had poor
prognoses, whereas those with plasma membrane NAT10
had the worst prognoses. Compared to other studies, this
study, in addition to showing that NAT10 is associated with
tumorigenesis, also demonstrated the relationship between
the location of NAT10 distribution in cells and patient out-
comes. Additionally, the study also showed that NAT10
promotes the invasion and migration of HCC cells by affect-
ing the cytoskeleton. However, validation through in vivo
experiments was lacking. NAT10-mediated ac4C modifi-
cations have also been reported in liver cancer [39]. The
authors found that NAT10 can enhance the metastasis and
apoptosis resistance of liver cancer cells in endoplasmic
reticulum stress (ERS) and ERS states. In this mechanism,
NAT10 increases the stability and expression of heat shock
protein 90 alpha family class A member 1 (HSP90AAT1) by
upregulating the ac4C level of HSP904AA41 mRNA, thereby
promoting the metastasis of ERS-HCC cells and their resis-
tance to levatinib. This study was the first to demonstrate
the role of NAT10 in HCC through ac4C modification, en-
riching the understanding of HCC progression. However,
the study lacked in vivo validation of HCC cell metastasis.
To summarize, studies have investigated the role of NAT10
in the proliferation and metastasis of HCC, exploring vari-
ous perspectives to verify its importance; however, they all
lack in vivo validation.
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CRC

There have been many studies on the role of NAT10
in CRC. Although the expression of NAT10 is increased
in many cancers [16], it is reduced in CRC [8,12]. Com-
pared with that in normal non-tumor tissues, NAT10 ex-
pression was found to be significantly reduced in CRC tis-
sues. NAT10 can inhibit the proliferation of CRC cells. Af-
ter knocking down NAT10, the proportion of G2/M phase
cells increased, and the cell cycle of colorectal cancer was
accelerated [8]. Mechanically, NAT10 regulated p53 ac-
tivation through acetylation of p53 and ubiquitination of
Mdm2, mediating CRC cell cycle regulation and apopto-
sis. Unfortunately, there were many limitations of this
study. First, the expression of NAT10 in CRC cells was
not verified. Second, no experiments were conducted on
the overexpression of NAT10 in CRC cells; additionally,
animal studies were lacking. Third, although the expres-
sion of NAT10 in tumors was verified, the correlation be-
tween the expression of NAT10 and the clinicopathology
of patients was not analyzed. In CRC, NAT10 was found
to be negatively correlated with miR-6716-5p [12]. In pa-
tients with CRC, especially those with liver metastases, the
expression of miR-6716-5p was increased. By binding to
the 3’-UTR of NAT10 mRNA, the increased miR-6716-5p
expression led to a decline in the expression of NAT10,
thus promoting the invasion and migration of CRC cells.
This study demonstrated the regulation of NAT10 and E-
cadherin by miR-6716-5p but did not verify the regulation
of E-cadherin by NAT10. Additionally, there was no direct
verification of the functionality of NAT10. The distribution
as well as expression of NAT10 changed in CRC [10]. In
adjacent normal tissues, NAT10 was mainly distributed in
the nucleolus; in contrast, it was more diffuse in CRC tis-
sues and only slightly distributed in the nucleolus but more
so in the nucleoplasm, and more than half of the patients
showed cytoplasmic and plasma membrane distribution. In
CRC, NAT10 is regulated by glycogen synthase kinase-
33 (GSK-343). Inhibition of GSK-33 expression increases
the stability and nuclear export of NAT10, and its redis-
tribution changes the cytoskeleton and increases the motor
ability of tumor cells, thereby promoting tumor metastasis.
Consequently, NAT10 distribution in the cell membrane
was mainly observed at the invasive leading edge of tu-
mors, reflecting the depth of tumor invasion and metastasis
and a worse prognosis. This study revealed the underlying
mechanism whereby NAT10 promotes CRC metastasis in
terms of subcellular distribution and cytoskeleton. Senes-
cent cells secrete a variety of proinflammatory factors such
as cytokines, proteases, and chemokines, which are collec-
tively called the senescence-associated secretory phenotype
(SASP). The SASP can affect the tumor microenvironment
through either autocrine or paracrine signaling. NAT10
can regulate DNA replication by affecting the balance be-
tween histone acetylation and methylation and increasing
the formation of micronuclei (MN), thereby activating the
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SASP and promoting CRC progression [40]. This study
not only shows that NAT10 can act within CRC cells but
also demonstrates that NAT10 acts by influencing SASP
secreted outside the cell. It was found that the levels of
NAT10 and ac4C modification were significantly upregu-
lated in CRC [41]. In addition, cell experiments have shown
that NAT10 can inhibit the apoptosis of CRC cells, enhance
the proliferation, invasion, and migration of CRC cells. In
vivo, NAT10 promotes tumor growth and liver/lung metas-
tasis. From a mechanistic perspective, NAT10 upregulates
its mMRNA ac4C modification by binding to the 3'-UTR re-
gion of kinesin family member 23 (K/F23) mRNA, thereby
increasing the stability of K/F’23 mRNA. This causes KIF23
protein levels to rise, activating the Wnt/5-catenin path-
way, and more 3-catenin is transported to the nucleus, lead-
ing to CRC progression. This study explained the tumor-
promoting effect of NAT10 in CRC from the perspective of
ac4C, providing comprehensive insights that spanned both
breadth and depth, and explained the mechanism underly-
ing the role of NAT10 in CRC. The role of NAT10 has been
extensively studied in various tumors, particularly CRC.
Each research group has tried to interpret it from a differ-
ent perspective and has reached different conclusions, some
even contradictory. For example, some research groups
showed that the expression of NAT10 in CRC tissues is
increased, while others believed that it is reduced. Some
studies suggest that NAT10 can affect the proliferation of
CRC cells, while others indicate that NAT10 can only af-
fect the invasion and migration of CRC cells but has no ef-
fect on cell proliferation. Some studies have shown that
NAT10 can affect the proliferation and migration of CRC
cells at the same time. Given these contradictory research
conclusions, it is worth investigating whether these differ-
ences arise from variations in experimental cell types or
other causes. Furthermore, many studies have only been
validated in vitro and lack in vivo validation.

GC

GC is one of the most common malignant tumors of
the digestive tract. The root causes of the difficulties re-
lated to treatment of GC are distant metastasis and deep
tumor infiltration [42]. The study has found that NAT10
is widely upregulated in GC, which is clinically associated
with a poor prognosis and lymph node metastasis. NAT10
promotes the invasion and migration of GC cells through its
role in the epithelial-mesenchymal transition (EMT) [15].
NAT10-knockdown downregulated the mRNA and protein
levels of vimentin (VIM) and matrix metalloproteinase-
2 (MMP2) but did not affect the expression level of E-
cadherin (CDH1). Overexpression of NAT10 upregulated
the expression of VIM and MMP2 but did not affect the ex-
pression of CDHI1. It is well known that VIM and MMP2
promote the regulation of EMT, while CDH1 inhibits the
EMT. NAT10 promoted EMT in GC cells in vitro. In terms
of mechanism, NAT10 can directly interact with collagen

type V alpha 1 chain (COL5A41) mRNA to upregulate the
ac4C modification level of COL541 mRNA to maintain its
stability. This study was the first to apply ac4C modifica-
tion in tumor research, opening up a new avenue for inves-
tigating the mechanisms underlying tumor development.

Bladder Urothelial Carcinoma (BLCA)

In The Cancer Genome Atlas database, NAT10 in
Bladder urothelial carcinoma (BLCA) tissues was signifi-
cantly upregulated. Wang et al. [43] found that the expres-
sion of NAT10 in bladder cancer was increased, and pa-
tients with high expression of NAT10 were more likely to
have lymph node metastasis than those with low NAT10 ex-
pression. In addition, they were more likely to progress to
advanced stages (stages III +IV). This suggests that NAT 10
may play a role in improving and estimating the prognosis
of BLCA progression. NAT10 is associated with the pro-
liferation, invasion, migration, and stem-like properties of
BLCA cells. With respect to mechanism, NAT10 affects
the stability and translation efficiency of B-cell lymphoma
9-like (BCLYL), SRY-box transcription factor 4 (SOX4),
and serine/threonine kinase 1 (4K77) mRNA by modify-
ing ac4C in specific regions. In addition to affecting the
progression of BLCA, it can also increase the resistance of
BLCA cells to cisplatin by promoting DNA damage repair
[44]. The mechanism involves cisplatin-mediated induc-
tion of the activation of NFxB signaling, which promotes
the transcription of NAT10, which in turn recruits het-
erogeneous nuclear ribonucleoprotein Q (HNRNPQ) and
thyroid hormone receptor-associated protein 3 (THRAP3)
to desmoyokin (AHNAK) mRNA. A complex is formed,
which is then modified with ac4C to enhance mRNA sta-
bility by preventing nuclease digestion.

Other Tumors

There are currently few studies on NAT10 expres-
sion in acute myeloid leukemia (AML). However, it has
been reported that NAT10 expression is increased in pa-
tients with AML and that it is higher in patients with nu-
cleophosmin 1 (NPM1) mutation than in those without, al-
though there is no difference in the overall response (OR)
between these groups [45]. NAT10 expression in patients
in the OR group was significantly lower than that in the
non-remission group. The progression-free survival and
overall survival of patients with AML with higher NAT10
expression were also shorter, suggesting that NAT10 can
serve as a prognostic marker for AML. Unfortunately, this
study only analyzed clinical data and did not examine the
functional role and specific mechanism of NAT10 in AML,;
hence, the role of NAT10 in AML needs to be further stud-
ied. In epithelial ovarian cancer, NAT10 affects the growth
of tumor cells by participating in the formation of micro-
tubules, thereby playing a role in the occurrence of tumors
[46]. In colon and lung cancer cells, NAT 10 mainly affects
cell survival and apoptosis rather than migration and inva-
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sion [47]. NATI10 recruits RelA/p65 to the myeloid cell
leukemia 1 (MCL1) promoter region and promotes MCL1
transcription. After NAT10-knockdown, MCLI is down-
regulated, the proliferation of colon and lung cancer cells
as well as their sensitivity to 5-FU decreases, and apoptosis
increases. NAT10-mediated ac4C modification is also asso-
ciated with the tumor glucose metabolism and immunosup-
pression [48]. In cervical cancer (CCa), NAT10 expression
is significantly elevated and is associated with a poor prog-
nosis. HOXCS activates NAT10 by binding to its promoter,
thereby stimulating the ac4C modification of forkhead-box
protein P1 (FOXPI) mRNA, improving its translation effi-
ciency and inducing the expression of glucose transporter
4 (GLUT4) and ketohexokinase (KHK). In addition, the
NAT10/ac4C/FOXP1 axis activity leads to increased gly-
colysis in CCa cells and a sustained increase in lactic acid
secretion. The enrichment of lactic acid further enhances
the immunosuppressive properties of tumor infiltrating reg-
ulatory T cells (Tregs). This study not only linked ac4C
to the progression of CCa but also demonstrated the as-
sociation of NAT10 with immunosuppression and glucose
metabolism, fully illustrating the role of NAT10 in the pro-
gression of CCa.

NAT10 and HGPS

In addition to being transmitted through signal
molecules and intercellular contact, extracellular signals
can also be transmitted as mechanical stimuli from the ex-
tracellular space to the nucleus in the form of tension, which
can then be transformed into biochemical signals that cause
changes in cell structure and function (shown in Fig. 2) and
even gene expression [49]. In addition to separating the
nucleus from the cytoplasm, the nuclear membrane is cru-
cial for maintaining the morphology and function of the nu-
cleus. Changes in the nuclear membrane can lead to cell
dysfunction, which manifests as various diseases (including
tumors) at the macro level. Nuclear lamins are type V inter-
mediate filament proteins that form a filament layer under-
neath the inner nuclear membrane, which is a key factor af-
fecting the structure and function of the nuclear membrane
[50,51]. Nuclear lamins can be classified into A- and B-
type lamins based on their structural and biochemical char-
acteristics, expression patterns, and behavior during mito-
sis [52]. In addition to unicellular organisms and plants,
B-type lamins are found in all metazoan cells, whereas A-
type lamins are only found in Drosophila and vertebrates,
wherein they are mainly expressed in differentiated cells
and are absent in embryonic stem cells [50,53-55]. Fur-
thermore, A-type lamins mainly include lamins A and C,
both of which are produced via the selective splicing of the
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same gene, LMNA, whereas lamins B1 and B2, the two main
subtypes of B-type lamins, are produced by LMNBI and
LMNB2 respectively [56—58]. Nuclear lamins not only play
an important role in the transmission of intracellular and
extracellular signals but also participate in various cellular
processes such as cell differentiation, transcription, replica-
tion, and DNA damage repair [55,59—62]. When mutations
occur in the genes that encode nuclear lamins, they can lead
to severe medical conditions known as laminopathies, the
most prominent of which is HGPS [62,63]. HGPS is a rare
but fatal disease that is characterized by premature aging. It
is caused by a mutation in the LMNA 11 exon, which causes
the lamin A pre-mRNA to not splice properly, giving rise
to an abnormal lamin A called progerin (shown in Fig. 3)
[64,65]. In HGPS cells, progerin accumulates on the in-
ner nuclear membrane, distorting the shape of the nucleus
and chromatin, leading to increased genomic instability and
rapid cell senescence [66,67]. Patients are characterized by
extremely short stature, early hair loss, low weight, lipodys-
trophy, osteolysis, scleroderma, and facial features similar
to those of the elderly. Cardiovascular injury was found to
be the main cause of death in these patients [17,18]. Pre-
vious treatments with HGPS mainly targeted progerin and
reduced its levels to improve the health status of patients;
however, this mode of treatment was not very effective.

The study has shown that NAT 10 plays an important role in
the occurrence of HGPS by influencing the shape of the nu-
cleus and participating in microtubule recombination [68].
Inhibiting the activity of NAT10 in laminopathic cells can
reduce the anchorage of microtubules to the centrosomes,
thereby exerting external forces on the nuclear membrane,
promoting the repair of the laminopathic cell nuclear shape,
and enhancing the overall adaptability of the cells. Recent
research has indicated that NAT10 is a potential new thera-
peutic target for HGPS. Chemical inhibition or gene knock-
out of NAT10 has been shown to delay weight loss and car-
diovascular disease and to significantly enhance the health
status of HGPS mouse models [69].

NAT10 Inhibitor: Remodelin

Remodelin is an inhibitor of NAT10 and can correct
nuclear structure and chromatin reorganization to improve
laminopathies [68]. It is also used to treat tumors and com-
bat tumor resistance, reverse the EMT induced by doxoru-
bicin, and weaken the resistance of breast cancer cells to
doxorubicin [14]. Remodelin also plays a role in HCC [70].
Doxorubicin and hypoxia can induce EMT in HCC cells,
thereby causing doxorubicin resistance, and NAT10 plays
an important role in this process. After knockdown or treat-
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Table 1. Clinical significance of NAT10 in tumors.

Cancer Role Change = Mechanism Reference
Melanoma Promotor Up NAT10 promotes cell proliferation through the MITF/cyclin D1/CDK2/p21 [11]
axis.
Laryngeal Cancer ~ Promotor Up CREB promotes laryngeal cancer cell migration via MYCT1/NAT10 axis. [13]
Promotor Up NAT10 affects the proliferation of breast cancer cells by regulating the acety- [35]
Breast Cancer .
lation level of MORC2.
Promotor Up NAT10 promotes invasion and migration of breast cancer cells by regulating [36]
the THUMPD1/AKT-GSK3-Snail/E-cadherin axis.
Promotor Up NAT10 promotes HCC cell metastasis by mediating EMT. [7]
HCC Promotor Up NAT10 increases mutant p53 levels by counteracting Mdm?2 action in HCC [37]
cells.
Promotor Up NAT10 promotes the acetylation of a-tubulin and increases the stability of [38]
microtubules, thus promoting the migration and invasion of HCC cells.
Promotor Up NAT10 promotes the metastasis of HCC cells by up-regulating the ac4C mod- [39]
ification level of HSP904AA1 mRNA.
GC Promotor Up NAT10 promotes EMT in GC cells by up-regulating the ac4C modification [15]
level of COL541 mRNA.
Suppressor  Down  NAT10 regulates p53 activation through acetylating p53 at K120 and ubiqui- [8]
tinating Mdm?2.
CRC Suppressor  Down  miR-6716-5p promotes metastasis of CRC through downregulating NAT10 [12]
expression.
Promotor Up GSK-34 influences the invasion and migration of CRC cells by regulating the [10]
stability and subcellular distribution of NAT10.
Promotor Up NAT10 promotes CRC progression through increasing MN formation and [40]
SASP pathway activation.
Promotor Up NAT10 regulates the Wnt/3-catenin signaling pathway to promote CRC pro- [41]
gression via ac4C acetylation of K/F23 mRNA.
BLCA Promotor Up NAT10 affects the stability and translation efficiency of BCLIL, SOX4 and [43]
AKTI mRNA by modifying ac4C.
Promotor Up NAT10 promotes cisplatin resistance in BLCA cells by modifying AHNAK [44]
mRNA ac4C.
CCa Promotor Up The NAT10/ac4C/FOXP1 axis promotes progression and facilitates immuno- [48]

suppression in CCa.

MITF, microphthalmia-associated transcription factor; CREB, cAMP-responsive element-binding protein; MYCT1, Myc target 1; MORC2,
MORC family CW-type zinc finger 2; THUMPD1, Human THUMP domain protein 1; HCC, hepatocellular carcinoma; EMT, epithelial-
mesenchymal transition; Mdm2, murine double minute 2; HSP90AA1, heat shock protein 90 alpha family class A member 1; GC, gastric
cancer; COL5A1, collagen type V alpha 1 chain; CRC, colorectal cancer; GSK-303, glycogen synthase kinase-33; SASP, senescence-
associated secretory phenotype; ac4C, N4-acetylcytidine; KIF23, kinesin family member 23; BLCA, Bladder urothelial carcinoma; FOXP1,
forkhead-box protein P1; CCa, cervical cancer; CDK2, cyclin-dependent kinase 2; MN, micronuclei; BCL9IL, B-cell lymphoma 9-like;
SOX4, SRY-box transcription factor 4; AKT1, serine/threonine kinase 1; AHNAK, desmoyokin.

ment with remodelin to inhibit NAT10 expression, EMT Conclusion
was reversed by increasing the sensitivity of HCC cells to
doxorubicin. In a mouse xenograft model of HCC, remod-
elin delayed tumor growth and reduced the rate of tumor
cell proliferation, thereby increasing the therapeutic effect
of doxorubicin. In addition to directly inhibiting NAT10 ex-
pression to play an anti-tumor role, it also indirectly inhibits
the expression of hypoxia-inducible factor-1alpha (HIF-1«)
induced by hypoxia, inhibits angiogenesis, and plays an
anti-inflammatory role [71].

NAT10 is an important nucleolar protein that not only
regulates telomerase activity but also participates in DNA
damage reactions, rRNA transcriptional activation, cell di-
vision, microtubule acetylation, and other cellular pro-
cesses [3—6,38]. Abnormal expression or distribution of
NAT10 causes diseases such as HGPS and various tumors
[7-14,68], often with severe consequences. Although a
large number of studies have been carried out on NAT10,
these mainly focused on tRNA and rRNA; research on tu-
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mors from the perspective of ac4C modification is lim-
ited. NATI0 plays a vital role in various tumor pro-
cesses, including proliferation, metastasis, and drug resis-
tance, which indicates that it may be used as a predictor
and prognostic indicator and may represent a potential ther-
apeutic target for diseases, particularly those related to tu-
mors [22]. Although researchers have attempted to ex-
plain the mechanism of action of NAT10 on tumors from
various perspectives, including NAT10 subcellular distri-
bution, metabolism, immunity, and epigenetics (Table 1,
Ref. [7,8,10-13,15,35-41,43,44,48]), many of the studies
have certain limitations, the most common being the lack
of in vivo validation of the findings and the small number
of cells to establish the generalizability of the conclusions.
In addition, different researchers have reached inconsistent
conclusions regarding the same tumor, some of which were
contradictory. The reasons for these differences should be
explored in future studies. An increasing number of stud-
ies have also focused on revealing the role of NAT10 in
tumors through the modification of mRNA ac4C. Remod-
elin is an effective NAT10 inhibitor that, while unable to
cure HGPS, can delay the disease process and exhibit ther-
apeutic effects. Its role in tumor treatment is under constant
exploration and appears promising. However, many diffi-
culties, such as the potential existence of writers other than
NAT10 in ac4C and whether there are any erasers, remain to
be addressed. Although some inhibitors targeting NAT10,
other than remodelin, have been reported, this facet also re-
quires further investigation. It appears likely that in the near
future, we will be able to attain a deeper understanding of
NAT10 and mRNA ac4C that will aid in elucidation of the
role of mRNA ac4C in tumors, providing a new direction
for tumor treatment.
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Gilford progeria syndrome; ac4C, N4-acetylcytidine;
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tal cancer; GSK-3/3, glycogen synthase kinase-35; SASP,
senescence-associated secretory phenotype; KIF23, kinesin
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4; AKT1I, serine/threonine kinase 1; AHNAK, desmoyokin.

Availability of Data and Materials

Not applicable.

Author Contributions

Study Design and Supervision, WM, TC and YL,
Formal analysis and Conceptualization, WM and YL;
Manuscript Writing and Figure Design, TC; Manuscript Re-
view, WM and YL; Funding Acquisition, WM; Final Ap-
proval of the Manuscript, all authors. All authors have par-
ticipated sufficiently in the work and agreed to be account-
able for all aspects of the work.

Ethics Approval and Consent to Participate

Not applicable.

Acknowledgment

Not applicable.

Funding

This study was supported by the National Natural Sci-
ence Foundation of China (82060551).

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Lv J, Liu H, Wang Q, Tang Z, Hou L, Zhang B. Molec-
ular cloning of a novel human gene encoding histone
acetyltransferase-like protein involved in transcriptional activa-
tion of hTERT. Biochemical and Biophysical Research Commu-
nications. 2003; 311: 506-513.

[2] Xie L, Zhong X, Cao W, Liu J, Zu X, Chen L. Mechanisms of
NAT10 as ac4C writer in diseases. Molecular Therapy. Nucleic
Acids. 2023; 32: 359-368.

[3] Ito S, Horikawa S, Suzuki T, Kawauchi H, Tanaka Y, Suzuki T, et
al. Human NAT10 is an ATP-dependent RNA acetyltransferase
responsible for N4-acetylcytidine formation in 18 S ribosomal
RNA (rRNA). The Journal of Biological Chemistry. 2014; 289:
35724-35730.


https://www.discovmed.com/

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Liu H, Ling Y, Gong Y, Sun Y, Hou L, Zhang B. DNA damage
induces N-acetyltransferase NAT10 gene expression through
transcriptional activation. Molecular and Cellular Biochemistry.
2007; 300: 249-258.

Chi YH, Haller K, Peloponese JM, Jr, Jeang KT. Histone acetyl-
transferase hALP and nuclear membrane protein hsSUN1 func-
tion in de-condensation of mitotic chromosomes. The Journal of
Biological Chemistry. 2007; 282: 27447-27458.

Fu D, Collins K. Purification of human telomerase complexes
identifies factors involved in telomerase biogenesis and telomere
length regulation. Molecular Cell. 2007; 28: 773-785.

Ma R, Chen J, Jiang S, Lin S, Zhang X, Liang X. Up regulation
of NAT 10 promotes metastasis of hepatocellular carcinoma cells
through epithelial-to-mesenchymal transition. American Journal
of Translational Research. 2016; 8: 4215-4223.

Liu X, Tan Y, Zhang C, Zhang Y, Zhang L, Ren P, et al. NAT10
regulates p53 activation through acetylating p53 at K120 and
ubiquitinating Mdm2. EMBO Reports. 2016; 17: 349-366.
Zhang X, Liu J, Yan S, Huang K, Bai Y, Zheng S. High ex-
pression of N-acetyltransferase 10: a novel independent prog-
nostic marker of worse outcome in patients with hepatocellular
carcinoma. International Journal of Clinical and Experimental
Pathology. 2015; 8: 14765-14771.

Zhang H, Hou W, Wang HL, Liu HJ, Jia XY, Zheng XZ, et
al. GSK-33-regulated N-acetyltransferase 10 is involved in col-
orectal cancer invasion. Clinical Cancer Research. 2014; 20:
4717-4729.

Oh TI, Lee YM, Lim BO, Lim JH. Inhibition of NAT10 Sup-
presses Melanogenesis and Melanoma Growth by Attenuating
Microphthalmia-Associated Transcription Factor (MITF) Ex-
pression. International Journal of Molecular Sciences. 2017; 18:
1924.

Liu Z, Liu X, Li Y, Ren P, Zhang C, Wang L, et al. miR-6716-
5p promotes metastasis of colorectal cancer through downreg-
ulating NAT10 expression. Cancer Management and Research.
2019; 11: 5317-5332.

Zhang ZX, Zhang WN, Sun YY, Li YH, Xu ZM, Fu WN. CREB
promotes laryngeal cancer cell migration via MYCT1/NAT10
axis. OncoTargets and Therapy. 2018; 11: 1323—-1331.

Wu J, Zhu H, Wu J, Chen W, Guan X. Inhibition of N-
acetyltransferase 10 using remodelin attenuates doxorubicin
resistance by reversing the epithelial-mesenchymal transition
in breast cancer. American Journal of Translational Research.
2018; 10: 256-264.

Zhang Y, Jing Y, Wang Y, Tang J, Zhu X, Jin WL, ef al. NAT10
promotes gastric cancer metastasis via N4-acetylated COL5AL.
Signal Transduction and Targeted Therapy. 2021; 6: 173.

Shen Q, Zheng X, McNutt MA, Guang L, Sun Y, Wang J, et al.
NAT10, a nucleolar protein, localizes to the midbody and regu-
lates cytokinesis and acetylation of microtubules. Experimental
Cell Research. 2009; 315: 1653-1667.

Merideth MA, Gordon LB, Clauss S, Sachdev V, Smith ACM,
Perry MB, et al. Phenotype and course of Hutchinson-Gilford
progeria syndrome. The New England Journal of Medicine.
2008; 358: 592-604.

Hennekam RCM. Hutchinson-Gilford progeria syndrome: re-
view of the phenotype. American Journal of Medical Genetics.
Part a. 2006; 140: 2603-2624.

Sas-Chen A, Thomas JM, Matzov D, Taoka M, Nance KD, Nir
R, et al. Dynamic RNA acetylation revealed by quantitative
cross-evolutionary mapping. Nature. 2020; 583: 638—643.

Jin G, Xu M, Zou M, Duan S. The Processing, Gene Reg-
ulation, Biological Functions, and Clinical Relevance of N4-
Acetylcytidine on RNA: A Systematic Review. Molecular Ther-
apy. Nucleic Acids. 2020; 20: 13-24.

Kumbhar BV, Kamble AD, Sonawane KD. Conformational

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

1343

preferences of modified nucleoside N(4)-acetylcytidine, ac4C
occur at “wobble” 34th position in the anticodon loop of tRNA.
Cell Biochemistry and Biophysics. 2013; 66: 797-816.

Arango D, Sturgill D, Alhusaini N, Dillman AA, Sweet TJ, Han-
son G, et al. Acetylation of Cytidine in mRNA Promotes Trans-
lation Efficiency. Cell. 2018; 175: 1872-1886.¢24.

Jantzen HM, Admon A, Bell SP, Tjian R. Nucleolar transcription
factor hUBF contains a DNA-binding motif with homology to
HMG proteins. Nature. 1990; 344: 830-836.

Russell J, Zomerdijk JCBM. RNA-polymerase-I-directed rDNA
transcription, life and works. Trends in Biochemical Sciences.
2005; 30: 87-96.

Russell J, Zomerdijk JCBM. The RNA polymerase I transcrip-
tion machinery. Biochemical Society Symposium. 2006; 203—
216.

Meraner J, Lechner M, Loidl A, Goralik-Schramel M, Voit R,
Grummt I, ez al. Acetylation of UBF changes during the cell cy-
cle and regulates the interaction of UBF with RNA polymerase
1. Nucleic Acids Research. 2006; 34: 1798-1806.
Hirschler-Laszkiewicz I, Cavanaugh A, Hu Q, Catania J, Avan-
taggiati ML, Rothblum LI. The role of acetylation in rDNA tran-
scription. Nucleic Acids Research. 2001; 29: 4114-4124.
Kong R, Zhang L, Hu L, Peng Q, Han W, Du X, ef al. hALP,
a novel transcriptional U three protein (t-UTP), activates RNA
polymerase 1 transcription by binding and acetylating the up-
stream binding factor (UBF). The Journal of Biological Chem-
istry. 2011; 286: 7139-7148.

Cai S, Liu X, Zhang C, Xing B, Du X. Autoacetylation of
NAT10 is critical for its function in rRNA transcription activa-
tion. Biochemical and Biophysical Research Communications.
2017; 483: 624-629.

Taoka M, Ishikawa D, Nobe Y, Ishikawa H, Yamauchi Y, Teruk-
ina G, et al. RNA cytidine acetyltransferase of small-subunit ri-
bosomal RNA: identification of acetylation sites and the respon-
sible acetyltransferase in fission yeast, Schizosaccharomyces
pombe. PLoS ONE. 2014; 9: e112156.

Boccaletto P, Machnicka MA, Purta E, Piatkowski P, Baginski
B, Wirecki TK, et al. MODOMICS: a database of RNA modi-
fication pathways. 2017 update. Nucleic Acids Research. 2018;
46: D303-D307.

Stern L, Schulman LH. The role of the minor base N4-
acetylcytidine in the function of the Escherichia coli noninitiator
methionine transfer RNA. The Journal of Biological Chemistry.
1978; 253: 6132-6139.

Ito S, Akamatsu Y, Noma A, Kimura S, Miyauchi K, Ikeuchi Y,
et al. A single acetylation of 18 S rRNA is essential for biogene-
sis of the small ribosomal subunit in Saccharomyces cerevisiae.
The Journal of Biological Chemistry. 2014; 289: 26201-26212.
Sharma S, Langhendries JL, Watzinger P, Kétter P, Entian KD,
Lafontaine DLJ. Yeast Kre33 and human NAT10 are conserved
18S rRNA cytosine acetyltransferases that modify tRNAs as-
sisted by the adaptor Tanl/THUMPDI1. Nucleic Acids Research.
2015; 43: 2242-2258.

Liu HY, Liu YY, Yang F, Zhang L, Zhang FL, Hu X, ef al.
Acetylation of MORC2 by NAT10 regulates cell-cycle check-
point control and resistance to DNA-damaging chemotherapy
and radiotherapy in breast cancer. Nucleic Acids Research.
2020; 48: 3638-3656.

Zhang X, Jiang G, Sun M, Zhou H, Miao Y, Liang M, et al.
Cytosolic THUMPD1 promotes breast cancer cells invasion and
metastasis via the AKT-GSK3-Snail pathway. Oncotarget. 2017;
8: 13357-13366.

Li Q, Liu X, Jin K, Lu M, Zhang C, Du X, et al. NAT10 is up-
regulated in hepatocellular carcinoma and enhances mutant p53
activity. BMC Cancer. 2017; 17: 605.

Tan'Y, Zheng J, Liu X, Lu M, Zhang C, Xing B, et al. Loss of nu-


https://www.discovmed.com/

1344

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

cleolar localization of NAT 10 promotes cell migration and inva-
sion in hepatocellular carcinoma. Biochemical and Biophysical
Research Communications. 2018; 499: 1032-1038.

PanZ,Bao Y, HuM, Zhu Y, Tan C, Fan L, et al. Role of NAT10-
mediated ac4C-modified HSP9OAA1 RNA acetylation in ER
stress-mediated metastasis and lenvatinib resistance in hepato-
cellular carcinoma. Cell Death Discovery. 2023; 9: 56.

Cao Y, Yao M, Wu Y, Ma N, Liu H, Zhang B. N-
Acetyltransferase 10 Promotes Micronuclei Formation to Acti-
vate the Senescence-Associated Secretory Phenotype Machin-
ery in Colorectal Cancer Cells. Translational Oncology. 2020;
13: 100783.

Jin C, Wang T, Zhang D, Yang P, Zhang C, Peng W, et al. Acetyl-
transferase NAT10 regulates the Wnt/g3-catenin signaling path-
way to promote colorectal cancer progression via ac*C acetyla-
tion of KIF23 mRNA. Journal of Experimental & Clinical Can-
cer Research. 2022; 41: 345.

Xia 'Y, Wei Z, Huang W, Wei X, He Y. Trim47 overexpression
correlates with poor prognosis in gastric cancer. Neoplasma.
2021; 68: 307-316.

Wang G, Zhang M, Zhang Y, Xie Y, Zou J, Zhong J, et al.
NAT10-mediated mRNA N4-acetylcytidine modification pro-
motes bladder cancer progression. Clinical and Translational
Medicine. 2022; 12: 738.

Xie R, Cheng L, Huang M, Huang L, Chen Z, Zhang Q, et al.
NAT10 Drives Cisplatin Chemoresistance by Enhancing ac4C-
Associated DNA Repair in Bladder Cancer. Cancer Research.
2023; 83: 1666—-1683.

Liang P, Hu R, Liu Z, Miao M, Jiang H, Li C. NAT10 upreg-
ulation indicates a poor prognosis in acute myeloid leukemia.
Current Problems in Cancer. 2020; 44: 100491.

Tan TZ, Miow QH, Huang RYJ, Wong MK, Ye J, Lau JA, et
al. Functional genomics identifies five distinct molecular sub-
types with clinical relevance and pathways for growth control in
epithelial ovarian cancer. EMBO Molecular Medicine. 2013; 5:
1051-1066.

Xu H, Jiang B, Meng L, Ren T, Zeng Y, Wu J, et al.
N-a-acetyltransferase 10 protein inhibits apoptosis through
RelA/p65-regulated MCL1 expression. Carcinogenesis. 2012;
33: 1193-1202.

Chen X, Hao Y, Liu Y, Zhong S, You Y, Ao K, ef al.
NAT10/ac4C/FOXP1 Promotes Malignant Progression and Fa-
cilitates Immunosuppression by Reprogramming Glycolytic
Metabolism in Cervical Cancer. Advanced Science. 2023; 10:
€2302705.

Fedorchak GR, Kaminski A, Lammerding J. Cellular
mechanosensing: getting to the nucleus of it all. Progress in
Biophysics and Molecular Biology. 2014; 115: 76-92.

Dechat T, Adam SA, Taimen P, Shimi T, Goldman RD. Nuclear
lamins. Cold Spring Harbor Perspectives in Biology. 2010; 2:
a000547.

Osmanagic-Myers S, Dechat T, Foisner R. Lamins at the cross-
roads of mechanosignaling. Genes & Development. 2015; 29:
225-237.

Prokocimer M, Davidovich M, Nissim-Rafinia M, Wiesel-
Motiuk N, Bar DZ, Barkan R, ef al. Nuclear lamins: key regu-
lators of nuclear structure and activities. Journal of Cellular and
Molecular Medicine. 2009; 13: 1059-1085.

Cohen M, Lee KK, Wilson KL, Gruenbaum Y. Transcriptional
repression, apoptosis, human disease and the functional evo-
lution of the nuclear lamina. Trends in Biochemical Sciences.
2001; 26: 41-47.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Melcer S, Gruenbaum Y, Krohne G. Invertebrate lamins. Exper-
imental Cell Research. 2007; 313: 2157-2166.
Dechat T, Pfleghaar K, Sengupta K, Shimi T, Shumaker DK,

Solimando L, ef al. Nuclear lamins: major factors in the struc-
tural organization and function of the nucleus and chromatin.

Genes & Development. 2008; 22: 832-853.

Broers JLV, Ramaekers FCS, Bonne G, Yaou RB, Hutchison CJ.
Nuclear lamins: laminopathies and their role in premature age-
ing. Physiological Reviews. 2006; 86: 967—-1008.

Verstracten VLRM, Broers JLV, Ramackers FCS, van Steensel
MAM. The nuclear envelope, a key structure in cellular integrity
and gene expression. Current Medicinal Chemistry. 2007; 14:
1231-1248.

Schumacher J, Reichenzeller M, Kempf T, Schndlzer M, Her-
rmann H. Identification of a novel, highly variable amino-
terminal amino acid sequence element in the nuclear intermedi-
ate filament protein lamin B(2) from higher vertebrates. FEBS
Letters. 2006; 580: 6211-6216.

Lammerding J, Schulze PC, Takahashi T, Kozlov S, Sullivan T,
Kamm RD, et al. Lamin A/C deficiency causes defective nuclear
mechanics and mechanotransduction. The Journal of Clinical In-
vestigation. 2004; 113: 370-378.

Lee JSH, Hale CM, Panorchan P, Khatau SB, George JP, Tseng
Y, et al. Nuclear lamin A/C deficiency induces defects in cell
mechanics, polarization, and migration. Biophysical Journal.
2007; 93: 2542-2552.

Ungricht R, Kutay U. Mechanisms and functions of nuclear en-
velope remodelling. Nature Reviews. Molecular Cell Biology.
2017; 18: 229-245.

Gonzalo S, Kreienkamp R, Askjaer P. Hutchinson-Gilford
Progeria Syndrome: A premature aging disease caused by
LMNA gene mutations. Ageing Research Reviews. 2017; 33:
18-29.

Capell BC, Collins FS. Human laminopathies: nuclei gone ge-
netically awry. Nature Reviews. Genetics. 2006; 7: 940-952.
De Sandre-Giovannoli A, Bernard R, Cau P, Navarro C, Amiel
J, Boccaccio I, et al. Lamin a truncation in Hutchinson-Gilford
progeria. Science. 2003; 300: 2055.

Eriksson M, Brown WT, Gordon LB, Glynn MW, Singer J,
Scott L, et al. Recurrent de novo point mutations in lamin
A cause Hutchinson-Gilford progeria syndrome. Nature. 2003;
423: 293-298.

Cohen TV, Hernandez L, Stewart CL. Functions of the nuclear
envelope and lamina in development and disease. Biochemical
Society Transactions. 2008; 36: 1329-1334.

Lopez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G.
The hallmarks of aging. Cell. 2013; 153: 1194-1217.

Larrieu D, Britton S, Demir M, Rodriguez R, Jackson SP. Chem-
ical inhibition of NAT10 corrects defects of laminopathic cells.
Science. 2014; 344: 527-532.

Balmus G, Larrieu D, Barros AC, Collins C, Abrudan M, Demir
M, et al. Targeting of NAT10 enhances healthspan in a mouse
model of human accelerated aging syndrome. Nature Commu-
nications. 2018; 9: 1700.

Zhang X, Chen J, Jiang S, He S, Bai Y, Zhu L, et al. N-
Acetyltransferase 10 Enhances Doxorubicin Resistance in Hu-
man Hepatocellular Carcinoma Cell Lines by Promoting the
Epithelial-to-Mesenchymal Transition. Oxidative Medicine and
Cellular Longevity. 2019; 2019: 7561879.

Wu Y, Cao Y, Liu H, Yao M, Ma N, Zhang B. Remodelin, an
inhibitor of NAT10, could suppress hypoxia-induced or consti-
tutional expression of HIFs in cells. Molecular and Cellular Bio-
chemistry. 2020; 472: 19-31.


https://www.discovmed.com/

	Introduction
	NAT10 is Involved in Cellular Processes
	NAT10 and mRNA Ac4C
	NAT10 and Tumors
	Melanoma
	Laryngeal Cancer
	Breast Cancer
	HCC
	CRC
	GC
	Bladder Urothelial Carcinoma (BLCA)
	Other Tumors

	NAT10 and HGPS
	NAT10 Inhibitor: Remodelin
	Conclusion
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

