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Amonafide Induces HUVEC Senescence by Inhibiting
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Background: Amonafide (Amo), due to hematotoxicity and digestive tract symptoms, the clinical application of which is limited.
Several studies have reported that chemotherapy side effects are closely related to cellular senescence accumulation. Our study
aims to examine whether amonafide causes senescence in human umbilical vein endothelial cell (HUVEC) lines and investigate
its mechanisms associated with senescence.

Methods: The experiments of expression of genes and proteins associated with aging were carried out with HUVEC cell lines. The
experiments were divided into a control group and an amonafide group with different days. The HUVEC senescence cells were
detected by SA-S3-Gal staining, Western blotting detected the protein levels of p16, p53, AMPK (Adenosine 5’-Monophosphate
(AMP)-Activated Protein Kinase), mTOR (mechanistic Target of Rapamycin), p62, and LC3 (microtubule-associated proteinl
light chain 3, MAP1LC3). Fluorescence detected the expression of mRFP (monomeric Red Fluorescent Protein)-GFP (Green Flu-
orescent Protein)-LC3 and LC3 puncta of HUVEC cells. RT-qPCR (Real-Time Quantitative Polymerase Chain Reaction) tested
the expressions of p53, p21, IL (Interleukin)-153, IL-6 (Interleukin-6), IL-8 (Interleukin-8), and MCP-1 (Monocyte Chemoattrac-
tant Protein-1). CCK-8 (Cell Counting Kit-8) assessed the HUVEC cell viability.

Results: Here, we reported that amonafide resulted in an increased proportion of SA-3-Gal positive cells, high expression of
aging-related proteins (p53 p < 0.05; p16 p < 0.05), and aging-related genes (p53 p < 0.05; p21 p < 0.05; IL-13 p < 0.05; IL-6 p
< 0.05; IL-8 p < 0.05; MCP-1 p < 0.05) on the 3rd day. Mechanistically, amonafide could cause an increase in the levels of the
mTOR (p < 0.05) on days 1 and 3, and p62 protein (p < 0.05) on day 1, and a decline in LC3II (microtubule-associated proteinl
light chain 31I)/LC3I levels (p < 0.05) on day 3, which is associated with the regulation of senescence. Additionally, the viability
of HUVECs (human umbilical vein endothelial cells) was significantly inhibited by amonafide starting with a concentration of
0.8 um (p < 0.05).

Conclusions: We first discovered that amonafide caused normal cellular senescence in our experiments. Amonafide-induced
cellular aging by inhibiting autophagy and activating the mTOR pathway. The findings may offer new strategies for managing
adverse reactions to amonafide.
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Introduction suppression of bone marrow (leukopenia, neutropenia, and
anemia), phlebitis after chemotherapy and cardiac dysfunc-

Amonafide, a DNA intercalating agent, exhibits sig- tion, which limits its application [6]. Therefore, it is urgent

nificant anticancer activities by interfering with topoi-
somerase 2 (Topo II) activity [1]. In recent years,
many researchers have studied the chemotherapeutic ef-
fect of amonafide on tumors of various types, including
melanoma, breast cancer, and hepatic carcinoma [2—4].
Amonafide was used in a Phase III clinical trial in secondary
acute myeloid leukemia (SAML) [5]. Although amonafide
has been used widely in the clinic forits powerful antitu-
mor properties, it can cause serious side effects, including

to determine the reasons why adverse reactions occur.

Senescence is the permanent cell growth arrest in pro-
liferating cells under different stresses. The morphological
features of senescent cells include large, irregular cells with
prominent nuclei and multiple nuclei [7]. Additionally,
senescent cells release the SASP (Senescence-Associated
Secretory Phenotype), which controls many of their non-
cell-autonomous functions [8]. The aging process is char-
acterized by a progressive decline in physiological func-
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tion, increasing vulnerability to death [9]. The term ‘aging’
refers to the combination of diseases, disorders, and symp-
toms associated with old age, such as wrinkles and presby-
opia, stroke, and cancer metastasis [10]. Chemotherapeutic
drugs play a crucial role in cancer patients. The cytotoxicity
of these drugs often causes a variety of similar side effects,
such as immunosuppression, fatigue, anemia, nausea, di-
arrhea, and alopecia in dividing cells [11]. Scholars have
recently found that chemotherapeutic drugs induce cellular
changes such as senescence. Wu et al. [12] showed that
doxorubicin-induced cardiotoxicity is associated with car-
diomyocyte senescence. Demaria et al. [13] also reported
that the senescence of cells is responsible for chemother-
apy side effects and cancer relapse. Zheng et al. [14] stated
that many antimetabolic drugs, including fluorouracil, treat
malignant tumors by miscoding RNA and inhibiting DNA
synthesis from promoting senescent endothelial cells. En-
dothelial senescence contributes to endothelial dysfunction
and vascular diseases such as atherosclerosis, thus increas-
ing cardiovascular risk [14]. Amonafide can prevent DNA
strand religation, resulting in double-strand breaks (DSBs).
DNA damage causes cellular aging [15]. Because of the
mechanism of action of amonafide, we hypothesize that its
side effects are related to inducing cellular senescence.

Autophagy is a process of cellular digestion that
eliminates damaged macromolecules and organelles. Au-
tophagy is closely related to aging. Under stress condi-
tions such as chemotherapy, autophagy is altered in re-
sponse to the adaptive cellular response, which is tightly
controlled by signaling pathways modulating the cellular
autophagic flux including mTOR (mechanistic Target of
the Rapamycin) and AMPK (Adenosine 5’-Monophosphate
(AMP)-Activated Protein Kinase).  Dysregulated au-
tophagy leads to the occurrence of senescence [16]. Several
studies have shown that autophagy delays aging and life ex-
tension; However, autophagy inhibition leads to senescence
[17].

The mTOR pathway is an evolutionarily conserved
signaling pathway that integrates environmental and intra-
cellular communication to coordinate the nutrients and reg-
ulation of autophagy in senescence [18]. Studies have also
shown that multiple signal transduction pathways, includ-
ing mTOR, modulate various aspects of autophagy, such
as initiation, processing, and termination [19]. The acti-
vation of mTOR signaling downregulates autophagy and
causes an accumulation of senescent cells [20]. Recently,
researchers revealed that mTOR signaling plays an essential
role in aging and age-related diseases [21]. In our current
study, we examined the effects and mechanism of amon-
afide on HUVEC (human umbilical vein endothelial cell)
lines and deeply explored the relationships between amon-
afide, senescence, the mTOR signaling pathway, and au-
tophagy. This was the first time we found that amonafide
caused HUVEC senescence by activating mTOR and in-
hibiting autophagy.
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Materials and Methods

Materials

Amonafide (S1367), rapamycin (S1309), chloroquine
diphosphate salt (CQ, S4157), and doxorubicin (S1208)
were purchased from Selleck (Shanghai, China). L-
glutamine (G0201), penicillin (S4610) and streptomycin
(S82572) were purchased from Solarbio (Beijing, China).
Adding a complete medium was considered a vehicle con-
trol.

Cell Culture

HUVECs were obtained from the Hunan Fenghui
Biotechnology Co., Ltd. (Loudi, China). The cells had
been tested for mycoplasma and validated by STR (Short
Tandem Repeat). In Roswell Park Memorial Institute-1640
medium (RPMI-1640) supplemented with 10% fetal calf
serum (FBS), the cells were cultured on gelatin at 37 °C
with 5% CO,. Cells in passages 3 to 5 were used in experi-
ments. In 12-well cell culture plates, HUVECs were plated
at a density of 3000 cells/cm? and grown until 70% conflu-
ency.

SA-B-Gal Staining

HUVECs were treated with amonafide and doxoru-
bicin for five days. To observe the proportion of cellular
senescence, we utilized a histochemical staining kit of cel-
lular SA-5-Gal (Cat#G1580, Solarbio, Beijing, China) to
detect cellular senescence according to the manufacturer’s
protocol. Blue-green staining of senescent cells was evi-
dent under an inverted microscope. The experiment was
conducted three times.

Cell Viability Assays

Cell viability was detected by CCK-8 (Cell Count-
ing Kit-8) reagent (CA1210, Solarbio, Beijing, China) fol-
lowing the recommendations provided by the manufacturer.
HUVECs (1 x 10*/well) were seeded into 96-well plates.
All experiments were conducted in triplicate. Every well
was seeded withcells suspended in 100 uL of complete
medium with each treatment. After treatment, CCK-8 (10
uL/well) was added for an additional 2 h of incubation, and
absorption was measured at 450 nm.

RNA Isolation and Real-Time gPCR (Quantitative
Polymerase Chain Reaction) (RT-gPCR)

After treatment, HUVECs were lysed with Invitrogen
TRIzol reagent (15596026CN, Thermo Scientific, Shang-
hai, China), and total RNA was extracted. The concen-
tration of RNA was determined by an ultraviolet spec-
trophotometer (912A1024, NanoDrop, Thermo Scientific,
Shanghai, China). The RNA concentration measured is
measured in ng/puL. cDNA (complementary DNA) was
synthesized utilizing M-MLV (Moloney Murine Leukemia
Virus Reverse Transcriptase) reverse transcriptase (M5301,
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Table 1. Primer sequences.

Primer name Forward (5'—3")

Reverse (5'—3")

18s TTGACGGAAGGGCACCACCAG
h-p21 TGTCCGTCAGAACCCATGC
h-p53 TGCGTGTGGAGTATTTGGATG

h-IL-8 TTTTGCCAAGGAGTGCTAAAGA
h-1L-15 CAGCCAGATGCAATCAATGCC
h-MCP-1 ATGATGGCTTATTACAGTGGCAA
IL-6 ACTCACCTCTTCAGAACGAAT

GCACCACCACCCACGGAATCG
AAAGTCGAAGTTCCATCGCTC
TGGTACAGTCAGAGCCAACCTC
AACCCTCTGCACCCAGTTTTC
TGGAATCCTGAACCCACTTCT
GTCGGAGATTCGTAGCTGGA
CCATCTTTGGAAGGTTCAGGTTG

Promega, Madison, WI, USA) from 1 ug total RNA. The
synthesized cDNA was subjected to PCR-based amplifica-
tion. There was no genomic DNA in the samples. We used
the HiScript II 1st Strand cDNA Synthesis kit instructions
(R211-01, Vazyme, Nanjing, China), to amplify the synthe-
sized cDNA on an ABI 7500 Fast Real-time PCR system
(4359284, 7500Fast, Applied Biosystems, Carlsbad, CA,
USA); The reverse transcription condition: 50 °C 15 min
— 85 °C 5 sec. The primers for qRT-PCR were as follows
(Table 1). Next, we used a Real-time fluorescence quanti-
tative PCR instrument (7900, ABI, Waltham, MA, USA),
followed by the instruction procedure for Real-time-PCR
reaction using 2x SYBR (Synergy Brands) Green qPCR
Master Mix (Q712-02, Vazyme, Nanjing, China), the exper-
iment was repeated thrice using the 18 sec ribosomal RNA
sequences as an internal reference.

The data were analyzed using Step One Software
(v2.2, ABI, Waltham, MA, USA) to obtain the relative ex-
pression of genes. Using the 2~24¢* method to calculate
each gene expression associated with the 18 sec.

Western Blot

Mammalian cell-PE LB™ (polyethylene Lysis
Buffer™ade Marrky byffer (Organic buffer & 10 Mm NaCl
& detergent, Ph 7.5) (GB-180, G-Biosciences & Geno
Technology, St. Louis, MO, USA) containing phosphatase
(Sigma-Aldrich, St, Louis, MO, USA) was utilized to ex-
tract total proteins from harvested cells. All protein concen-
trations were detected using a BCA (Butyleyanoacrylate)
protein assay kit (71285-M, Sigma-Aldrich, St. Louis, MO,
USA). Protein samples for western blotting were separated
by SDS-PAGE (Sodium Dodecyl Sulfate-Polyacrylamide
Gel Electrophoresis) and transferred to polyvinylidene
difluoride membranes (1620177, Bio-Rad, Hercules, CA,
USA). The membrane was embedded with 5% skim milk
for 1 h and then incubated with a primary antibody against
GAPDH (glyceraldehyde-3-phosphate  dehydrogenase)
(1:2000 in 5% BSA (Bovine Serum Albumin)), (#5174,
CST (Cell Signaling Technology, Inc.), Boston, MA,
USA), pl6 (1:1000, SR34-02, Huaan Biotechnology,
Hangzhou, China), p53 (p6374, 1:1000, Invitrogen,
Carlsbad, CA, USA), t-mTOR (Cat#2972, 1:1000, CST,
Boston, MA, USA), p-mTOR (Cat#5536, 1:1000, CST,
Boston, MA, USA), t-AMPK (Cat#5759, 1:1000, CST,

Boston, MA, USA), p-AMPKa (Thr172) (Cat#2535,
1:1000, CST, Boston, MA, USA), p62 (Cat#48768,
1:1000, CST, Boston, MA, USA) and anti-LC3 (antibody
recognizes LC3 (microtubule-associated protein 1 light
chain 3, MAPILC3)) (12741, 1:1000, CST, Boston,
MA, USA) followed by incubation with a Peroxidase-
conjugated secondary antibody for 1 h at room temperature.
Peroxidase-conjugated Affinipure Goat anti-Mouse IgG
(immunoglobulin G) (H + L) (Cat#SA00001-1, 1:10000)
was from Proteintech (Wuhan, China).  Peroxidase-
conjugated Affinipure Goat anti-Rabbit IgG (H + L)
(Cat#SA00001-2, 1:10000) was from Proteintech (Wuhan,
China). The western blot grayscale value was measured
with the ImageJ (V1.8.0.112, National Institutes of Health,
Bethesda, MD, USA) software. Final grey value = (target
gene band grey value — blank value)/(reference gene band
grey value — blank value), n = 3.

Fluorescence Analysis of Cells Expressing mRFP
(monomeric Red Fluorescent Protein)-GFP (Green
Fluorescent Protein)-LC3 and LC3 Puncta

According to the manufacturer’s instructions, the
mRFP-GFP-LC3 plasmid (gt-ap-pl101, Xingtuo Biotech-
nology, Shanghai, China) was cotransfected into HUVECs,
and G418 sulfate (108321-42-2, Solbio, Beijing, China)
was added. In these cells, red fluorescent protein (RFP) and
green fluorescent protein (GFP) fluorescence was used to
investigate the intracellular localization of LC3 protein. We
obtained images on an inverted fluorescence microscope.
By applying the colocalization macro for red and green
puncta to the red and green colocalization macro puncta for
the ImageJ program, we determined the number of puncta
of LC3 [21]. LC3 puncta were counted in 40 randomly cho-
sen cells per treatment group. The GFP+RFP+ puncta have
a yellow color, and the GFP—-RFP+ puncta have a red color.
The experiment was conducted three times.

Statistical Analysis

GraphPad Prism (Version 6.0, GraphPad Software
Inc., San Diego, CA, USA) was used for statistical data
analysis. All data are expressed as the mean £+ SD
(Standard Deviation). Among multiple groups, one-way
ANOVA (Analysis of Variance) was performed. Intergroup
differences were analyzed by using Tukey’s test. p values
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< 0.05 were deemed statistically significant. An assay was
performed in triplicate.

Results

Amonafide Activates SA-B-Gal Activity in HUVECs
and Inhibits Cell Viability

Regarding cellular senescence, we examined the ef-
fect of amonafide on HUVECSs. Researchers have reported
that doxorubicin may lead to normal cellular senescence
[12]. HUVECs: are frequently used to build cellular senes-
cence models. As shown in Fig. 1a,b, when HUVECs were
exposed to amonafide at concentrations between 0.3 um
and 1.0 pm, more were stained blue-green by SA-3-Gal
than the control group. Furthermore, we discovered that
the ratio of positive cells was over 40% within the range of
Amo-treated concentrations (0.3—1.0 um), especially with
concentrations of 0.5 um, the positive ratio of which was
similar to that of doxorubicin (0.15 pm) (Fig. la,c, p <
0.05). Based on these data, amonafide, similar to doxoru-
bicin, could induce cells to enter a senescent state. Amo-
treated HUVECs became large and flattened as the days
passed, and on day 4, dead cells began to appear (Fig. 1d,e,
p < 0.05). We then determined the viability of cells at dif-
ferent concentrations. The viability test was performed af-
ter HUVECs were treated with amonafide for 3 days. As
shown in Fig. If, cell viability declined rapidly from 0.8
pm amonafide (p < 0.01). The above result demonstrates
that cell viability is not only affected by amonafide in a
dose-dependent manner, but amonafide also leads to cel-
lular senescence.

Amonafide can Induce an Increase in Aging-Related
Proteins and the Production of SASP in HUVECs

Cellular senescence is a stress response that induces
irreversible cell cycle halt and substantial phenotypic alter-
ations, including the formation of a bioactive secretome,
known as SASP. In cellular senescence, accompanied by
the increase of p53 and p16 protein levels and the activation
of the senescence-related level of mRNA (messenger Ri-
bonucleic Acid) of p53, p21[15]. The study found a gradual
increase in p16 and p53 protein levels from day 1 to day 3
(Fig. 2a—, p < 0.05). p53 and p21 mRNA expression grad-
ually increased from day 1 to day 3 (Fig. 2d,e, p < 0.05).
Consistent with the above results, SASP, such as /L-173
(Interleukin-10), IL-6 (Interleukin-6), /L-8 (Interleukin-8),
and MCP-1 (Monocyte Chemoattractant Protein-1), were
significantly increased on day 3 (Fig. 2f—i, p < 0.05). Ac-
cording to these data, amonafide activates aging-related se-
cretion phenotypes and drives the expression of aging mark-
ers in HUVECs.
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Amonafide Causes Cellular Aging by Interfering
with Autophagy

Autophagy is closely linked to aging; Researchers
have demonstrated that hindering autophagy should result
in senescence. To illustrate the relationship between au-
tophagy and amonafide-induced HUVEC senescence, we
used three detection methods: Western blotting, SA-5-Gal
staining, and immunofluorescence. Autophagy is closely
associated with the expression levels of proteins including
LC3 and p62 [22,23]. The LC3II (microtubule-associated
proteinl light chain 3II)/LC3I ratio decreases when au-
tophagy is suppressed as p62 protein levels rise. As shown
in Fig. 3a—c, when HUVECs were treated with amonafide
from 1 to 3 days, the p62 protein level statistically sig-
nificantly increased on day 1 and was slightly elevated on
day 3 (p < 0.05). Autophagy flux refers to the sum of au-
tophagic molecular events, ranging from autophagy induc-
tion and autophagosome formation to autolysosomal degra-
dation and lysosome reformation [24]. LC3 is commonly
considered a model substrate to measure autophagic flux.
HUVECs were stably transfected with an RFP-GFP-LC3
protein in tandem to detect LC3, followed by GFP+RFP+
appearing yellow and GFP-RFP+ appearing red [25]. Yel-
low LC3 puncta indicate nonfunctional autolysosomes and
inactive autophagic flux, whereas red LC3 puncta repre-
sent the opposite result (Fig. 3d). The immunofluores-
cence results showed that under oxidative stress induced
by amonafide, the red LC3 dots of LC3 punctate cells of
HUVECs gradually decreased, while the yellow LC3 dots
increased (Fig. 3e,f). Chloroquine diphosphate salt (CQ),
an inhibitor of lysosomes, is used to perform blocking ex-
perimental proofs. Compared to the control group, the CQ
group showed higher levels of p62 expression and lower
levels of LC3II/LC3I1. However, the addition of CQ did
not result in a higher level of p62 and a lower ratio of
LC3II/LC3I expression of these molecules compared to the
amonafide treatment group (Fig. 3g—i, p < 0.05). Accord-
ing to Fig. 3j,k, CQ did not increase the yellow LC3 puncta
over a broader range, indicating that the CQ and amon-
afide groups all had low degradation potency. Addition-
ally, senescent cells were increased with the addition of CQ
alone, consistent with the SA-$-Gal staining ratio of the
amonafide treatment group alone. The two reagent com-
binations did not result in a further increase in senescence
cells. These findings indicate that amonafide induces senes-
cence in cells by inhibiting autophagy.

Autophagy and Autophagy Flux are Inhibited by
Amonafide through the mTOR Pathway

Both AMPK and mTOR are major junctions in the
autophagy-regulating signaling network [26]. Next, we in-
vestigated how autophagy is inhibited by monitoring these
two critical signaling pathways. Proteins were harvested
from HUVECs at 1 and 3 days after amonafide treatment,
respectively, and western blotting was performed. On day
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(TR}

statistically significant. D, day.

3, mTOR phosphorylation levels increased significantly,
whereas AMPK phosphorylation levels did not change sig-
nificantly (Fig. 4a—c, p < 0.05). Next, we focused on the
mTOR signaling pathway and conducted experiments to
block it. Rapamycin, an mTOR-dependent autophagy acti-
vator, was chosen for inhibition experiments. As indicated
in Fig. 4d,e, rapamycin inhibited the protein phosphoryla-
tion level of amonafide-activated mTOR in cells, especially

represents no medicine; “+” represents the presence of medication.

on the 3rd day, when compared to the amonafide group.
Furthermore, when rapamycin was added, autophagy asso-
ciated with amonafide was reactivated. The results revealed
a decrease in p62 protein levels and an increase in LC3II
(microtubule-associated proteinl light chain 311)/LC3I ra-
tios (Fig. 4d,f,g, p < 0.05). According to immunofluores-
cence, the amonafide group had more yellow LC3 spots
than rapamycin, while the rapamycin group had increased
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red LC3 puncta (Fig. 4h,i). Meanwhile, the percentage
of SA-f-Gal-positive cells significantly decreased in the
amonafide plus rapamycin groups compared to the amon-
afide group (Fig. 4j,k, p < 0.05). Based on these results,
amonafide limits autophagic flux and causes senescence in
HUVECsS by stimulating the mTOR pathway.

Discussion

In mammalian tissues, senescent cells increase with
age and have been found at age-related pathological sites
such as osteoarthritis and atherosclerosis [26,27], indicat-
ing that senescence plays a role in the aging of organisms.
In addition, chemotherapy has been shown to induce cel-
lular senescence in human patients [28]. Two recent stud-
ies have shown that the selective removal of senescent cells
induced by chemotherapy ameliorates the adverse effects
of chemotherapy and improves tissue homeostasis in mice
[29-31]. Bhayadia et al. [32] point out that endothelial
senescence might be induced by endothelial dysfunction.
This study is the first to demonstrate that amonafide, one

of the broad-spectrum antitumor drugs in clinical use, can
cause human HUVECS to age and significantly suppresses
the proliferation ability and activity of HUVECs. This dis-
covery makes us understand the relationship between the
side effects of amonafide and aging and provides a new
theoretical basis for the clinical treatment of amonafide-
related side effects. Furthermore, the experiments showed
that amonafide inhibits autophagy and autophagy flux in
cells by activating mTOR, not AMPK.

In recent years, researchers have investigated the ef-
ficacy of amonafide in treating blood-related diseases and
solid malignancies, such as lung and breast cancer [2,5,33].
The side effects of chemotherapy drugs, such as suppres-
sion of bone marrow and cardiovascular injury, limit their
use. In our study, we found that amonafide induced a de-
crease in cell viability, proinflammatory cytokine release
(IL-13, TNF-a, IL-8, MCP-1), and an increase in SA-3-Gal
activity as well as aging-related proteins and genes (p16,
p33, p21). These play an essential role in the application
of amonafide in chemotherapy. Unfortunately, adverse re-
actions significantly limit its application. It is necessary
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to look for possible mechanisms causing adverse reactions.
The above data show that amonafide significantly induced
cellular senescence in HUVECs, which might be closely
linked with the side effects. The research supplies new
thoughts for the in-depth study of amonafide.

Chemotherapeutic agents, such as doxorubicin, fluo-
rouracil, and amonafide, are common for patients with ad-
vanced cancer. However, patients frequently suffer and
experience systemic toxicity and many adverse outcomes
from treatment, including weight and hair loss, vomiting,
and an increased risk of infection. Research has increas-
ingly focused on TIS (Therapeutic Induced Senescence),
which may become a new target for relieving adverse
chemotherapy effects. In addition to adverse effects, the
cause of recurrence after a period of chemotherapy treat-
ment is also a problem we need to address. In recent years,
researchers have found that TIS leads to adverse side effects
and may activate cancer cells’ invasive properties and in-
duce stemness, simultaneously increasing the risk of tumor
recurrence [34]. Our research only studied the relationship
between amonafide and normal cells; We will also focus on
the relationship between amonafide and cancer cell resis-
tance.

Recent research has found that autophagy is a dynamic
process that allows endothelial cells (ECs) to respond to en-
vironmental changes and regulate their function [35]. The
age-related inhibition of proteostasis and consequent accu-
mulation of protein aggregates in ECs have been associated
with defects in autophagy and endothelial dysfunction. A
possible mechanism between autophagy and senescence is
that inhibition of autophagy can regulate the activation of
the SASP [36]. A well-known function of p62 is to induce
SASP production and activate the mTOR pathway through
amino acid sensing. As a result of increased levels of p62
in autophagy-deficient cells, proteasomal degradation is in-
hibited, leading to the accumulation of protein aggregates.

In the present research, we found that autophagy-
related proteins and p62 protein levels were upregulated,
and LC3I and LC3II protein levels were considerably al-
tered. Amonafide induced cellular aging of endothelial
cells by activating the senescence critical node mTOR sig-
naling pathway and inhibiting autophagy. The activation of
mTOR was closely linked with the adverse effects of amon-
afide. These new findings establish a theoretical founda-
tion for evaluating the toxicological impacts of amonafide
in vitro. Perhaps the choice of an mTOR-dependent au-
tophagy activator would be an option for the remission of
the side effects of amonafide.

Rapamycin is a known anti-aging drug used as an an-
tiproliferative and immunosuppressive drug with a variety
of clinical applications [37]. In vitro experiments have in-
dicated that rapamycin can alleviate senescence induced by
amonafide. We will conduct animal experiments in the fu-
ture to further study the mitigating effects of rapamycin. In
a study by Feng et al. [38], aspirin’s effects on doxoru-

bicin’s late-onset side effects were ameliorated by senes-
cence suppression. Aljobaily et al. [39] also found that cre-
atine protects the liver from doxorubicin-induced damage
by preventing cellular senescence. Related research based
on similarity and anti-aging drugs may play a crucial role in
mitigating the negative impact of amonafide. Further stud-
ies will look at anti-aging medications and examine whether
anti-aging treatments might mitigate the adverse effects of
amonafide.

Conclusions

Amonafide was studied for its effect on cellular senes-
cence. We have clarified the mechanisms that cause HU-
VECs to senescence by inhibiting autophagy through im-
paired autophagy flux and activating the mTOR signaling
pathway. The findings may provide new strategies for the
clinical management of adverse reactions to amonafide.
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