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Background and purpose: Ponatinib, a tyrosine kinase
inhibitor (TKI) leads to hypertension; however, the
mechanisms remain elusive. We aimed to investigate
whether lysine acetyltransferase 7 (KAT7), a key regulator
of cellular senescence that is closely associated with
cardiovascular diseases, involves in ponatinib-induced
hypertension.

Methods and results: After administering ponatinib to
Sprague–Dawley (SD) rats for 8 days, we measured blood
pressure, vasodilation, and endothelial function using tail-
cuff plethysmography, isometric myography, and the Total
NO Assay kit, respectively. The results indicated that
ponatinib increased blood pressure, impaired endothelium-
dependent relaxation (EDR), and caused injury to
endothelial cells in SD rats. Furthermore, PCR and Western
blot experiments demonstrated an upregulation of KAT7
expression in rat mesenteric artery endothelial cells
(MAECs) following ponatinib treatment. To further study
the role of KAT7 in ponatinib-induced hypertension, we
divided the SD rats into four groups: control, ponatinib,
WM-3835 (a KAT7 inhibitor), and ponatinib plus WM-
3835. Notably, WM-3835 administration significantly
improved ponatinib-induced hypertension and EDR
dysfunction in SD rats. Mechanistically, over-expression of
KAT7 (OE-KAT7) in MAECs led to cellular senescence and
inflammation, phenomena that were also observed in the
mesenteric arteries of ponatinib-treated rats and in MAECs
exposed to ponatinib. However, WM-3835 mitigated these
detrimental effects in both in vivo and in vitro experiments.
Additionally, both OE-KAT7 and ponatinib treatment
induced H3K14 acetylation (H3K14ac), with OE-KAT7 also
elevating the recruitment of the H3K14ac to the p21
promoter. Moreover, BAY 11-7085, a nuclear factor (NF)-
kB inhibitor, potently alleviated the accumulation of IL-6
and IL-8, as well as endothelial cell senescence induced by
ponatinib and KAT7 overexpression.

Conclusion: Our data indicate that ponatinib-induced
elevation of KAT7 led to endothelial cells senescence and
inflammatory responses through H3K14 acetylation and
NF-kB signaling pathway, subsequently caused vasotoxicity
and hypertension.
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INTRODUCTION
P
onatinib, marketed as Iclusig, is a third-generation
tyrosine kinase inhibitor (TKI). It has been approved
by the US Food and Drug Administration for the

treatment of chronic myeloid leukemia and Philadelphia
chromosome-positive acute lymphoblastic leukemia in
patients, who are resistant to or intolerant of prior TKI
therapy [1,2]. One of the most significant aspects of pona-
tinib is its exceptional efficacy against the “gatekeeper
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mutation” ABL T315I [3]. However, ponatinib has been
associated with serious adverse vascular events and cardio-
toxicity, including hypertension (68%), thrombosis (16.3%),
vascular occlusionevents (6%), andheart failure (3–15%) [4–
7]. Hypertension is a common adverse event in patients
receiving ponatinib and is a significant risk factor for cardio-
vascular disease [6,8,9]. These adverse effects have limited
the widespread clinical application of ponatinib [10]. It is
believed that these adverse vascular events are due to off-
target effects, but the molecular mechanisms underlying
ponatinib-induced hypertension remain largely unknown.

Previous studies have demonstrated that ponatinib may
induce vascular damage by directly targeting vascular en-
dothelial cell [11], as its targets are expressed on the surface
of endothelial cells. Endothelial dysfunction caused by
ponatinib disrupts the balance of vascular homeostasis
and may explain the development of hypertension and
other adverse vascular events. Additionally, many TKIs
including ponatinib, can induce cellular senescence in both
cancerous cells and noncancerous cells [11–15]. While
senescence is thought to prevent the uncontrolled prolifer-
ation of damaged cells, it also promotes the expression of
inflammatory cytokines, leading to an inflammatory phe-
notype known as the senescence-associated secretory phe-
notype (SASP) [16,17]. Endothelial cells senescence is
considered a crucial risk factor for endothelial dysfunction
and vascular damage [18]. Based on these findings, we
hypothesize that the vasotoxicity and hypertension associ-
ated with ponatinib may be linked to its induction of
endothelial cell senescence.

Lysine acetyltransferase 7 (KAT7), also known as HBO1
or MYST2, is a member of the MYST family. Its primary
function is to acetylate lysine 14 on histone 3 (H3K14ac).
Recent studies have highlighted the significant role of KAT7
in regulating cellular senescence [19,20]. The inactivation or
depletion of KAT7 has been shown to alleviate various
characteristics of aging and extend lifespan in animal mod-
els [19,21,22]. However, there is currently limited evidence
regarding KAT7’ role in vascular aging or the regulation of
blood pressure.

In our study, we found that the administration ponatinib
led to an increase in blood pressure and impaired endothe-
lium-dependent relaxation in Sprague–Dawley rats. These
effects were mitigated by WM-3835, a KAT7 inhibitor.
Mechanistically, ponatinib elevated the expression of
KAT7, which subsequently led to endothelial senescence,
inflammation, and dysfunction through acetylate H3K14
and activation of nuclear factor (NF)-kB signaling pathway.
In summary, our study elucidates the potential mechanisms
underlying ponatinib-induced hypertension.

MATERIALS AND METHODS

Animals and experiment protocols
All animal care and experimental procedures were ap-
proved by the Animal Research Ethical Committee of Har-
bin Medical University (HMU). All studies involving animals
conformed to the ARRIVE guidelines for reporting animal
research [23]. Male Sprague–Dawley rats weighing be-
tween 180 and 200 grams were purchased from the animal
center of the Second Affiliated Hospital of HMU (Harbin,
828 www.jhypertension.com
China). The rats were randomly assigned to four groups:
control, ponatinib (HY-12047, MedChemExpress, United
States), WM-3835 (HY-134901, MedChemExpress, United
States), and ponatinibþWM-3835. Ponatinib was dissolved
in DMSO (D2650, Sigma, United States), diluted with corn
oil (C116025, Aladdin, China), and administered intragastri-
cally at a dosage of 6mg/kg/day. WM-3835 was also dis-
solved in DMSO, diluted with corn oil, and administered via
intraperitoneal injection at a dosage of 10mg/kg/day. After
8 days, the animals were euthanized, and mesenteric arter-
ies (MAs) were collected and prepared for subsequent
experiments.

Blood pressure measurement
The systolic blood pressure (SBP) of rats was measured on
days 0 and 8 using tail-cuff plethysmography (CODA,
20310, Kent Scientific Corporation, United States). The rats
were restrained in a tube and put on a heating pad pre-
heated around 358C. Blood pressure was recorded 15 times,
and the average of six values was calculated after discarding
the extreme values.

Primary cultured rat mesenteric artery
endothelial cells and groups
Mesenteric artery endothelial cells (MAECs)were isolated and
cultured following established protocols [24,25]. Briefly, male
SD rats were euthanized, and the entire mesentery was
excisedandcut into severalparts. The tissuewas thendigested
using 0.2% type IA collagenase at 378C for 50 min. The
digestionwas terminated by addingDMEMwith high glucose,
supplementedwith 20% fetal bovine serum, 1%penicillin, and
1% streptomycin. Filtrated liquid was centrifuged at 1200g for
5min and supernatantwas aspirated. The cellswere seeded in
a Petri dish and incubated in a humidified atmosphere con-
taining 5% CO2. These primary isolated cells were used for
experiments without further passage.

To determine the effect of KAT7 on ponatinib-induced
senescence and inflammation in MAECs, the cells were
divided into four groups: control, ponatinib (100 nM),
WM-3835 (100 nM) and a combination of ponatinib
(100 nM) and WM-3835 (100 nM). The cells receiving indi-
cated treatment were cultured for 24 h.

To investigate the role of NF-kB signaling pathway in
ponatinib- or KAT7 overexpression (OE)-induced senes-
cence and inflammation in MAECs, the cells were trans-
fected with a KAT7 overexpression plasmid or an empty
vector serving as a negative control (NC). Subsequently, the
cells were divided into five groups: NC, NC þ ponatinib
(100 nM), OE-KAT7, NC þ ponatinib (100 nM) þ BAY 11-
8075 (5mM; HY-10257, MedChemExpress, United States),
and OE-KAT7 þ BAY 11-8075 (5mM). The cells receiving
indicated treatment were cultured for 24 h.

Western blot
Protein samples were prepared from MAECs and MAs.
Some MAs were pulled through the lumen of the vessel
using a metal wire and gently rolled to remove the endo-
thelial layer for denuding endothelial cells. The absence of
the endothelium was confirmed by assessing eNOS expres-
sion. The samples were separated by SDS-polyacrylamide
gel and then transferred to a nitrocellulose membrane. The
Volume 43 � Number 5 � May 2025
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membranes were then blocked with either 5% skim milk or
5% bovine serum albumin in Tris-buffered saline for 1 h.
Then, the membranes were incubated overnight at 48Cwith
the primary antibody: anti-KAT7 (1 : 1000 dilution, 13751-1-
AP, Proteintech, United States), anti-p21 (1 : 1,000 dilution,
ab109199, Abcam, United Kingdom), anti-phospho-p65
(Ser536, 1 : 1000 dilution, 3033S, CST, United States), anti-
p65 (1 : 1000 dilution, 8242S, CST, United States), anti-
Gapdh (1 : 10 000 dilution, ab8245, Abcam, United King-
dom), anti-H3K14ac (1 : 1000 dilution, 7627S, CST, United
States), anti-H3K34ac (1 : 100 dilution, A18154, ABclonal,
China) and anti-H3 (1 : 2000 dilution, 4499T, CST, United
States). Incubated membranes with IRDye 800CW-conju-
gated goat antirabbit (1 : 10 000, P/N 926-32211, LI-COR,
United States) or IRDye 680RD-conjugated goat antimouse
(1 : 10 000, P/N 926-68070, LI-COR, United States) for 1 h at
room temperature. Protein bands were detected with Od-
yssey infrared imaging system (LI-COR) and analyzed by
using Image Studio Software.

Quantitative real-time PCR
Total RNA from MAECs or MAs was extracted, and cDNAs
were synthesized using a reverse transcription kit (4368814,
Applied Biosystems, United States). qRT-PCR was con-
ducted using the SYBR Green PCR Core Reagents Kit
(R323-01, Vazyme Biotech, China). The transcription levels
of mRNAs were measured using the comparative CT meth-
od, normalized to Gapdh, and calculated using the 2�DDCT

method. mRNA expression levels were determined using
the following primers: KAT7 forward (5’-GCACTGAG-
GAACCCGCCTAT-3’), KAT7 reverse (5’-ACCGCCTGTTCC-
GTTTCAGA-3’), IL-6 forward (5’-GTTGCCTTCTTGGG
ACTGAT-3’), IL-6 reverse (5’-TGTGTAATTAAGCCTCC-
GACT-3’), IL-8 forward (5’-GGTAAAGTCCGTAAGTCG-
TAGTAC-3’), IL-8 reverse (5’-AGTTAACGTGGAGGTACC
GTA-3’), Gapdh forward (5’-CAACTTTGGCATTGTG-
GAAGG-3’), Gapdh reverse (5’-ACACATTGGGGGTAG-
GAACAC-3’), p21 promoter forward (5’-AGTGGATTCA
AACATATGAGCCACT-3’) and p21 promoter reverse (5’-
CCCTCCATCCCCCAAGGCCCTG-3’).

Cell viability measurement
The viability of MAECs was measured with Cell Counting
Kit-8 (CCK-8, CK-04, DOJINDO Laboratories, Japan)
according to the manufacturer’s instructions.

Nitric oxide measurement
The nitric oxide (NO) production in MAs was determined
by the Total NO Assay Kit (S0021S, Beyotime Company,
China) according to the manufacturer’s instructions.

Vasodilation function in mesenteric artery
The vasodilatory function of isolated MA was measured by
isometric myography (Danish Myo Technology, Aarhus,
Denmark), as previously described [24–26]. Second-order
MAs isolated from SD rats were cut into 2mm ring segments
and mounted on a wire myograph in a physiological salt
solution containing 95% O2 and 5% CO2 at 378C. After
stabilization, the rings were adjusted to optimal tension
and stabilized again for 30 min. MA rings were
Journal of Hypertension
precontracted with phenylephrine (Phe, 10mM; P6126-
5G, Sigma-Aldrich, United States), and vascular responses
to varying concentrations of acetylcholine (Ach, concen-
trations ranging from 0.1 nM to 10mM; A6625-25G, Sigma-
Aldrich, United States) and nitroglycerin (NTG, concentra-
tions ranging from 0.1 nM to 10mM; 100236-201702, Na-
tional Institutes for Food and Drug Control, China) were
recorded. Some MAs were obtained from SD rats treated
with ponatinib, with or without WM-3835. For in vitro
experiments, MA rings from normal SD rats were incubated
with either 100 nM ponatinib, 100 nM WM-3835, or a com-
bination of 100 nM ponatinib and 100 nM WM-3835 for 3 h.

Cell senescence staining
Senescence of MAECs was determined by staining the
senescence-associated b-galactosidase (SA-b-gal) with
the Senescence b-galactosidase Staining Kit (C0602, Beyo-
time Company, China) according to the manufacturer’s
instructions.

Synthesis and transfection of overexpression
plasmid
The overexpression plasmid of KAT7 was designed and
synthesized by Sangon Biotech (Shanghai, China). Plasmids
were transfected into MAECs using Lipofectamine 3000
reagent (L3000015, Invitrogen, United States) according
to the manufacturer’s instructions.

Chromatin immunoprecipitation-qPCR assays
The binding of KAT7 and H3K14ac to the p21 promoter was
analyzed by chromatin immunoprecipitation (ChIP) assay.
MAECs transfected with either the KAT7 overexpression
plasmid or an empty vector were subjected to the ChIP
assay using the ChIP Assay Kit (p2078, Beyotime Biotech-
nology, Shanghai, China) according to the manufacturer’s
instructions. The cell lysates were then immunoprecipitated
with anti-KAT7, anti-H3K14ac, or immunoglobulin G (IgG)
antibodies. The DNA segments were purified using a DNA
Purification Kit (D0033, Beyotime Biotechnology, Shang-
hai, China) and subsequently utilized for qPCR analysis.

Statistics
Data were expressed as mean � SEM. Student’s t-test was
employed to analyze differences between two groups.
One-way or two-way ANOVA with post hoc Tukey’s test
was employed to analyze differences among multiple
groups using GraphPad Prism 6 software (GraphPad Soft-
ware, Inc., San Diego, United States). P< 0.05 was consid-
ered statistically significant.

RESULTS

Ponatinib induces hypertension and impairs
endothelium-dependent relaxation in Sprague–
Dawley rats
Ponatinib induces a high incidence of hypertension; how-
ever, the mechanisms by which ponatinib-induced hyper-
tension remain to be elucidated. We aimed to investigate
these mechanisms using SD rats as an experimental model.
As shown in Fig. 1a, ponatinib administration led to a
www.jhypertension.com 829



FIGURE 1 Ponatinib leads to an increase in blood pressure and an impaired EDR. (a) The systolic blood pressure (SBP) of control and ponatinib administration rats were
measured by the noninvasive tail-cuff method. The data are means � SEM, n ¼ 7 per group. �P<0.05 versus control. (b) Representative traces obtained by wire
myography and (c) summarized data of Ach-induced relaxation of the MA rings from the control rats or ponatinib administration rats, followed by precontracting with
10mM Phe before application of 0.1 nM to 10mM Ach. The data are means � SEM, n¼6 per group. �P<0.05 versus control. (d) Summarized percentage changes of
endothelium-independent relaxation in response to different concentrations of NTG (0.1 nM to 10mM) in MA rings from each indicated group (raw data not shown). The
data are means � SEM, n¼6 per group. (e) The concentrations of nitrate and nitrite measured in MAs isolated from the two groups rats as mentioned above. The data
are means � SEM, n¼6 per group. �P<0.05 versus control. (f) IC50 value was determined by CCK-8 assay after exposure to increasing concentration of ponatinib (0, 25,
50, 100, 150, 200 nM) for 24h. The data are means � SEM, n¼6 per group. (g) Concentration-dependent effect of ponatinib on MAECs viability. MAECs were incubated
for 24 h with ponatinib from 50nM to 200nM. Cell viability was determined by CCK-8 assay as a percentage of control. The data are means � SEM, n¼6 per
group.�P<0.05 versus control. (h) Time-dependent effect of ponatinib on MAECs viability. MAECs were incubated with 100 nM ponatinib for various time (0, 12, 24, 36,
48 h). Cell viability was determined by CCK-8 as a percentage of control. The data are means � SEM, n¼6 per group. �P<0.05 versus control. (i) Representative traces
obtained by wire myography and (j) summarized data of Ach-induced relaxation of the MA rings; the rings were under control condition or treated with 100 nM ponatinib
for 3 h, followed by precontracting with 10mM Phe before application of 0.1 nM to 10mM Ach. The data are means � SEM, n¼6 per group. �P<0.05 versus control. (k)
Summarized percentage changes of endothelium-independent relaxation in response to different concentrations of NTG (0.1 nM to 10mM) in MA rings from each
indicated group (raw data not shown). The data are means � SEM, n¼6 per group.

Tang et al.
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significant elevation in blood pressure compared to the
control group.

Subsequently, we examined the impact of ponatinib on
the relaxation of the mesenteric artery. Our results demon-
strated that ponatinib administration significantly decreased
Ach-induced EDR in the MA, indicating impaired vascular
function (Fig. 1b, c). However, endothelium-independent
relaxation induced by NTG was not affected in SD rats
treated with ponatinib (Fig. 1d). Furthermore, we found a
significant decrease in the concentration of nitrate and
nitrite, which are precursors for NO production, following
ponatinib administration (Fig. 1e). These findings suggest
that ponatinib induces endothelial cell damage in SD rats.

To further investigate the effects of ponatinib on endo-
thelial cells, we performed CCK-8 assay to assess the
viability of MAECs following exposure to ponatinib. The
half-maximal inhibitory concentration (IC50) of ponatinib
for MAECs was calculated to be 88.56 nM (Fig. 1f). Thus, we
utilized a concentration of 100 nM of ponatinib for the
subsequent experiments. Consistent with our expectations,
we found that ponatinib caused concentration-dependent
and time-dependent damage to MAECs (Fig. 1g-h).

To corroborate these findings, we treated MAs isolated
from normal SD rats with 100 nM ponatinib for 3 h and
assessed the vascular tone. The results indicated that pona-
tinib decreased Ach-induced EDR in MAs, while NTG-
induced endothelium-independent relaxation remained
unaffected (Fig. 1i–k). Collectively, these findings suggest
that ponatinib results in endothelial dysfunction in MAECs.

Ponatinib enhances the expression of KAT7 in
mesenteric artery endothelial cells
It has been documented that KAT7 plays a crucial role in
cellular processes; however, its specific involvement in vas-
cular endothelial cells is notwell studied.Here, endothelium-
FIGURE 2 Ponatinib increases the expression levels of KAT7 in MAECs. (a) Western blot
without endothelial cell (EC), following treatment with 100 nM ponatinib for 6 h. The da
Western blot analysis (upper) and summarized data (lower) of KAT7 expression in MAEC
n¼6 per group. �P<0.05 versus control. (c) PCR analysis of KAT7 mRNA levels in MAEC
control.

Journal of Hypertension
intact and endothelium-denuded mesenteric arteries were
collected. Endothelial nitric oxide synthase (eNOS) was
utilized as a marker to identify ECs within the MAs (Fig.
1a, b, Supplemental Digital Content, http://links.lww.com/
HJH/C654). Our findings revealed that the expression level
ofKAT7was significantlyhigher inponatinib treatedMAwith
ECs compared to those without ECs (Fig. 2a). Next, we
isolated and cultured primary MAECs from normal SD rats
for Western blot and PCR analysis. The data indicated that
ponatinib treatment significantly elevated both protein ex-
pression andmRNA levels of KAT7 compared to control cells
(Fig. 2b, c). Collectively, these results suggest that ponatinib
upregulates KAT7 in vascular endothelial cells.

Inhibition of KAT7 alleviates ponatinib-induced
hypertension and endothelium-dependent
relaxation dysfunction in Sprague–Dawley rats
To investigate the role of KAT7 in ponatinib-induced hyper-
tension and vasotoxicity, we conducted experiments to
monitor blood pressure in conscious animals administered
ponatinib, WM-3835, or a combination of both. Our findings
revealed that the increase in blood pressure caused by
ponatinib was significantly mitigated by the administration
of WM-3835 (Fig. 3a). Additionally, WM-3835 provided pro-
tection against ponatinib-induced EDR dysfunction (Fig. 3b,
c).However, noneof the treatments (ponatinib,WM-3835, or
the combination) affected endothelium-independent relax-
ation induced byNTG (Fig. 3d). Subsequently, we examined
the effects of these treatments on NO production. Our data
showed that the ponatinib-induced reduction in concentra-
tion of nitrate and nitrite was significantly reversed by the
administration of WM-3835 in SD rats (Fig. 3e).

In addition, we treated MAs isolated from normal SD rat
with ponatinib, WM-3835 or a combination of both for 3 h.
The data showed that ponatinib impaired Ach-induced EDR
analysis (upper) and summarized data (lower) of KAT7 expression in MAs with or
ta are means � SEM, n¼5 per group. �P<0.05 versus control with EC. (b)
s treated with or without 100 nM ponatinib for 24h. The data are means � SEM,
s as treated above. The data are means � SEM, n¼6 per group.�P<0.05 versus
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FIGURE 3 Inhibition of KAT7 ameliorates ponatinib-induced hypertension and EDR dysfunction in SD rats. (a) SBP was measured in control and ponatinib administration
rats with or without WM-3835 by the noninvasive tail-cuff method. The data are means � SEM, n¼7 per group. �P<0.05 versus control; #P<0.05 versus ponatinib. (b)
Representative traces obtained by wire myography and (c) summarized data of Ach-induced relaxation of the MA rings isolated from the control and ponatinib administra-
tion rats with or without WM-3835, followed by precontracting with 10mM Phe before application of 0.1 nM to 10mM Ach. The data are means � SEM, n¼6 per group.
�P<0.05 versus control; #P<0.05 ponatinib. (d) Summarized percentage changes of endothelium-independent relaxation in response to different concentrations of NTG
(0.1 nM to10mM) in MA rings from each indicated group (raw data not shown). The data are means � SEM, n¼6 per group. (e) The concentrations of nitrate and nitrite
measured in MAs from each indicated group. The data are means � SEM, n¼5 per group. �P<0.05 versus control; #P<0.05 ponatinib. (f) Representative traces obtained
by wire myography and (g) summarized data of Ach-induced relaxation of the MA rings; the rings were under control condition or, respectively, treated with 100 nM
ponatinib, 100 nM WM-3835, or 100 nM ponatnib plus 100nM WM-3835 for 3h, followed by precontracting with 10mM Phe before application of 0.1 nM to 10mM
Ach. The data are means � SEM, n¼6 per group. �P<0.05 versus control; #P<0.05 versus ponatinib. (h) Summarized percentage changes of endothelium-independent
relaxation in response to different concentrations of NTG (0.1 nM to 10mM) in MA rings from each indicated group (raw data not shown). The data are means � SEM,
n¼6 per group. (i) Cell viability was measured by CCK-8 in MAECs under control condition or treated with 100 nM ponatinib in the absence or in the presence of 100 nM
WM-3835 for 24 h. The data are means � SEM, n¼7 per group. �P<0.05 versus control; #P<0.05 versus ponatinib.

Tang et al.
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in the MAs; however, co-treatment with WM-3835 signifi-
cantly mitigated the EDR dysfunction induced by ponatinib
(Fig. 3f, g). Consistent with previous findings, none of the
treatments had significant effects on endothelium-indepen-
dent relaxations in response to NTG (Fig. 3 h). Furthermore,
WM-3835 appeared to substantially alleviate endothelial
cell damage induced by ponatinib (Fig. 3i). Collectively,
the data from both in vivo and in vitro experiments suggest
that the inhibition of KAT7 plays a protective role against
ponatinib-induced hypertension and vascular endothelial
cells dysfunction.

Inhibition of KAT7 prevents the senescence and
inflammation induced by ponatinib
To investigate how KAT7 mediates ponatinib-induced en-
dothelial cell dysfunction, a transient transfection experi-
ment was conducted to overexpress KAT7 in MAECs. The
expression levels of KAT7 were dramatically increased in
cells transfected with the KAT7 overexpression plasmid, as
determined by Western blot assays (Fig. 4a).

Given that ponatinib reduces endothelial cell viability,
while WM-3835 reverses this effect, we investigated wheth-
er these changes involve apoptosis. To this end, we
assessed cell apoptosis by examining the protein expres-
sion of the pro-apoptosis factor Bax and the antiapoptosis
factor Bcl-2. Interestingly, no significant changes in Bax or
Bcl-2 expression were observed in the OE-KAT7 groups
compared to the NC group (Fig. 2a–c, Supplemental Digital
Content, http://links.lww.com/HJH/C654). Similarly, pona-
tinib treatment did not significantly affect the expression
levels of these apoptosis-related proteins, either in MAs
isolated from animals or in MAECs (Fig. 2d–i, Supplemental
Digital Content, http://links.lww.com/HJH/C654). Consis-
tently, WM-3835, whether administered alone or in combi-
nation with ponatinib, had no effect on BAX or Bcl-2
expression (Fig. 2d–i, Supplemental Digital Content,
http://links.lww.com/HJH/C654). These findings suggest
that the reduction in endothelial cell viability induced by
ponatinib is unlikely to be mediated by apoptosis and may
involve alternative mechanism.

Considering that TKIs have been shown to induce cellular
senescence, we carried out experiments to investigate the
effects of ponatinib and OE-KAT7 on cell fate. The results
showed that the number of SA-b-gal positive cells, a marker
of cellular senescence, was significantly higher in the OE-
KAT7 group compared to the NC group (Fig. 4b). Similarly,
the expressionofp21, anothermarkerof cellular senescence,
was also upregulated in the OE-KAT7 group (Fig. 4c). Se-
nescence cells not only occupy space for the proliferation of
new cells but also release inflammatory factors that damage
surrounding tissue. Therefore, we focused on the alterations
of IL-6 and IL-8, themain inflammatory factors released from
senescence cells. The results indicated that OE-KAT7 elevat-
ed levels of both IL-6 and IL-8 compared to the NC group
(Fig. 4d). These finding demonstrate that KAT7 promotes the
senescence and inflammation in MAECs.

To determine whether KAT7-induced senescence and
inflammation involves in the vascular endothelial dysfunc-
tion induced by ponatinib, a series of experiments were
performed. Our results demonstrated that ponatinib
Journal of Hypertension
significantly increased the number of the SA-b-gal positive
cells in MAECs (Fig. 4e, f). Furthermore, ponatinib admin-
istration in SD rats led to an increase in p21 protein
expression in MAs (Fig. 4g). Similar results were obtained
in MAECs treated with ponatinib (Fig. 4h). Notably, WM-
3835 markedly reduced the senescence phenotype, as
indicated by a decrease in the number SA-b-gal positive
cells and p21 protein expression (Fig. 4e-h).

Moreover, we observed that ponatinib induced inflam-
mation, as evidenced by the increased expression of IL-6
and IL-8 in MA of ponatinib-treated SD rats and in MAECs
exposed to ponatinib (Fig. 4i, j). These findings were
consistent with the effects observed with OE-KAT7. Inter-
estingly, WM-3835 markedly attenuated the elevated levels
of IL-6 and IL-8 induced by ponatinib (Fig. 4i, j). In sum-
mary, the enhancement of KAT7 expression mediates vas-
cular endothelial senescence and inflammation associated
with ponatinib, potentially contributing to the endothelial
damage induced by ponatinib.

KAT7 enhances p21 transcription through
H3K14 acetylation
To investigate the role of KAT7 in mediating senescence in
MAECs, we examined histonemodifications, specifically H3
lysine 14 acetylation (H3K14ac) and H3 lysine 23 acetyla-
tion (H3K23ac), the substrates of KAT7 [19,27]. Our results
demonstrated that OE-KAT7 significantly increased
H3K14ac levels, while changes in H3K23ac were not sta-
tistically significant (Fig. 5a–c). Furthermore, ponatinib
administration in SD rats elevated H3K14ac levels, an effect
that was inhibited by WM-3835 (Fig. 5d–f). Similar trends
were observed in MAECs exposed to ponatinib and WM-
3835 (Fig. 5g–i), suggesting that H3K14ac may serve as a
specific substrate for KAT7 in these cells. To further explore
the mechanism, we employed chromatin immunoprecipi-
tation followed by quantitative polymerase chain reaction
(ChIP-qPCR) and found that KAT7 overexpression promot-
ed its binding to the p21 promoter region (Fig. 5j). Notably,
the increased H3K14ac levels induced by OE-KAT7 were
associated with upregulated p21 transcription (Fig. 5j).
These findings collectively suggest that KAT7 promotes
p21 expression through H3K14 acetylation.

Inhibition of KAT7 ameliorates ponatinib-
induced cellular senescence and inflammation
by blocking nuclear factor-kB cascade
To investigate the mechanisms by which ponatinib triggers
inflammation via increasing KAT7 expression, we exam-
ined the role of the transcription factor NF-kB, a key
mediator of the inflammatory response [28]. Initially, we
observed an increase in phosphorylated p65 levels in OE-
KAT7 MAECs compared with the NC group (Fig. 6a), indi-
cating the activation of NF-kB.

To further validate this, we isolated MAs from SD rats
administered ponatinib and found that the levels of phos-
phorylated p65 were also increased in these MAs compared
to the control group (Fig. 6b). However, WM-3835 signifi-
cantly reversed the elevated phosphorylated p65 levels
induced by ponatinib (Fig. 6b). Similar patterns were ob-
served in MAECs treated with ponatinib and WM-3835
www.jhypertension.com 833
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FIGURE 4 Inhibition of KAT7 attenuates the vascular endothelial senescence and inflammation induced by ponatinib. (a) Western blot analysis (upper) and summarized
data (lower) of KAT7 expression in MAECs under transiently transfected with either OE-KAT7 plasmid or the corresponding vector plasmid. The data are means � SEM,
n¼5 per group. �P<0.05 versus NC. (b) Representative bright field images (left) show SA-b-gal positive cells stained in blue and summary data (right) are expressed as
percentage of SA-b-gal positive cells. The data are means � SEM, n¼6 per group. �P<0.05 versus NC. (c) Western blot analysis (upper) and summarized data (lower) of
p21 expression in MAECs under transiently transfected with either OE-KAT7 plasmid or the corresponding vector plasmid. The data are means � SEM, n¼6 per group.
�P<0.05 versus NC. (d) IL-6 and IL-8 levels were measured in MAECs under transiently transfected with either OE-KAT7 plasmid or the corresponding vector plasmid by
PCR. The data are means � SEM, n¼5 per group. �P<0.05 versus NC. (e) Representative bright field images show SA-b-gal positive cells stained in blue and (f) summary
data are expressed as percentage of SA-b-gal positive cells. The data are means � SEM, n¼7 per group.�P<0.05 versus control; #P<0.05 versus ponatinib. (g) Western
blot analysis (upper) and summarized data (lower) of p21 expression in MAs isolated form control and ponatinib administration rats with or without WM-3835. The data
are means � SEM, n¼6 per group. �P<0.05 versus control; #P<0.05 versus ponatinib. (h) Western blot analysis (upper) and summarized data (lower) of p21 expression
in MAECs under control condition or treated with 100 nM ponatinib in the absence or in the presence of 100 nM WM-3835 for 24 h. The data are means � SEM, n¼6
per group. �P<0.05 versus control; #P<0.05 versus ponatinib. (i) IL-6 and IL-8 levels were measured in MAs isolated from control and ponatinib administration rats with
or without WM-3835 by PCR. The data are means � SEM, n¼6 per group. �P<0.05 versus control; #P<0.05 versus ponatinib. (j) IL-6 and IL-8 levels were measured in
MAECs under control condition or treated with 100 nM ponatinib in the absence or in the presence of 100 nM WM-3835 for 24 h by PCR. The data are means � SEM,
n¼6 per group. �P<0.05 versus control; #P<0.05 versus ponatinib.
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FIGURE 5 KAT7 binds to the promoter region of p21 through H3K14 acetylation. (a) Representative Western blot and (b-c) summarized data showing H3K14ac and
H3K23ac expression in MAECs under transiently transfected either OE-KAT7 plasmid or the corresponding vector plasmid. Loading control, histone H3. The data are means
� SEM, n¼6 per group. �P<0.05 versus NC. (d) Representative Western blot and (e-f) summarized data showing H3K14ac and H3K23ac protein levels in MAs isolated
form control and ponatinib administration rats with or without WM-3835. The data are means � SEM, n¼4–5 per group. �P<0.05 versus control; #P<0.05 versus
ponatinib. (g) Representative Western blot and (h-i) summarized data showing H3K14ac and H3K23ac protein levels in MAECs under control condition or treated with
100nM ponatinib in the absence or in the presence of 100nM WM-3835 for 24h. The data are means � SEM, n¼4–5 per group. �P<0.05 versus control; #P<0.05
versus ponatinib. (j) Enrichment of KAT7 (left) and H3K14ac (right) in the promoter of the p21 in MAECs under transiently transfected either OE-KAT7 plasmid or the
corresponding vector plasmid. n¼4 per group. �P<0.05 versus NC.
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FIGURE 6 Inhibition of KAT7 ameliorates ponatinib-induced cellular senescence and inflammation by hindering NF-kB signaling pathway. (a) Representative Western blot
(upper) and summarized data (lower) showing phosph-p65 protein levels in MAECs under transiently transfected either OE-KAT7 plasmid or the corresponding vector
plasmid. The data are means � SEM, n¼8 per group. �P<0.05 versus NC. (b) Representative Western blot (upper) and summarized data (lower) showing phosph-p65
protein levels in MAs isolated form control and ponatinib administration rats with or without WM-3835. The data are means � SEM, n¼8 per group. �P<0.05 versus
control; #P<0.05 versus ponatinib. (c) Representative Western blot (upper) and summarized data (lower) showing phosph-p65 protein levels in MAECs under control
condition or treated with 100nM ponatinib in the absence or in the presence of 100 nM WM-3835 for 24 h. The data are means � SEM, n¼5 per group. �P<0.05 versus
control; #P<0.05 versus ponatinib. (d) Representative bright field images show SA-b-gal positive cells stained in blue and (e) summary data are expressed as percentage of
SA-b-gal positive cells in MAECs under transiently transfected with either OE-KAT7 plasmid or the corresponding vector plasmid, following exposure to 100 nM ponatinib
or 5mM BAY 11-7085. The data are means � SEM, n¼6 per group.�P<0.05 versus NC; #P<0.05 versus ponatinib; &P<0.05 versus OE-KAT7. (f) Representative Western
blot (upper) and summarized data (lower) showing p21 in MAECs under the indicated conditions. The data are means � SEM, n¼6 per group. �P<0.05 versus NC,
#P<0.05 versus ponatinib; &P<0.05 versus OE-KAT7. (g, h) IL-6 and IL-8 levels were measured in MAECs under the indicated conditions. The data are means � SEM,
n¼6 per group. �P<0.05 versus NC; #P<0.05 versus ponatinib; &P<0.05 versus OE-KAT7.
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(Fig. 6c). These findings indicate that the potential of WM-
3835 to mitigate NF-kB activation triggered by ponatinib.
Importantly, no remarkable difference in total p65 levels
were detected among these groups. Collectively, these
findings suggest that NF-kB may act as a downstream
effector of KAT7 and may contribute to ponatinib-
mediated inflammation.

To further investigate the role of NF-kB in ponatinib/OE-
KAT7 induced senescence and inflammation, we used a
specific inhibitor, BAY 11-7085, to inhibit NF-kB activation
in MAECs. BAY 11-7085 led to a reduction in the number of
SA-b-gal positive stained cell, as well as a decrease in p21
expression in MAECs subjected to ponatinib or OE-KAT7
(Fig. 6d–f). Moreover, the production of pro-inflammatory
cytokines (IL-6 and IL-8) was suppressed by BAY 11-7085 in
MAECs treated with ponatinib or OE-KAT7 (Fig. 6g, h).
These results suggest that the activation of the NF-kB
signaling pathway, mediated by KAT7, is responsible for
the cellular senescence and inflammation induced by pona-
tinib.

DISCUSSION

The major findings of the present study are: ponatinib-
induced KAT7 overexpression led to classical features of
cellular senescence in MAECs, as demonstrated by impaired
cell viability, an increased SA-b-gal-positive cells number,
upregulation aging-associated protein p21, and the accu-
mulation of inflammation factors through H3K14 acetyla-
tion and activation of NF-kB pathway. These factors
ultimately impair EDR and contribute to hypertension (il-
lustrated Fig. 7).

Most clinical trials have demonstrated that vascular en-
dothelial growth factor inhibitors increase blood pressure,
FIGURE 7 A schematic diagram illustrating the potential mechanisms by which pon
expression. This increase leads to H3K14 acetylation and NF-kB activation, which mediat
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with 30–80% of patients developing hypertension [29]. The
incidence of hypertension in patients receiving ponatinib,
lenvatinib, and sunitinib can reach 68%, 42%, and 21.6%,
respectively [7,24,30]. Among these agents, ponatinib
appears to be the most likely to induce hypertension.
Previous studies indicate that vascular endothelial cells
dysfunction may be the primary cause of ponatinib’s car-
diovascular adverse effects, as it leads to a downregulation
of phosphorylated eNOS, inhibition of endothelial survival,
endothelial senescence, inflammatory response and endo-
thelial activation [11,31–34]. In our study involving pona-
tinib-induced hypertension SD rats, we also found that
ponatinib significantly impaired EDR, reduced NO genera-
tion and caused endothelial damage.

KAT7 has been shown to have a significant positive
correlation with human abdominal aortic aneurysm and
sprouting angiogenesis [35–37]. However, the specific role
of KAT7 in contributing to pathological vascular function,
particularly in TKIs-induced vascular toxicity events,
remains unclear. In our study, we found that KAT7 is
predominantly expressed in vascular endothelial cells
and is upregulated by ponatinib. Importantly, inhibiting
KAT7 with WM-3835 has a protective effect against pona-
tinib-induced hypertension, EDR dysfunction and endothe-
lial injury. These data suggest that targeting KAT7 could
potentially be served as therapeutic strategy for managing
ponatinib-induced vascular toxicity and hypertension.

While previous studies have reported that ponatinib
induces cell apoptosis [11,38], our findings suggest other-
wise in the context of MAECs. Specifically, we observed no
significant changes in the expression of Bax and Bcl-2, key
markers of apoptosis, following ponatinib treatment. This
discrepancy may be attributed to differences in cell types
used across studies. For example, Lv and coworkers have
atinib induces hypertension through a pathway associated with increased KAT7
e cellular senescence and inflammatory responses in vascular endothelial cells.
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reported that ponatinib inhibits apoptosis in human type I
alveolar epithelial cell [39], highlighting the variability in
cellular responses to ponatinib depending on cell type and
its physiological state. Similarly, our results showed that
WM-3835, either alone or in combination with ponatinib,
did not alter Bax and Bcl-2 expression in MAECs. This
contrasts with findings from other studies, which reported
that WM-3835 induces apoptosis in specific cell types, such
as primary human prostate cancer cells derived from cas-
tration-resistant prostate cancer patients [27,40]. However,
WM-3835 did not induce apoptosis or significant cytotox-
icity in primary human prostate epithelial cells [40]. These
observations suggest that the response to WM-3835 or
ponatinib is highly cell type-specific and may be influenced
by the pathological or physiological state of the cells.
Furthermore, our findings imply that ponatinib-induced
reduction of endothelial cell viability and the improved
cell viability by WM-3835 are likely not mediated apoptosis.
Future studies should aim to elucidate these alternative
pathways to better understand the underlying mechanisms
of endothelial cell injury.

KAT7 has been identified as a new epigenetic target for
delaying aging and treating aging-associated disorders [19].
However, data regarding its role in the vasculature have not
yet been obtained. In our study, OE-KAT7 significantly
increased the expression of cellular senescence markers
p21 and SA-b-gal in MAECs. It is worth noting that the
enhancement of KAT7 also contributes to the ponatinib-
induced upregulation of p21 and SA-b-gal, as these effects
can be reversed by the KAT7 inhibitor WM-3835. Our
findings provide further support for the critical role of
KAT7 in regulating histone modifications and mediating
senescence. Specifically, we found that OE-KAT7 increases
H3K14 acetylation, confirming that H3K14 is a specific
substrate for endogenous KAT7. This modification appears
to play a pivotal role in senescence-related gene regulation
[41]. Notably, OE-KAT7 promoted the binding of KAT7 to
the p21 promoter region, a key regulator of cell cycle arrest
and senescence. The increased H3K14ac levels induced by
OE-KAT7 were accompanied by enhanced enrichment of
H3K14ac at the p21 promoter, leading to upregulated p21
transcription. This finding highlights a mechanistic link
between KAT7 activity, histone acetylation, and transcrip-
tional activation of senescence-associated genes. Interest-
ingly, ponatinib treatment also selectively increased
H3K14ac, but not H3K23ac, suggesting that this histone
modification is uniquely associated with the senescence-
inducing effects of KAT7 in vascular endothelial cells.
Furthermore, the administration of WM-3835, a specific
inhibitor of KAT7, effectively abolished the increase in
H3K14ac induced by ponatinib, further supporting the
specificity of this pathway. Therefore, these results suggest
that ponatinib induces senescence in vascular endothelial
cells, at least in part, through KAT7-mediated H3K14 acet-
ylation. Given the close association between cellular senes-
cence and damage to vascular endothelial cells [42], we
propose that KAT7-mediated senescence may be linked to
vascular dysfunction induced by ponatinib.

Previous studies have reported that ponatinib mediates
inflammatory responses in cellular models or patients [33,43].
Here, we observed that ponatinib increased the levels of IL-6,
838 www.jhypertension.com
IL-8, and phospho-p65 in both in vivo and in vitro experi-
ments. Cellular senescence not only involves cell cycle pro-
gression, but also secretes inflammatory cytokines that
contribute to chronic inflammation [44]. IL-6 and IL-8 are
particularly key components of SASP [45]. Therefore, we
believe that ponatinib-induced inflammation may result from
cellular senescence. Importantly, KAT7 plays a crucial role in
this process, as evidenced by WM-3835 reversing the upre-
gulation of IL-6, IL-8, and the activation of NF-kB signaling
pathway in ponatinib-treated MAECs or animal models of
ponatinib-induced hypertension. Additionally, the inhibition
of NF-kB with BAY 11-7085 effectively reduces the elevation
of senescence markers and the accumulation of IL-6 and IL-8
induced by ponatinib or OE-KAT7 in MAECs, indicating that
the KAT7/NF-kB axis plays a role in ponatinib-induced senes-
cence and inflammation. Overall, KAT7 is associated with
senescence and inflammatory responses, suggesting that in-
hibition of KAT7 to mitigate ponatinib-induced hypertension
and vasotoxicity may involve downregulating the senescence
process and reducing inflammation.

The prevention and management of TKIs-related adverse
cardiovascular events become increasingly important, given
the widespread use of these agents to improve patient
survival and delay tumor progression [10,46–48]. Recent
studies conducted by our research group have elucidated
the signaling mechanisms underlying TKIs-induced hyper-
tension. Aflibercept, sunitinib, and lenvatinib all induce
hypertension by impairing endothelial cell function through
various mechanisms, including the inhibition of the CAT-1/
Akt/eNOS signaling pathway, IRS-1- and Pellino-1-mediated
inhibition of AKT/eNOS signaling, and endothelial ferrop-
tosis [24,30,49]. Our findings regarding the detrimental
effects of ponatinib on endothelial cells are consistent with
previous reports. However, ponatinib may increase KAT7
expression, which activates NF-kB signaling pathway, pro-
moting senescence and releasing inflammatory cytokines,
ultimately resulting in vascular dysfunction and hyperten-
sion. Based on these findings, the mechanisms underlying
vascular toxicity/hypertension caused by TKIs differ, poten-
tially due to their multiple targets on endothelial cells.

WM-3835, a potent inhibitor of KAT7, has demonstrated
effective antitumor effects both in vitro and in vivo [50]. Our
data indicate that WM-3835 plays a protective role against
ponatinib-induced hypertension. This dual effect of WM-
3835 suggests that, in the treatment of specific tumors such
as acute myeloid leukemia and prostate cancer, the com-
bined use of ponatinib and KAT7 inhibitors may yield
greater clinical benefits. However, further clinical research
is necessary for validation.

In summary, our study describes the potential mecha-
nism underlying ponatinib-induced hypertension using a
rat model, which involves KAT7-mediated endothelial se-
nescence and inflammation through acetylation H3K14 and
activation of NF-kB signaling. These findings offer a theo-
retical foundation for future clinical research.
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