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Palbociclib improves cardiac dysfunction in diabetic
cardiomyopathy by regulating Rb phosphorylation
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Abstract: Diabetic cardiomyopathy (DCM) is a condition associated with significant structural changes including
cardiac tissue necrosis, localized fibrosis, and hypertrophy of cardiomyocytes. This study sought to assess whether
and how CDK4/6 inhibitor, Palbociclib, can attenuate DCM using a streptozotocin (STZ)-induced DCM model sys-
tem. In this study, we found CDK4 and CDK6 expression are significantly increased the cardiac tissue of these
mice. Palbociclib treatment after initial STZ administration attenuated oxidative stress and inflammation, thereby
reducing cardiomyocyte death and preserving cardiac function in these animals. In addition, Rb phosphorylation
induction was found in STZ-treated mice, which was inhibited by Palbociclib treatment. In summary, Palbociclib
protects mice from damage associated with DCM pathway activation, making Palbociclib is a relevant therapeutic

target in the context of DCM.
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Introduction

Diabetes mellitus (DM) is a state of chronic
hyperglycemic condition, caused by a deficien-
cy of insulin secretion and may or may not be
related to insulin resistance [1, 2]. Diabetic car-
diomyopathy (DCM) is associated with myocar-
dial dysfunction independent of high blood
pressure and coronary artery disease [3, 4].
DCM involves the loss of cardiomyocytes and
cardiac remodeling, which might lead to cardi-
ac failure [5, 6]. The rates of cardiac failure in
male and female diabetic patients are, respec-
tively, two- and five-fold higher than those in
people who do not have diabetes [7, 8]. The
prevalence of diastolic dysfunction is 40%-60%
in diabetic patients who do not suffer from cor-
onary artery disease [5, 9]. Furthermore, the
pathological complications of DCM cannot be
successfully reversed even after rigorous blood
glucose control [10, 11]. Consequently, itis cru-
cial to develop drugs that selectively hinder the
pathogenesis of DCM.

Diabetic cardiac dysfunction is specifically
mediated by a series of pathogenic factors [12,
13]. Hyperglycaemia and inflammation lead to
the excessive reactive oxygen species (ROS)
production, which stimulates lipid peroxidation
and reduce antioxidant efficiency, ultimately

resulting in the loss of myocytes [14-16]. Hence,
there is an urgent need for the development of
an effectual strategy to inhibit the excessive
production of ROS, inflammation and cardio-
myocyte apoptosis for diabetic patients.

Palbociclib (PD-0332991) is an orally-available
and extremely selective CDK4/6 kinase inhibi-
tor which inhibits Rb phosphorylation and con-
sequently inhibits progression of the cell cycle
[47-19]. Palbociclib was approved by the US
Food and Drug Administration (FDA) as a thera-
peutic for estrogen receptor (ER) positive meta-
static breast cancer in combination with letro-
zole [20-22]. However, the role of Palbociclib in
DCM is remain not well understood.

In the current study, we aimed to investigate
whether Palbociclib could alleviate streptozo-
tocin (STZ)-induced DCM and to explore the
probable mechanism. We believe that this is
the foremost account of the protective effect
of Palbociclib in DCM.

Materials and methods
Animal models

Age-matched male C57BL/6 mice (10-week-
old; 25-30 g) were maintained for 6 weeks at
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22°C with humidity control and a 12-hrs light/
dark cycle. They were separated into 3 diabetic
groups (diabetic, diabetic + Palbociclib and dia-
betic + vehicle) and 1 control group of 12 mice
each. The diabetic groups were injected intra-
peritoneally with freshly prepared STZ in citrate
buffer (50 mg/kg; Sigma-Aldrich, St. Louis, MO,
USA) for 5 successive days, whereas the con-
trol group was injected with buffer only. The
mice with blood glucose >16.7 mmol/L were
regarded as diabetic (typical value: 5-8 mmol/
L). The diabetic + Palbociclib group was admin-
istered with Palbociclib (100 mg/kg; Selleckch-
em, Dallas, TX, USA) every day by oral gavage.
The diabetic + vehicle group was administered
an equal quantity of DMSO as the vehicle. All
the investigations were conducted according to
the Guide for the Care and Use of Laboratory
Animals of the US National Institutes of Health
and was approved by the Research Ethics Co-
mmittee of The First Hospital of Jilin University.

Echocardiography

Mice were anesthetized using 2.0% isoflurane
and echocardiography was performed using
Vevo 770 (VisualSonics, Canada). Left ventricu-
lar ejection fraction (LVEF), fractional shorten-
ing (FS), early and late mitral inflow velocity
ratio (E/A), LV internal diameter diastole (LVIDd),
LV internal diameter systole (LVIDs), interven-
tricular septal thickness (IVS), LV posterior wall
thickness (LVPWd) and dp/dt max and dp/dt
min were measured.

Histopathology

The 4% paraformaldehyde-fixed dissected mo-
use hearts were enclosed in paraffin and sliced
into 5 um sections. Subsequently, the echocar-
diographic measurements were validated histo-
logically through staining with Masson’s tri-
chrome and Sirius red. The sections were treat-
ed with the corresponding primary antibodies
overnight at 4°C, rinsed with PBS and then
treated with the corresponding secondary anti-
bodies for 120 min. The signal amplification
was done using diaminobenzidine and counter-
stained with hematoxylin.

Real-time RT-PCR

The total RNA was extracted with TRIzol (Invi-
trogen, Carlsbad, CA, USA) and the samples
were analyzed through spectroscopic meth-
ods. Briefly, total RNA was utilized to synthe-
size cDNA by means of SuperScript Il reverse
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transcriptase (Invitrogen, Carlsbad, CA, USA).
PCR was carried out using SsoFasr™ Probes
Supermix (20 uL; Bio-Rad, Hercules, CA, USA)
using gene-specific primer/probe sets and th-
ermal cycling (35 cycles) on a Bio-Rad CFX96™
Real-time PCR System. The fold change was
determined using the 222°t method. The prim-
ers used in this study are list as followed:
p67phox, F/R: 5-CGTGTGTTGTTTGGCTTTGTG-
3/5-CTGAGGCTGCGACTGAGG-3’; gp91phox,
F/R: 5-TAGCATCCATATCCGCATTG-3/5-CTAAC-
ATCACCACCTCATAGC-3’; B-actin, F/R: 5'-GGCA-
CCACACCTTCTACAATG-3/5-GGGGTGTTGAAG-
GTCTCAAAC-3'.

Measurement of activities of oxidants, antioxi-
dants

The freshly excised heart tissues (80-120 mg)
were homogenized and subjected to centrifuga-
tion to obtain the supernatants. The activities
of superoxide dismutase (SOD), NADPH oxidase
and cAMP, along with the extent of lipid peroxi-
dation, were measured by their respective com-
mercial kits (Abcam, Cambridge, MA, USA).

Western blotting

The proteins were extracted from the cells in
RIPA buffer. They (10 pg) were purified by 10%
SDS-PAGE, blotted on nitrocellulose membran-
es and treated with primary antibodies against
CDK4, CDK6 (Santa Cruz Biotechnology, Dallas,
TX, USA), Bcl-2, Bax, p67phox (Abcam, Cam-
bridge, MA, USA), cleaved caspase 3, p-RB, RB,
p-AKT, AKT and B-actin (Cell Signaling Techno-
logy, Danvers, MA, USA). They were next incu-
bated with peroxidase-labeled secondary anti-
bodies. The Protein bands were visualized us-
ing luminol reagent and peroxide solution (1:1;
Millipore, Cleveland, OH, USA), and the images
were obtained.

ROS detection

For detection of ROS, the indicated cells were
incubated with 2’,7-dichlorodihydrofluorescein
diacetate (DCFH-DA; Sigma-Aldrich, St. Louis,
MO, USA) for 30 min at 37°C. To quantify the
ROS production, the fluorescence intensity was
measured by flow cytometry.

Statistical analysis

Data were presented as the mean + SD. All sta-
tistical comparisons were conducted in Graph-
Pad Prism 6.0 through one-way ANOVA and the
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Figure 1. The expression of CDK4 and CDK6 was downregulated in the heart
in STZ-induced diabetic mice. A. The expression of CDK4 and CDK6 in STZ-
induced diabetic hearts were analyzed by western blotting. B. Immunohis-
tochemistry of CDK4 and CDKG6 in STZ-induced diabetic hearts. Scale bar,

50 uym.

Dunnet’s post-hoc test. P<0.05 was defined as
statistically significant.

Results

CDK4 and CDK6 was upregulated in the STZ-
induced diabetic mice hearts

To investigate the role of Palbociclib in STZ-in-
duced diabetic mice hearts, the expression of
CDK4 and CDK6 were analyzed by western
blotting. As shown in Figure 1A, CDK4 and
CDK6 expressions were evaluated in the dia-
betic mice hearts which revealed their upregu-
lated expressions. Immunostaining analyses
demonstrated that CDK4 and CDK6 levels we-
re noticeably induced in the hearts of STZ
induced diabetic mice (Figure 1B). These re-
sults indicated CDK4 and CDK6 may play a
role in DCM.

Palbociclib hindered STZ-mediated cardiac in-
jury and improved cardiac function

STZ-treated mice exhibited typical diabetic
symptoms, including polydipsia, polyuria, and
hyperglycemia (Data not shown). Increased
blood glucose level and reduced bodyweight
was also observed in the STZtreated mice
(Figure 2A and 2B). However, Palbociclib treat-
ment did not alter blood glucose and body-
weight (Figure 2A and 2B). Mice administered
with STZ for 16 weeks displayed an impaired
cardiac function with noticeably diminished
LVEF, FS and E/A ratio. Palbociclib treatment
attenuated the decreased cardiac function
(Figure 2C-E). In addition, LVIDd, LVIDs, IVS,
and LVPWd level were increased in STZ-treat-
ed mice. However, Palbociclib treatment at-
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DCM tenuated these increase-
A4 e g ment (Figure 2F-I). Moreover,
¢ sl the STZtreated mice exhibit-

ed systolic (dP/dt(max)) and
&S b diastolic dysfunctions (dP/
s dt(min)) (Figure 2J and 2K).
- Nevertheless, such diabetes-
associated cardiac function-
al changes were hindered
following Palbociclib treat-
ment. Palbociclib treatment
also protected diabetic mice
against the reduced heart
weight-to-body weight ratio
and the heart weight-to-tibia
ratio (Figure 2L and 2M).

Palbociclib treatment reduced oxidative dam-
age

Previously studies indicated that oxidative
stress is a key feature of DCM [23, 24]. Wes-
tern blotting results revealed that Palbociclib
treatment significantly reduced the NADPH oxi-
dase subunit p67phox level in diabetic mouse
hearts (Figure 3A). Moreover, Palbociclib redu-
ced the upregulated P67phox and Gp91phox
MRNA expressions induced by STZ in diabetic
mice (Figure 3B and 3C), along with reducing
the abnormal activity of NADPH oxidase (Figure
3D). Relative to mice in the control group, the
reduced total SOD activity in diabetic mice was
considerably increased by Palbociclib treat-
ment (Figure 3E). Palbociclib treatment also
diminished the myocardial lipid peroxidation in
diabetic mice (Figure 3F). The above fata dem-
onstrate that Palbociclib treatment reduced
oxidative damage in the heart of diabetic
mouse.

Palbociclib treatment reduced inflammation

Next, we investigated the effect of Palbociclib
on inflammation. Our findings demonstrated
that Palbociclib displays noteworthy effect on
myocardial TNF-c, -1 and II-6 in diabetic mice
(Figure 4A-C). Our findings also showed that
Palbociclib treatment suppressed STZ-induc-
ed cytokines upregulation (Figure 4A-C). CD68-
labeled macrophage and CD45-labeled leuko-
cyte infiltration were found increased in STZ-
treated mice. However, Palbociclib treatment
attenuated the inflammatory response in the
heart of STZtreated diabetic mice (Figure 4D
and 4E).

Am J Transl Res 2019;11(6):3481-3489
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Figure 2. Palbociclib improved diabetes-induced cardiac dysfunction in vivo. Doppler echocardiogram was used to
detect the effect of Palbociclib on cardiac function at the end of 16 weeks. Evaluations of body weight (A), Blood
glucose level (B), left ventricular ejection fraction (LVEF) (C), fractional shortening (FS) (D), early to latemitral flow
ratio (E/A ratio) (E), LV internal dimesion at diastole (LVIDd) (F), LV internal dimension at systole (LVIDs) (G), inter-
ventricular septal diastolic wall thickness (IVS) (H), and left ventricular posterior wall thickness (LVPWd) (). (J and
K) Effect of Palbociclib on hemodynamic measurements. (L and M) The ratio of heart weight (HW) to body weight
(BW) and to tibia length (TL). Results in (A-M) were analyzed by one-way ANOVA with Dunnet’s post-hoc test. Data
represent the mean + SD of three independent experiments. *, P<0.05.
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Figure 3. Palbociclib attenuated diabetes-induced oxidative injury and inflammation in vivo. (A) The expression of
p67phox in diabetic mice hearts was analyzed by western blotting. (B) The mRNA level of p67phox in diabetic hearts
was analyzed by real-time PCR. (C) The mRNA level of gp91phox in diabetic hearts was analyzed by real-time PCR.
(D) NADPH oxidase activity in diabetic hearts by Palbociclib treatment. (E) Total SOD activity in diabetic hearts upon
Palbociclib treatment. (F) Lipid peroxidation in diabetic hearts. Results in (B-F) were analyzed by one-way ANOVA with
Dunnet’s post-hoc test. Data represent the mean + SD of three independent experiments. *, P<0.05; **, P<0.01.

Palbociclib treatment inhibited diabetes-trig-
gered cell apoptosis in the hearts

A higher proportion of apoptotic cells were de-
tected in diabetic heart, which was decreased
considerably following Palbociclib treatment
(Figure 5A and 5B). The inhibitory effect of
Palbociclib treatment on apoptosis was further
confirmed by western blotting, which revealed
the upregulated expression of Bcl-2 and dimin-
ished expression of Bax (Figure 5C and 5D).
The above data indicate that Palbociclib at-
tenuate STZ-induced apoptosis in the diabetic
heart.

Palbociclib treatment suppressed Rb phos-
phorylation and activated AKT signaling path-
way in the diabetic hearts

We next investigated how Palbociclib treatment
affects the downstream of CDK4,/6. Compared
to mice in the control group, diabetic mice ex-
hibited increased phosphorylation of Rb in the
hearts, and Palbociclib treatment drastically
decreased the phosphorylation of Rb (Figure
6A). The PIBK/AKT signaling cascade is invol-
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ved in cellular proliferation and survival. A pre-
vious study showed that suppression of Rb
phosphorylation results in mTORC2-mediated
activation of AKT [25]. Next, we investigated if
Palbociclib treatment affects the downstream
signaling of CDK4/6. Compared with the con-
trol group, diabetic mice exhibited decreased
cardiac AKT phosphorylation and Palbociclib
treatment significantly enhanced the phos-
phorylation (Figure 6B). Our results indicate
that Rb phosphosrylation and AKT signaling
pathway may be involved in the protection of
Palbociclib in DCM.

Discussion

DCM involves mechanical, biochemical, and
structural cardiac alterations, which might re-
sult in cardiac dysfunction [26, 27]. Neverthe-
less, the exact mechanism of DCM is not com-
pletely elucidated. We observed that Palbociclib
treatment restored cardiac function, reduced
hyperglycemia-induced inflammation and inhib-
ited cardiomyocyte apoptosis in mice. These
outcomes indicated that Palbociclib might be
an efficacious drug for DCM.

Am J Transl Res 2019;11(6):3481-3489
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Figure 4. Palbociclib attenuated diabetes-induced inflammation in vivo. (A) mRNA level of myocardial IL-6 in mice
with diabetes with or without Palbociclib treatment. (B) mRNA level of myocardial IL-1p in mice with diabetes with or
without Palbociclib treatment. (C) mRNA level of myocardial TNF-a in mice with diabetes with or without Palbociclib
treatment. (D) CD68 expression in the mice heart with diabetes with or without Palbociclib treatment was analyzed
by immunohistochemistry. Scale bar, 50 um. (E) CD45 expression in the mice heart with diabetes with or without
Palbociclib treatment was analyzed by immunohistochemistry. Scale bar, 50 um. Results in (A-E) were analyzed by
one-way ANOVA with Dunnet’s post-hoc test. Data represent the mean + SD of three independent experiments. **,

P<0.01.

This study demonstrated impaired cardiac fun-
ction in STZ-induced DCM, while Palbociclib
improved it compared to STZ alone. Moreover,
Palbociclib treatment inhibited remodeling pro-
cesses of DCM, including inflammation, oxida-
tive stress and apoptosis, indicating that a cell
cycle-mediated physiological process might be
involved in the protection against STZ-induced
DCM. These observations prompted us to scru-
tinize whether CDK4 and CDK6 levels in the
hearts correlated with the attenuation of diabe-
tes-related cardiac injury. Interestingly, Palboci-
clib treatment alleviated diabetes-induced car-
diac dysfunction, signifying CDK4/6 as a poten-
tial target for the DCM treatment.
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It was established that an extreme increase in
oxidative stress accelerates the progression of
DCM [28-30]. Elevated ROS levels, observed in
HG-treated myocytes and in cardiomyocytes
isolated from diabetic mice, induce lipid peroxi-
dation and DNA damage, ultimately resulting in
functional abnormalities of the heart [31-33].
Thus, it is essential to discover inhibitors of oxi-
dative stress in diabetes. In the current study,
we established with robust evidence that Pal-
bociclib displayed a protective role against dia-
betes-mediated oxidative damage in vivo.

Inflammation is an additional characteristic of
DCM [7, 34, 35]. Diabetic hearts exhibit ampli-

Am J Transl Res 2019;11(6):3481-3489
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Figure 5. Palbociclib attenuated diabetes-induced apoptosis in vivo. (A and B) Active caspase 3 staining in diabetic
hearts with or without Palbociclib treatment was analyzed by immunohistochemistry. Scale bar, 50 um. (C) The ex-
pression of Bcl-2 and Bax in diabetic hearts with or without Palbociclib treatment was analyzed by western blotting.
(D) The ratio of Bax to Bcl-2 was analyzed. Results in (B) and (D) were analyzed by one-way ANOVA with Dunnet’s
post-hoc test. Data represent the mean + SD of three independent experiments. **, P<0.01.

B-Actin [B-Actin

Figure 6. Palbociclib attenuated diabetes-induced RB phosphorylation and
AKT dephosphorylation in vivo. A. The expression of phosphor- and totle-RB
in the diabetic hearts with or without Palbociclib treatment was analyzed by

ma and GBM, Rb1l deficien-
¢y or inactivation induces pal-
bociclib resistance [37, 38].
The PI3K/AKT signaling cas-
cade is involved in cellular
proliferation and survival [39].
An earlier study showed that
suppression of Rb phosphory-
lation results in mMTORC2-me-
diated activation of AKT [40,
41]. Our results demonstrat-
ed that Palbociclib treatment
affects AKT activation.

western blotting. B. The expression of phosphor- and totle-AKT in the diabetic

hearts with or without Palbociclib treatment was analyzed by western blot-

ting.

fied levels of TNF-a, IL-6 and IL-1(3, which may
bring about cardiac dysfunction [36]. In the
current study, attenuation of inflammation fol-
lowing CDK4/6 inhibitor treatment was obser-
ved in the diabetic mouse hearts. Altogether,
these observations demonstrated the protec-
tive function of Palbociclib against apoptosis
in diabetic hearts.

Rb status is the principal determinant of res-
ponse to CDK4/6 inhibition. In breast carcino-
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In conclusion, this study of-
fers a deeper comprehens-
ion of the regulatory role of
Palbociclib in diabetic cardiac inflammation,
oxidative stress and apoptosis, signifying that
CDK4/6 could be a potential therapeutic tar-
get for DCM.

Disclosure of conflict of interest

None.

Address correspondence to: Quan Liu and Yong-
gang Wang, Department of Cardiovascular Center,

Am J Transl Res 2019;11(6):3481-3489



Palbociclib regulates cardiac dysfunction

The First Hospital of Jilin University, Changchun
130021, Jilin, China. E-mail: quanliu666@126.com
(QL); wangyg1982@jlu.edu.cn (YGW)

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

Karges B, Meissner T, Icks A, Kapellen T and
Holl RW. Management of diabetes mellitus in
infants. Nat Rev Endocrinol 2011; 8: 201-211.
Chaudhury A, Duvoor C, Reddy Dendi VS, Kra-
leti S, Chada A, Ravilla R, Marco A, Shekhawat
NS, Montales MT, Kuriakose K, Sasapu A, Bee-
be A, Patil N, Musham CK, Lohani GP and Mir-
za W. Clinical review of antidiabetic drugs: im-
plications for type 2 diabetes mellitus man-
agement. Front Endocrinol (Lausanne) 2017;
8: 6.

Tarquini R, Pala L, Brancati S, Vannini G, De
Cosmo S, Mazzoccoli G and Rotella CM. Clini-
cal approach to diabetic cardiomyopathy: a re-
view of human studies. Curr Med Chem 2018;
25: 1510-1524.

Gilca GE, Stefanescu G, Badulescu O, Tanase
DM, Bararu | and Ciocoiu M. Diabetic cardio-
myopathy: current approach and potential di-
agnostic and therapeutic targets. J Diabetes
Res 2017; 2017: 1310265.

Lorenzo-Almoros A, Tunon J, Orejas M, Cortes
M, Egido J and Lorenzo O. Diagnostic ap-
proaches for diabetic cardiomyopathy. Cardio-
vasc Diabetol 2017; 16: 28.

Pant T, Dhanasekaran A, Fang J, Bai X, Bosnjak
ZJ, Liang M and Ge ZD. Current status and
strategies of long noncoding RNA research for
diabetic cardiomyopathy. BMC Cardiovasc Dis-
ord 2018; 18: 197.

Mishra PK, Ying W, Nandi SS, Bandyopadhyay
GK, Patel KK and Mahata SK. Diabetic cardio-
myopathy: an immunometabolic perspective.
Front Endocrinol (Lausanne) 2017; 8: 72.
Fang ZY, Prins JB and Marwick TH. Diabetic
cardiomyopathy: evidence, mechanisms, and
therapeutic implications. Endocr Rev 2004;
25: 543-567.

Galderisi M. Diastolic dysfunction and diabetic
cardiomyopathy: evaluation by Doppler echo-
cardiography. J Am Coll Cardiol 2006; 48:
1548-1551.

Brahma MK, Pepin ME and Wende AR. My
Sweetheart is broken: role of glucose in dia-
betic cardiomyopathy. Diabetes Metab J 2017;
41: 1-9.

Lin RZ. Phosphoinositide 3-kinases and dia-
betic cardiomyopathy. J Cardiovasc Pharmacol
2017; 70: 420-421.

Williams LJ, Nye BG and Wende AR. Diabetes-
related cardiac dysfunction. Endocrinol Metab
(Seoul) 2017; 32: 171-179.

Zlobine |, Gopal K and Ussher JR. Lipotoxicity
in obesity and diabetes-related cardiac dys-

3488

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

function. Biochim Biophys Acta 2016; 1861:
1555-1568.

Ayala A, Munoz MF and Arguelles S. Lipid per-
oxidation: production, metabolism, and signal-
ing mechanisms of malondialdehyde and 4-hy-
droxy-2-nonenal. Oxid Med Cell Longev 2014;
2014: 360438.

Barrera G. Oxidative stress and lipid peroxida-
tion products in cancer progression and thera-
py. ISRN Oncol 2012; 2012: 137289.

Panth N, Paudel KR and Parajuli K. Reactive
oxygen species: a key hallmark of cardiovascu-
lar disease. Adv Med 2016; 2016: 9152732.
Kim ES and Scott LJ. Palbociclib: a review in
HR-positive, HER2-negative, advanced or met-
astatic breast cancer. Target Oncol 2017; 12:
373-383.

Clark AS, Karasic TB, DeMichele A, Vaughn DJ,
O’Hara M, Perini R, Zhang P, Lal P, Feldman
M, Gallagher M and O’Dwyer PJ. Palbociclib
(PD0332991)-a selective and potent cyclin-
dependent kinase inhibitor: a review of phar-
macodynamics and clinical development.
JAMA Oncol 2016; 2: 253-260.

Logan JE, Mostofizadeh N, Desai AJ, VON Euw
E, Conklin D, Konkankit V, Hamidi H, Eckardt
M, Anderson L, Chen HW, Ginther C, Taschere-
au E, Bui PH, Christensen JG, Belldegrun AS,
Slamon DJ, Kabbinavar FF. PD-0332991, a po-
tent and selective inhibitor of cyclin-dependent
kinase 4/6, demonstrates inhibition of prolif-
eration in renal cell carcinoma at nanomolar
concentrations and molecular markers predict
for sensitivity. Anticancer Res 2013; 33: 2997-
3004.

Chirila C, Mitra D, Colosia A, Ling C, Odom D,
lyer S and Kaye JA. Comparison of palbociclib
in combination with letrozole or fulvestrant
with endocrine therapies for advanced/meta-
static breast cancer: network meta-analysis.
Curr Med Res Opin 2017; 33: 1457-1466.
Finn RS, Martin M, Rugo HS, Jones S, Im SA,
Gelmon K, Harbeck N, Lipatov ON, Walshe JM,
Moulder S, Gauthier E, Lu DR, Randolph S, Di-
eras V and Slamon DJ. Palbociclib and letro-
zole in advanced breast cancer. N Engl J Med
2016; 375: 1925-1936.

Bell T, Crown JP, Lang |, Bhattacharyya H, Za-
notti G, Randolph S, Kim S, Huang X, Huang
Bartlett C, Finn RS and Slamon D. Impact of
palbociclib plus letrozole on pain severity and
pain interference with daily activities in pa-
tients with estrogen receptor-positive/human
epidermal growth factor receptor 2-negative
advanced breast cancer as first-line treatment.
Curr Med Res Opin 2016; 32: 959-965.

Feng W, Lei T, Wang Y, Feng R, Yuan J, Shen
X, Wu Y, Gao J, Ding W and Lu Z. GCN2 defi-
ciency ameliorates cardiac dysfunction in dia-
betic mice by reducing lipotoxicity and oxida-

Am J Transl Res 2019;11(6):3481-3489


mailto:quanliu666@126.com
mailto:wangyg1982@jlu.edu.cn

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

Palbociclib regulates cardiac dysfunction

tive stress. Free Radic Biol Med 2018; 130:
128-139.

Yan B, Ren J, Zhang Q, Gao R, Zhao F, Wu J and
Yang J. Antioxidative effects of natural prod-
ucts on diabetic cardiomyopathy. J Diabetes
Res 2017; 2017: 2070178.

Zhang J, Xu K, Liu P, Geng Y, Wang B, Gan W,
Guo J, Wu F, Chin YR, Berrios C, Lien EC, Toker
A, DeCaprio JA, Sicinski P and Wei W. Inhibition
of Rb phosphorylation leads to mTORC2-medi-
ated activation of akt. Mol Cell 2016; 62: 929-
942.

Judge DP, Kass DA, Thompson WR and Wagner
KR. Pathophysiology and therapy of cardiac
dysfunction in Duchenne muscular dystrophy.
Am J Cardiovasc Drugs 2011; 11: 287-294.
Japp AG, Gulati A, Cook SA, Cowie MR and
Prasad SK. The diagnosis and evaluation of di-
lated cardiomyopathy. J Am Coll Cardiol 2016;
67: 2996-3010.

Lynch TL 4th, Sivaguru M, Velayutham M, Car-
dounel AJ, Michels M, Barefield D, Govindan S,
dos Remedios C, van der Velden J and Saday-
appan S. Oxidative stress in dilated cardiomy-
opathy caused by MYBPC3 mutation. Oxid Med
Cell Longev 2015; 2015: 424751.

Liu Q, Wang S and Cai L. Diabetic cardiomyo-
pathy and its mechanisms: role of oxidative
stress and damage. J Diabetes Investig 2014;
5:623-634.

Zhang B, Shen Q, Chen Y, Pan R, Kuang S, Liu
G, Sun G and Sun X. Myricitrin alleviates oxida-
tive stress-induced inflammation and apopto-
sis and protects mice against diabetic cardio-
myopathy. Sci Rep 2017; 7: 44239.

Frustaci A, Russo MA, Morgante E, Scopelliti F,
Aquilano K, Ciriolo MR, Grande C, Verardo R
and Chimenti C. Oxidative myocardial damage
in human cocaine-related cardiomyopathy. Eur
J Heart Fail 2015; 17: 283-290.

Al Ghouleh |, Khoo NK, Knaus UG, Griendling
KK, Touyz RM, Thannickal VJ, Barchowsky A,
Nauseef WM, Kelley EE, Bauer PM, Darley-Us-
mar V, Shiva S, Cifuentes-Pagano E, Freeman
BA, Gladwin MT and Pagano PJ. Oxidases and
peroxidases in cardiovascular and lung dis-
ease: new concepts in reactive oxygen species
signaling. Free Radic Biol Med 2011; 51: 1271-
1288.

3489

(33]

(34]

(35]

(36]

(37]

(38]

[39]

[40]

[41]

Sugamura K and Keaney JF Jr. Reactive oxygen
species in cardiovascular disease. Free Radic
Biol Med 2011; 51: 978-992.

Watanabe K, Sukumaran V, Veeraveedu PT,
Thandavarayan RA, Gurusamy N, Ma M, Arozal
W, Sari FR, Lakshmanan AP, Arumugam S,
Soetikno V, Rajavel V and Suzuki K. Regula-
tion of inflammation and myocardial fibrosis
in experimental autoimmune myocarditis. In-
flamm Allergy Drug Targets 2011; 10: 218-
225.

Wang YH and Cai L. Diabetes/obesity-related
inflammation, cardiac cell death and cardiomy-
opathy. Zhong Nan Da Xue Xue Bao Yi Xue Ban
2006; 31: 814-818.

Zuo G, Ren X, Qian X, Ye P, Luo J, Gao X, Zhang
Jand Chen S. Inhibition of JNK and p38 MAPK-
mediated inflammation and apoptosis by iv-
abradine improves cardiac function in strep-
tozotocin-induced diabetic cardiomyopathy. J
Cell Physiol 2019; 234: 1925-1936.

Knudsen ES and Witkiewicz AK. The strange
case of CDK4/6 inhibitors: mechanisms, re-
sistance, and combination strategies. Trends
Cancer 2017; 3: 39-55.

Pernas S, Tolaney SM, Winer EP and Goel S.
CDK4/6 inhibition in breast cancer: current
practice and future directions. Ther Adv Med
Oncol 2018; 10: 1758835918786451.

Yu JS and Cui W. Proliferation, survival and me-
tabolism: the role of PI3K/AKT/mTOR signal-
ling in pluripotency and cell fate determina-
tion. Development 2016; 143: 3050-3060.
Xie C, Freeman MJ, Lu H, Wang X, Forster CL,
Sarver AL and Hallstrom TC. Retinoblastoma
cells activate the AKT pathway and are vulner-
able to the PI3BK/mTOR inhibitor NVP-BEZ235.
Oncotarget 2017; 8: 38084-38098.

El-Naggar S, Liu Y and Dean DC. Mutation of
the Rbl pathway leads to overexpression of
mTor, constitutive phosphorylation of Akt on
serine 473, resistance to anoikis, and a block
in c-Raf activation. Mol Cell Biol 2009; 29:
5710-5717.

Am J Transl Res 2019;11(6):3481-3489



