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Abstract

Myocardial infarction (MI) remains a leading cause of morbidity and mortality
worldwide and is most commonly caused by coronary artery occlusion. Although
restoration of coronary blood flow is essential to preserve viable myocardium,
reperfusion paradoxically induces additional injury through mechanisms involving
reactive oxygen species (ROS) generation and inflammation, collectively termed
myocardial ischemia—reperfusion (MIR) injury. Protein kinase C beta Il (PKCPII) has
emerged as a potential therapeutic target in MIR because of its role in regulating
oxidative and inflammatory signaling pathways; however, the relative effects of
PKCBIl activation versus inhibition remain incompletely defined. Accordingly, we
evaluated a selective cell-permeable PKCBII inhibitor (YT-003) and a selective PKCRII
activator using complementary in vitro and ex vivo MIR models.

Rat polymorphonuclear leukocytes (PMNs) were pretreated with selective PKCpII
modulators and chemically stimulated to generate superoxide (SO) to assess ROS-
generating capacity. Human umbilical vein endothelial cells (HUVECs) underwent
hypoxia and reoxygenation, with treatment given at the onset of reoxygenation, and
viability was assessed. Isolated rat hearts underwent global ischemia followed by
reperfusion in a Langendorff preparation, with treatment administered at reperfusion
onset; cardiac functional recovery and infarct size were measured.

YT-003 significantly reduced PMN-derived SO release, improved HUVEC survival
after hypoxia—reoxygenation, decreased myocardial infarct size, and increased left
ventricular functional recovery compared with controls. In contrast, the selective PKCBII
activator did not significantly alter outcomes in any of the experimental models.

These findings indicate that selective PKCBII inhibition with YT-003 is protective
in complementary in vitro and ex vivo MIR models. The activator data indicate a lack
of efficacy for this particular peptide, rather than excluding a protective role for
PKCBII activation more generally. These results are hypothesis-generating and require
confirmation in clinically relevant in vivo models before the therapeutic potential of
PKCBII inhibition after MI can be defined.
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Introduction

Myocardial infarction (MI) remains a leading cause of morbidity
and mortality worldwide and represents a substantial healthcare
burden [1-3]. In the United States alone, more than 750,000 MIs occur
annually, often resulting in significant, long-term cardiovascular
complications among survivors [4,5]. MI is most commonly caused
by partial or complete occlusion of a coronary artery. Current clinical
interventions focus on rapidly restoring coronary blood flow to
salvage ischemic myocardium. Although reperfusion limits overall
infarct size, it paradoxically induces additional tissue injury known
as myocardial ischemia-reperfusion (MIR) injury. MIR injury can
account for up to 50% of total final infarct size, highlighting it as a
critical and under-addressed therapeutic target [6,7]. Despite its
clinical significance, only one FDA-approved therapy currently exists
for MIR injury [8].

Protein kinase C beta II (PKCPII), a calcium and diacylglycerol
(DAG)-dependent serine/threonine kinase, emerged as a potential
mediator of MIR injury through its established roles in inflammatory
signaling and cellular stress responses [6,7,9-13]. PKCPII expression
is elevated in patients with ischemic cardiomyopathy, and
pharmacologic inhibition of PKCPII has been shown to improve
cardiac function in multiple experimental models of MIR injury
[14-18]. Prior work has suggested that low-level, long-term PKC(
expression during adulthood may improve postischemic recovery
in mice [19]. However, whether acute selective PKCBII activation
during reperfusion is protective, neutral, or harmful remains
incompletely defined. The present study addresses this question by
directly comparing the effects of PKCPII activation and inhibition
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within identical MIR injury models.

Ourlaboratoryhas developed a selective PKCPII inhibitor, YT-003
(Young Therapeutics), which blocks PKCpII-mediated production
of reactive oxygen species (ROS). ROS play a central role in MIR
injury by promoting oxidative damage, impairing vascular function,
and amplifying inflammatory signaling pathways [20,21]. PKCII is
a known upstream regulator of ROS generation during ischemia-
reperfusion. PKCBII activation is initiated early during reperfusion by
the release of pro-inflammatory cytokines, including tumor necrosis
factor-a (TNFa) [22]. TNFa and other pro-inflammatory cytokines
bind to their respective cytokine receptors and activate intracellular
signaling pathways that converge on PKCPII activation. In parallel,
reperfusion-associated agonists acting through G-protein-coupled
receptors stimulate phospholipase C, increasing intracellular Ca**
and diacylglycerol (DAG), which further promote PKCPII activation
(Figure 1) [23-26]. Activated PKCPII binds to the receptor for
activated C kinase 1 (RACKI) and is translocated to the plasma
membrane, where it phosphorylates p47°h*, promoting assembly of
NADPH oxidase 2 (NOX-2) [27-29]. NOX-2 subsequently generates
superoxide radicals that contribute directly to MIR injury.

In addition to regulating NOX-2-dependent ROS generation,
PKCBII also
during reperfusion (Figure 1). Following activation, PKCPII can

contributes to mitochondrial oxidative stress
phosphorylate the redox adaptor protein p66Shc, causing it to
enter the mitochondria where it facilitates the oxidation of reduced
cytochrome ¢ and generation of hydrogen peroxide [30-32]. This
increase in mitochondrial ROS has been linked to opening of

the mitochondrial permeability transition pore (mPTP), loss of

mitochondrial integrity, and initiation of cell injury pathways
associated with ischemia-reperfusion damage [33-35]. Together,
these findings suggest that PKCPII amplifies reperfusion injury
through both NOX-2 signaling and mitochondrial ROS production.
(Figure 2) summarizes basal PKCPII signaling and the divergent
effects of YT-003 and our PKCPII activator. YT-003 is designed
to bind RACKI and impair RACKI-dependent localization of
activated PKCPII to membrane-associated signaling complexes,
thereby limiting downstream ROS production (Figure 2). In prior
work, YT-003 significantly and concentration-dependently reduced
superoxide release from isolated rat polymorphonuclear leukocytes
(PMNs), increased nitric oxide production in rat aortic segments, and
improved functional recovery in an ex vivo rat heart MIR model [12].
Our PKCPII activator was designed as a pseudo-RACK sequence to
promote an active-like PKCPII conformation that facilitates RACK1

interaction and membrane-associated localization (Figure 2) [29].

Based on this mechanistic framework and prior findings, we
predicted that YT-003 would replicate our previously observed
cardioprotective effects by significantly decreasing PMN SO release,
improving endothelial cell survival after hypoxic stress, reducing
cardiac infarct size, and improving left ventricular function in an
ex vivo rat heart MIR model [12]. Conversely, we hypothesized that
PKCPII activation would produce the opposite effects, resulting
in increased PMN superoxide release, decreased endothelial cell

survival, larger infarct size, and impaired functional recovery.
Methods

All experimental protocols were performed in accordance with

Figure 1: Proposed PKCgII-mediated ROS signaling during myocardial ischemia—reperfusion, showing convergent cytokine-receptor and GPCR signaling to

PKCBII, NOX2 activation, and mitochondrial ROS production.
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Figure 2: Proposed model comparing basal PKCBII signaling, YT-003—mediated inhibition of RACK1-dependent PKCBII localization, and the predicted effects of

PKCBII+ on PKCBII activation and ROS production.

the institutional policies of the Philadelphia College of Osteopathic
Medicine, and all animal procedures were additionally approved by

the Institutional Animal Care and Use Committee.
Drug Conjugation

Our PKCPII inhibitor peptide (SLNPEWNET) and PKCPII
activator peptide (SVEIWD) were used to assess the effects of
PKCPII inhibition and activation, respectively. Each peptide was
tested in its native, unconjugated form and conjugated to myristic
acid (Myr), an endogenous fatty acid that enhances cell membrane
permeability, to determine whether myristoylation improved
intracellular delivery. YT-003 denotes the myristoylated PKCPII
inhibitor N-Myr-SLNPEWNET. A scrambled version of YT-003
(N-Myr-WNPESLNTE) was synthesized and used as a control. In
the figures and tables, the myristoylated PKCPII activator (N-Myr-
SVEIWD) is designated PKCPII+, the unconjugated activator
peptide as Native PKCPII+, and the unconjugated inhibitor peptide
as Native PKCPII—; the myristoylated inhibitor is designated YT-003
throughout. All peptides were tested at a final concentration of 20
uM in 0.4% dimethyl sulfoxide (DMSO). The PMN assay evaluated
the native and myristoylated PKCPII inhibitor and activator peptides,
as well as scrambled YT-003. The HUVEC assay evaluated YT-003
and the myristoylated PKCPII activator (PKCPII+), whereas the
isolated-heart experiments evaluated YT-003, scrambled YT-003,
and PKCPII+. Previous concentration-response studies of YT-003
in PMN superoxide (SO) release and ex vivo rat MIR hearts were
reported by Omiyi et al. (2005) and Lipscombe et al. (2015) [12,16].

Rat PMN SO Release

Male Sprague-Dawley rats (350-400 g, Charles River Laboratories,
Springfield, MA) were housed in a 12-h light/12-h dark cycle in a
temperature-controlled room. Animals had ad libitum access to food
and water. All procedures were conducted in accordance with animal
handling protocol A21-002. Rats were placed under anesthesia with
2.5% isoflurane and injected intraperitoneally with 16 mL of 0.5%
glycogen to induce rat peritonitis and subsequent PMN recruitment.
After 18 h, rats were re-anesthetized with 2.5% isoflurane, and PMNs
were harvested by peritoneal lavage as previously described [36].

PMN yield and viability were assessed by trypan blue exclusion.

PMA-induced
spectrophotometrically using a previously published ferricytochrome

superoxide release was measured
c reduction assay [37]. For each assay, a 900-pL reaction mixture was
prepared containing 450 puL of 0.25% ferricytochrome c solution, 5
x 10° PMNs, 2 pL of the designated treatment, and molecular-grade
water. Dimethyl sulfoxide (DMSO, 0.4%) was used as the vehicle
control. Reaction mixtures were transferred to cuvettes, placed in
a spectrophotometer, and incubated for 15 min at 37 °C. Baseline
absorbance was recorded at 550 nm. PMNs were then activated by
adding 100 pL of a 100 nM phorbol 12-myristate 13-acetate (PMA)
stock to a final concentration of 10 nM, and absorbance was recorded
every 30 s for 390 s. Three treatment groups and one vehicle control
were analyzed simultaneously. Only assays in which vehicle-control
absorbance increased by greater than 0.300 absorbance units were

included in the final analysis.
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Figure 3: Superoxide production in PMA-stimulated isolated rat PMNs,
showing that YT-003 significantly reduced superoxide release compared with
vehicle and scrambled YT-003 controls; data are mean + SEM, *p < 0.05 and
**n < 0.01 versus vehicle control, ##p < 0.01 versus scrambled YT-003, n =
6 independent experiments.

HUVEC Hypoxia-Reoxygenation Assay

Human umbilical vein endothelial cells (HUVECs) from a single
donor were obtained from Lonza (Walkersville, MD) and cultured in
endothelial cell growth medium on 0.2% gelatin-coated 96-well plates.
Culture medium was supplemented with 2% fetal bovine serum and
EBM-2 BulletKit components (Lonza, CC-3162). Cells were passaged
no more than 5 times and grown to approximately 80% confluence
under normoxic conditions (21% O, 5% CO,, 85% relative humidity,
37 °C). Culture medium was replaced every 48 h.

For the hypoxia-reoxygenation assay, HUVECs were placed in a
modular incubator chamber and exposed to hypoxic conditions (1%
O,, 5% CO,, and balanced N,) for 24 h. Cells were then returned to
normoxic conditions for 24 h, with drug treatment administered at
the onset of reoxygenation. Cell viability was assessed at the end of the
reoxygenation period using a WST-8 tetrazolium-based colorimetric
assay, and absorbance was measured at 450 nm using a microplate

reader. Results were normalized to normoxic control conditions.
Rat MIR Model

Male Sprague-Dawley rats (275-325 g, Charles River Laboratories,
Springfield, MA) were housed in identical conditions to those
described for the PMN SO experiments. Rats were anesthetized via
an intraperitoneal injection of pentobarbital (60 mg/kg) and heparin
(1000 units). The heart was subsequently excised and immediately
perfused with Krebs buffer at 37 °C at a constant pressure of 80
mmHg using a Langendorff perfusion apparatus. Baseline cardiac
parameters were recorded during a 15-min stabilization period by
placing a SPR-425 catheter (Millar Instruments, Inc., Houston, TX)
into the left ventricle. The heart was then subjected to 30 min of global
ischemia by stopping perfusion, followed by 50 min of reperfusion
during which perfusion was restored. The designated drug treatment
or vehicle control (0.4% DMSO) was delivered during the first 5 min

of reperfusion at a rate of 1 mL/min. Heart rate, left ventricular end-

systolic pressure (LVESP), left ventricular end-diastolic pressure
(LVEDP), the rate of increase in left ventricular pressure (dP/dt__ ),
and the rate of decrease in left ventricular pressure (dP/dt__ ) were
recorded at 5-min intervals throughout the reperfusion period. Data
were acquired and stored using a PowerLab/8Sp data acquisition
system (AD Instruments, Colorado Springs, CO). Left ventricular
developed pressure (LVDP) was calculated as the difference between
LVESP and LVEDP.

At the conclusion of the reperfusion period, the heart was
removed from the Langendorff apparatus and placed in a —20 °C
freezer for 30 min. The hearts were then sectioned perpendicular
to their long axis into seven 2-mm slices and incubated for 5 min
at 37 °C in 1% 2,3,5-triphenyltetrazolium chloride dissolved in 0.2
M Tris buffer (pH 7.4). Following incubation, the slices were fixed
in 4% paraformaldehyde. Viable tissue stained red, whereas infarcted
tissue appeared pale. Percent infarction was determined by separating
the infarcted from the viable tissue and calculating the ratio of the

infarcted tissue weight to the total slice weight.
Statistical Analysis

All data are presented as mean + SEM. Normally distributed
data were analyzed using ANOVA followed by post hoc pairwise
comparisons using the Games-Howell test. Non-normally
distributed data were analyzed using the Kruskal-Wallis test followed
by Wilcoxon rank-sum pairwise comparisons with Bonferroni
correction. Values of p < 0.05 were considered statistically significant.
Statistical symbols, significance thresholds, and the corresponding
comparison groups are defined in the individual figure legends and

table footnote.

Results

PKCBII Inhibition Reduces Superoxide Release in Isolated PMNs

Figure 4: HUVEC viability under normoxic conditions or following hypoxia—
reoxygenation with YT-003 or a myristoylated PKCBII activator, showing
significant preservation of viability by YT-003 compared with the hypoxia—
reoxygenation control; **p = 0.004 versus normoxic control and ##p = 0.0087
versus hypoxia—reoxygenation control.
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Figure 5:Myocardial infarct size in isolated rat hearts following ex vivo
ischemia-reperfusion; data are mean * SEM, and YT-003 significantly
reduced infarct size versus control (*p = 0.026) and scrambled YT-003
(#p = 0.019).

Superoxide (SO) production was measured in isolated rat
polymorphonuclear leukocytes (PMNs) to determine whether
PKCII activation or inhibition alters reactive oxygen species
generation after PMA stimulation (Figure 3). Superoxide release is
expressed as the change in absorbance at 550 nm recorded 390 s after
PMA stimulation. Neither the native PKCPII inhibitor (0.43 + 0.02, n
=22) nor the native PKCPIT activator (0.43 + 0.04, n = 15) significantly
altered SO release compared to the vehicle control (0.46 + 0.02, n
= 74). In contrast, PMNs treated with YT-003 exhibited a marked
reduction in SO release at 390 s (0.30 + 0.02, n = 27). This reduction
was significant compared with vehicle control (p = 0.000012), the
native PKCPII inhibitor (p = 0.0043), and scrambled YT-003 (p =
0.00028). The myristoylated PKCPII activator did not significantly
alter SO production (0.44 + 0.02, n = 26). Notably, treatment with
scrambled YT-003 resulted in a significant increase in SO release
(0.58 £ 0.05, n = 22) relative to vehicle-treated controls (p = 0.016).

KCPBII Inhibition Improves Endothelial Cell Viability in a
Hypoxia-Reoxygenation Model

Endothelial cell survival following ischemic stress was assessed
using a hypoxia-reoxygenation model in human umbilical vein
endothelial cells (HUVECsS). For each condition, n = 5 represents five
measurements obtained in five independent experiments. Exposure
to 24 h of hypoxia followed by 24 h of reoxygenation significantly
reduced HUVEC viability to 79.0 + 8.7% of the normoxic control (n
= 5; p = 0.004; (Figure 4). Administration of YT-003 at the onset of
reoxygenation significantly improved endothelial viability (94.7 £
6.8%, n =5, p = 0.0087). In contrast, treatment with the myristoylated
PKCPII activator did not significantly improve cell viability, which
remained approximately 81.4 £ 9.7% (n =5, p = 0.81).

PKCPII Inhibition Reduces Infarct Size in an Ex Vivo Rat MIR
Model

To determine whether PKCPBII modulation influences myocardial

tissue injury, isolated rat hearts were subjected to 30 min of global
ischemia followed by 50 min of reperfusion in an ex vivo myocardial
ischemia-reperfusion model. Hearts treated with YT-003 at the onset
of reperfusion exhibited a significantly smaller infarct size (13.0 *
1.8%, n = 17) compared to DMSO-treated controls (24.3 + 3.5%, n
=15, p = 0.026) and hearts treated with scrambled YT-003 (22.0 +
1.9%, n = 12, p = 0.019) (Figure 5). In contrast, treatment with the
myristoylated PKCPII activator did not significantly alter infarct size
(21.4 +2.6%, n = 14, p = 1.0).

PKCPBII Inhibition Improves Left Ventricular Functional Recovery

During Reperfusion

YT-003 treatment

functional recovery during reperfusion.

significantly improved left ventricular
YT-003

increased dP/dt  compared with vehicle control from 10 min to

significantly

the end of reperfusion, except at 20 min (Figure 6A). YT-003 also
significantly increased dP/dt_  compared to scrambled YT-003
from 10 min to the end of reperfusion and compared to the PKCII
activator from 25 min to the end of reperfusion. In addition, YT-003
significantly increased LVDP compared to vehicle control at 5 min
and from 30 min to the end of reperfusion, to scrambled YT-003 from
5 min to the end of reperfusion, and to the PKCPII activator from 25
min to the end of reperfusion (Figure 6B). Interestingly, scrambled
YT-003 significantly reduced LVDP compared with control between
20 and 40 min of reperfusion. The myristoylated PKCPII activator
did not significantly improve dP/dt__, LVDP, or any other cardiac
parameters compared to vehicle control under the conditions
examined (Figure 6) (Table 1). Heart rate did not differ significantly
between any groups (Table 1).

Discussion
Summary of Major Findings

Our study compared the effects of PKCPII activation and
inhibition on MIR injury. YT-003 significantly decreased SO
release from isolated rat PMNs and improved HUVEC viability in
a hypoxia-reoxygenation assay. In an ex vivo rat heart MIR model,
YT-003 significantly reduced infarct size and significantly improved
left ventricular functional recovery during reperfusion. In contrast,
the myristoylated PKCPII activator did not significantly alter PMN
SO release, HUVEC viability, heart infarct size, or left ventricular
functional measures.

PKCPII in PMNs

PMNss are a well-established contributor to MIR injury. At the
site of injury, PMNss release reactive oxygen species (ROS), platelet-
activating factor, and extracellular matrix-degrading proteases,
and amplify the inflammatory response through the release of pro-
inflammatory cytokines that promote additional PMN recruitment
[38,39]. Previous studies using animal MIR injury models found that

leukocytes were recruited to the site of injury and began infiltrating
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Table 1: Cardiac functional parameters at baseline and after 50 min of reperfusion in an ex vivo isolated rat-heart model of myocardial ischemia—reperfusion,
showing that YT-003 significantly improved left ventricular function compared with control and scrambled YT-003; data are mean + SEM, with *p < 0.05 and **p <
0.01 versus control and #p < 0.05 and ##p < 0.01 versus scrambled YT-003.
Cardiac Time Control YT-003 SC;_T_T)g'Sed PKCBII+
Parameter point (n=15) (n=17) (n=12) (n=14)
Initial -1697+65 -1702+58 -1657+45 -1631+54
dP/dt . (mmHg/s) -
mn Final -773+89 -1061+83## -433+66 -643+65
Initial 2444456 2388+47 2411451 2390+50
dP/dt__ (mmHg/s) -
max Final 815+107 1535+106**## 513+76 860+118
Initial 8.8+0.5 8.3+0.9 7.0£0.7 8.0+0.6
LVEDP (mmHg) -
Final 62.1+3.7 41.6+4 . 4%## 68.5+1.2 58.4+3.5
Initial 104+3 100+3 99+2 98+2
LVESP (mmHg) -
Final 103+4 111+4# 91+3* 96+3
Initial 94+2 92+3 92+2 89+2
LVDP (mmHg) -
Final 41+6 69+5**## 23+4 3815
Initial 283+7 27845 27247 274+8
Heart Rate (bpm) ;
Final 265+7 248+5 311+37 253+10

post-ischemic tissue within the first hour of reperfusion [40,41].
Based on these observations, treatments were administered at the

beginning of reperfusion to limit downstream inflammatory injury.

Our PKCBIT modulators were designed to target PKCBIT's NOX-
2-mediated ROS generation (Figure 1). The present findings suggest
that inhibiting PKCPII signaling significantly reduces PMN-derived
ROS production. However, PKCBII also regulates multiple signaling
pathways that contribute to neutrophil chemotaxis and inflammatory
cell trafficking [42,43]. During reperfusion, PMNs are recruited to the
site of injury by pro-inflammatory cytokines, such as interleukin-6,
interleukin-8, and TNFaq, released from the reperfused myocardium
[44,45]. Therefore, PKCPII may influence not only PMN ROS
production, but also PMN recruitment and trafficking to ischemic
tissue. In a previous study using our ex vivo rat heart MIR model, in
which PMNs were delivered at the onset of reperfusion along with
the drug treatment, PKCPII inhibition reduced the number of PMNs
that infiltrated and adhered to cardiac tissue at the end of reperfusion,
supporting this mechanism. In that same study, adding PMNs to the
heart worsened LVDP recovery, and PKCPII inhibition reversed this
effect, consistent with our in vitro findings that PKCPII inhibition
reduced PMN SO release [12]. Interestingly, we did not observe a
significant effect with the PKCPII activator in isolated PMNs or in the
rat heart model [12].

PKCBII in Endothelial Cells

Endothelial cells lining the cardiac vasculature are important
mediators of MIR injury. In the present study, PKCBII inhibition
improved HUVEC viability following hypoxia-reoxygenation,
suggesting a protective effect on endothelial cells under ischemia-
like stress. Endothelial cells also produce nitric oxide (NO), which
promotes vasodilation, limits ROS-mediated injury, and reduces
PMN adhesion and accumulation, all of which may attenuate MIR
injury [46,47]. We previously showed in isolated rat aortic segments
that PKCPII inhibition increased NO release [12]. In a rat model

of obesity-associated insulin resistance, another group found that
PKCBII activation reduced eNOS expression, one of the main
sources of NO, by inhibiting Akt phosphorylation [48]. PKCPII
inhibition has also been shown to restore vessel relaxation responses
and calcium-activated potassium channel activity in isolated mouse
coronary arteries [49]. Collectively, these findings suggest that
PKCBII inhibition may improve endothelial viability under hypoxic
stress and preserve endothelial function during ischemia-reperfusion

injury, at least in part through maintenance of NO signaling.
PKCBII in MIR Injury

As previously mentioned, our lab has focused on PKCPII's
mechanism of ROS production through NOX-2. The present results
demonstrate that targeting this pathway significantly reduces
total SO release, decreases myocardial damage, and improves
cardiac performance during reperfusion. PKCPII also contributes
to mitochondrial ROS production (Figure 1). PKCBII has been
shown to activate the redox adaptor protein p66Shc, promoting its
mitochondrial translocation, where it facilitates hydrogen peroxide
generation through oxidation of reduced cytochrome c [31,32].
Increased mitochondrial ROS has been associated with opening of the
mPTP, and prolonged mPTP opening can contribute to irreversible
cellular injury [33-35]. Although this pathway has not been fully
defined in PMNs or cardiomyocytes in the context of MIR injury,
selective PKCP inhibition has been reported to reduce p66Shc-driven
superoxide production, suggesting that PKCPII’s role in MIR injury
may include mitochondrial damage [50-52]. YT-003 likely does not
interact with this pathway since PKCPII’s interaction with p66Shc is
currently believed to occur independently of RACKI.

PKCPBII Activation Versus Inhibition

The literature regarding PKCPII activation remains limited
and mixed. One study suggests that PKCPII activation may induce
a preconditioning effect, as constitutive PKCPII expression has

been shown to increase cardiomyocyte contractility in young mice
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Figure 6:Left ventricular functional recovery in isolated rat hearts following ex vivo ischemia-reperfusion, showing that YT-003 improved dP/dtmax (A)
and LVDP (B) during reperfusion compared with control and PKCBII+; B, baseline; 10, onset of ischemia; R0, onset of reperfusion; *p < 0.05 and **p <

0.01 versus control; t1p < 0.01 versus PKCBII+.

[19]. However, another group showed that prolonged PKCQII
overexpression is associated with cardiomyocyte necrosis, calcium
deposition, and maladaptive hypertrophy effects, and these changes
were mitigated by PKCPII inhibition [53]. In the present study, our
PKCPII activator caused no significant differences in any of our
experimental models. This null result should be interpreted with
caution, because several explanations unrelated to the biology of
PKCPBII activation could account for it. First, intracellular delivery
may have been insufficient. Although the activator was myristoylated
using the same strategy that enhanced the intracellular efficacy
of YT-003, cellular uptake and cytosolic availability were not
directly measured, and delivery efficiency cannot be assumed to
be equivalent for two peptides of different sequences, charges, and
lengths. Second, the single concentration tested (20 uM) was selected
based on prior concentration-response work with the inhibitor;
no concentration-response relationship was established for the
activator, so a subthreshold exposure cannot be excluded. Third, the
duration of action may have been inadequate, since the compound
was delivered only during the first 5 min of reperfusion and its
persistence in the cell was not determined. Finally, the activator may
not have engaged PKCPII as predicted or may not have stabilized
the active conformation sufficiently to enhance RACK1-dependent
translocation. Because target engagement was not confirmed by an
independent readout, such as PKCPII translocation or substrate
phosphorylation, the present data establish a lack of efficacy of
this specific activator peptide under these conditions rather than
an absence of any protective effect of PKCPII activation. Future
pharmacodynamic and target-engagement studies will be required

to define the extent, timing, and duration of PKCPII activation
produced by this compound.

In contrast, far more studies have investigated the inhibition
of PKCPII. PKCPII expression was elevated in cardiomyocytes
from patients with ischemic and dilated cardiomyopathy [14,54].
Several different animal studies have shown that PKCPII inhibition
reduces MIR injury [15,17,18]. Our results show that YT-003 is
cardioprotective and are consistent with the current literature
on PKCPII inhibition. The scrambled YT-003 peptide provided
unexpected results. It increased SO production in the PMN assay
and depressed cardiac function in the ex vivo experiment, without
significantly affecting infarct size. Because the scrambled sequence
carries the same amino acid composition and the same myristoyl
moiety as YT-003, these effects are unlikely to be attributable to the
fatty acid conjugate alone. Several possibilities merit consideration.
The scrambled peptide may itself be biologically active, for example,
by interacting with RACK1 or another scaffolding protein in a
manner that favors rather than prevents assembly of the NOX-2
complex. Alternatively, a myristoylated peptide at this concentration
may perturb membrane organization or act as a nonspecific substrate,
altering PKC-dependent phosphorylation. The dissociation between
increased superoxide release and depressed contractile recovery on
the one hand, and unchanged infarct size on the other, may indicate
a predominantly functional rather than necrotic effect within the 50-
min reperfusion window examined. Although these observations were
not a primary focus of the present study and were not investigated
mechanistically, they indicate that the scrambled peptide should not

be assumed to be inert in this system. Future studies should determine
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whether its effects arise from sequence-specific interactions with
RACK], altered membrane organization, or engagement of other

pathways involved in MIR injury.

To our knowledge, this is the first study to directly compare
PKCPII activation and inhibition across identical experimental
models of MIR injury. Collectively, the present findings suggest that
selective PKCPII inhibition at the onset of reperfusion was more
protective than the specific activator tested under these conditions.
They also support further investigation into PKCPII inhibition as a
therapeutic strategy to limit MIR injury. Because these observations
derive exclusively from isolated cells and ex vivo perfused hearts, they

do not by themselves establish clinical translatability.
YT-003 in Other I/R Models

Ischemia-reperfusion (I/R) injury is not limited to the heart but
rather represents a common pathological feature across multiple
organ systems. PKCPII inhibition improved survival in a mouse
lung I/R model and reduced gut damage and oxidative stress in a
mouse intestinal I/R model [50,55]. In a rat kidney transplant model,
PKCBII inhibition improved transplant function and reduced tubular
epithelial apoptosis [56]. YT-003 has demonstrated efficacy in a renal
I/R model, where treatment significantly reduced serum creatinine
levels and preserved glomerular filtration rate following ischemic

injury [57].
Study Limitations

Several limitations should be acknowledged. Superoxide release
from PMNs was measured over a short time window, whereas
leukocyte infiltration persists for hours after reperfusion. Therefore,
the long-term effects of PKCPII inhibition on PMN function remain
unknown. The HUVEC hypoxia-reoxygenation model employed
prolonged exposure periods that may not fully reflect the temporal
and physiological complexity of in vivo MIR injury. HUVECs
are of venous and non-cardiac origin and differ from coronary
microvascular endothelial cells in receptor expression, shear-
stress environment, redox handling, and PKC isoform profile; the
protective effect reported here therefore requires confirmation in
cardiac microvascular endothelial cells before it can be attributed to
the coronary endothelium. Pharmacokinetic and tissue distribution
data for YT-003 are currently lacking, limiting interpretation of
drug exposure, tissue penetration, and optimal dosing strategies. In
addition, the ex vivo Langendorff perfusion rat heart model uses acute
global ischemia, which differs from the regional ischemia produced
by coronary artery occlusion in human myocardial infarction. This
model also lacks the hormonal, neuronal, or immunological inputs
that the rest of the body normally provides. The crystalloid-perfused
preparation is also acellular, so circulating leukocytes and platelets
are absent, and the contribution of PMN-derived superoxide inferred
from our isolated-cell experiments could not be tested directly in

the intact heart. Perfusion at constant pressure removes coronary

autoregulatory control, and the 50-min reperfusion period permits
assessment only of early functional recovery and early infarct
development rather than of established infarction or remodeling.
Only male rats were studied, precluding assessment of potential
sex-dependent responses. Long-term post-MI outcomes were not
evaluated, limiting the ability to evaluate chronic functional outcomes
and cardiac complications. Finally, our evaluation of PKCPII was
limited to ex vivo and cellular models; therefore, further in vivo

studies are needed to confirm its therapeutic potential.
Future Directions

Building on our prior work with peptide-based PKC inhibitors,
we are continuing to develop next-generation PKCPII inhibitors with
enhanced intracellular delivery and therapeutic potency. This study
demonstrated that conjugating our PKCII inhibitor to myristic acid
improved its suppression of PMN ROS production. Earlier studies
have demonstrated that conjugation of PKC-targeting peptides
to the trans-activator of transcription (Tat) peptide improved
intracellular delivery and enhanced efficacy in ischemia-reperfusion
models, including cardiac transplantation and renal ischemia—
reperfusion injury [58-61]. The Tat sequence (YGKKKRRQRRR),
a positively charged amino acid motif, facilitates cellular entry
through electrostatic interactions with negatively charged membrane
components, thereby enhancing drug delivery to intracellular targets.

Building on these findings, our laboratory subsequently evaluated
whether additional lipid conjugation could further improve peptide
delivery and biological activity. Our previous studies demonstrated
that dual conjugation of PKC-targeting peptides with myristic
acid (Myr) and Tat significantly improved intracellular uptake and
cardioprotective efficacy compared with single-conjugated peptides
[58,61]. As a result, we developed a formulation of our PKCPII
inhibitor, YT-004, that is conjugated to both myristic acid and
Tat. In ex vivo rat hearts, YT-004 significantly reduced infarct size
at femtomolar concentrations, while in vivo porcine myocardial
ischemia-reperfusion models showed cardioprotection at doses as low
as 20 ng/kg, corresponding to approximately 100 pM circulating drug
levels [62,63]. These findings suggest that dual-conjugated PKCBII
inhibitors may achieve potent biological effects at substantially lower

concentrations than earlier-generation compounds.

Future studies will evaluate YT-004 across in vitro, ex vivo, and in
vivo systems to further define its therapeutic efficacy and translational
potential. Planned investigations include testing YT-004 in a clinically
relevant porcine myocardial ischemia-reperfusion model involving
regional ischemia followed by reperfusion and extended post-injury
follow-up to assess chronic recovery. Longitudinal assessment will
include left ventricular ejection fraction, hemodynamic performance,
and circulating biomarkers of myocardial injury, with infarct size and
post-injury remodeling quantified at study completion. Additional
studies will characterize pharmacokinetics, tissue distribution, and

dosing parameters to optimize therapeutic exposure and determine
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the durability of treatment effects.
Conclusion

Selective inhibition of PKCPII with YT-003 significantly reduced
superoxide release, improved endothelial cell survival, decreased
myocardial infarct size, and preserved left ventricular functional
recovery following myocardial ischemia-reperfusion injury. In
contrast, the specific PKCPII activator tested did not produce
measurable protective effects in any of the experimental models
examined. Together, these findings support a contributory role for
PKCBII in MIR injury in these models and identify PKCPII inhibition
as a candidate therapeutic strategy that requires confirmation in
clinically relevant in vivo models before its therapeutic potential can
be defined.

Acknowledgments

The authors gratefully acknowledge members of Young
Therapeutics, LLC, for their valuable assistance in reviewing and
editing the manuscript.

References:

1. Salari N, Morddarvanjoghi F, Abdolmaleki A, Rasoulpoor S, Khaleghi AA, et
al. (2023) The global prevalence of myocardial infarction: a systematic review
and meta-analysis. BMC Cardiovasc Disord 23: 206.

2. YusufS, Reddy S, Ounpuu S, Anand S (2001) Global burden of cardiovascular
diseases: part I: general considerations, the epidemiologic transition, risk
factors, and impact of urbanization. Circulation 104: 2746-53.

3. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, et al. (2017) Heart
Disease and Stroke Statistics-2017 Update: A Report From the American
Heart Association. Circulation 135: e146-e603.

4. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, et al.
(2019) Heart Disease and Stroke Statistics-2019 Update: A Report From the
American Heart Association. Circulation 139: e56-e528.

5. Martin SS, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, et al. (2024)
2024 heart disease and Stroke Statistics: A Report of US and Global Data
from the American Heart Association. Circulation 149: e347-e913.

6. Ndrepepa G (2015) Improving myocardial injury, infarct size, and myocardial
salvage in the era of primary PCI for STEMI. Coron Artery Dis 26: 341-55.

7. Ovize M, Baxter GF, Di Lisa F, Ferdinandy P, Garcia-Dorado D, et al. (2010)
Postconditioning and protection from reperfusion injury: where do we stand?
Position paper from the Working Group of Cellular Biology of the Heart of the
European Society of Cardiology. Cardiovasc Res 87: 406-23.

8. Welt FGP, Batchelor W, Spears JR, Penna C, Pagliaro P, et al. (2024)
Reperfusion Injury in Patients With Acute Myocardial Infarction: JACC
Scientific Statement. J Am Coll Cardiol 83: 2196-2213.

9. 9. Cejas PJ, Carlson LM, Zhang J, Padmanabhan S, Kolonias D, et
al. (2005) Protein kinase C betall plays an essential role in dendritic cell
differentiation and autoregulates its own expression. J Biol Chem 280: 28412-
28423.

10. Durpes MC, Morin C, Paquin-Veillet J, Beland R, Pare M, et al. (2015) PKC-
beta activation inhibits IL-18-binding protein causing endothelial dysfunction
and diabetic atherosclerosis. Cardiovasc Res 106: 303-313.

11. Isakov N (2018) Protein kinase C (PKC) isoforms in cancer, tumor promotion
and tumor suppression. Semin Cancer Biol 48: 36-52.

12. Omiyi D, Brue RJ, Taormina P 2nd, Harvey M, Atkinson N, et al. (2005)
Protein kinase C betall peptide inhibitor exerts cardioprotective effects in rat
cardiac ischemia/reperfusion injury. J Pharmacol Exp Ther 314: 542-551.

13. Zhang HL, HuBX, LiZL, Du T, Shan JL, et al. (2022) PKCbetall phosphorylates
ACSL4 to amplify lipid peroxidation to induce ferroptosis. Nat Cell Biol 24: 88-
98.

14. Bowling N, Walsh RA, Song G, Estridge T, Sandusky GE, et al. (1999)
Increased protein kinase C activity and expression of Ca2+-sensitive isoforms
in the failing human heart. Circulation 99: 384-391.

15. Kong L, Andrassy M, Chang JS, Huang C, Asai T, et al. (2008) PKCbeta
modulates ischemia-reperfusion injury in the heart. Am J Physiol Heart Circ
Physiol 294: H1862-H1870.

16. Lipscombe C, Benjamin |, Stutzman D, Bottex A, Ebo C, et al. (2015) Protein
Kinase C Beta Il (PKCBII) Peptide Inhibitor Exerts Cardioprotective Effects in
Myocardial Ischemia/Reperfusion Injury. Proceedings of the 24th American
Peptide Symposium.

17. Palaniyandi SS, Ferreira JC, Brum PC, Mochly-Rosen D (2011) PKCbetall
inhibition attenuates myocardial infarction induced heart failure and is
associated with a reduction of fibrosis and pro-inflammatory responses. J Cell
Mol Med 15: 1769-1777.

18. Sharp TE 3rd, Kubo H, Berretta RM, Starosta T, Wallner M, et al. (2017)
Protein Kinase C Inhibition With Ruboxistaurin Increases Contractility and
Reduces Heart Size in a Swine Model of Heart Failure With Reduced Ejection
Fraction. JACC Basic Transl Sci 2: 669-683.

19. Tian R, Miao W, Spindler M, Javadpour MM, McKinney R, et al. (1999)
Long-term expression of protein kinase C in adult mouse hearts improves
postischemic recovery. Proc Natl Acad Sci U S A 96: 13536-13541.

20.Cadenas S (2018) ROS and redox signaling in myocardial ischemia-
reperfusion injury and cardioprotection. Free Radic Biol Med 117: 76-89.

21. Sharma HS, Das DK (1997) Role of cytokines in myocardial ischemia and
reperfusion. Mediators Inflamm 6: 175-183.

22. Frangogiannis NG, Lindsey ML, Michael LH, Youker KA, Bressler RB, et
al. (1998) Resident cardiac mast cells degranulate and release preformed
TNF-alpha, initiating the cytokine cascade in experimental canine myocardial
ischemia/reperfusion. Circulation 98: 699-710.

23. Barry WH (1991) Calcium and ischemic injury. Trends Cardiovasc Med 1:
162-166.

24. Kleinbongard P, Schulz R, Heusch G (2011) TNFalpha in myocardial
ischemia/reperfusion, remodeling and heart failure. Heart Fail Rev 16: 49-69.

25. Ruiz-Meana M, Garcia-Dorado D, Julia M, Inserte J, Gonzalez MA, et al.
(1996) Blockade of Na+/H+ exchange during metabolic inhibition prevents
reoxygenation-induced hypercontracture in isolated cardiomyocytes. J Am
Coll Cardiol 27: 293-294.

26. Schorr W, Swandulla D, Zeilhofer HU (1999) Mechanisms of IL-8-induced
Ca2+ signaling in human neutrophil granulocytes. Eur J Immunol 29: 897-
904.

27.Csukai M, Mochly-Rosen D (1999) Pharmacologic modulation of protein
kinase C isozymes: the role of RACKs and subcellular localisation. Pharmacol
Res 39: 253-259.

28.Ron D, Luo J, Mochly-Rosen D (1995) C2 region-derived peptides inhibit
translocation and function of beta protein kinase C in vivo. J Biol Chem 270:
24180-24187.

29. Ron D, Mochly-Rosen D (1995) An autoregulatory region in protein kinase C:
the pseudoanchoring site. Proc Natl Acad Sci U S A 92: 492-496.

30. Cosentino F, Francia P, Camici GG, Pelicci PG, Luscher TF, et al. (2008)
Final common molecular pathways of aging and cardiovascular disease: role
of the p66Shc protein. Arterioscler Thromb Vasc Biol 28: 622-628.

31. Haller M, Khalid S, Kremser L, Fresser F, Furlan T, et al. (2016) Novel Insights
into the PKCbeta-dependent Regulation of the Oxidoreductase p66Shc. J
Biol Chem 291: 23557-23568.

32. Pinton P, Rimessi A, Marchi S, Orsini F, Migliaccio E, et al. (2007) Protein
kinase C beta and prolyl isomerase 1 regulate mitochondrial effects of the
life-span determinant p66Shc. Science 315: 659-663.

J Cardiobiol 10(1): 1 (2026)

Page - 09


https://pubmed.ncbi.nlm.nih.gov/37087452/
https://pubmed.ncbi.nlm.nih.gov/37087452/
https://pubmed.ncbi.nlm.nih.gov/37087452/
https://pubmed.ncbi.nlm.nih.gov/11723030/
https://pubmed.ncbi.nlm.nih.gov/11723030/
https://pubmed.ncbi.nlm.nih.gov/11723030/
https://pubmed.ncbi.nlm.nih.gov/28122885/
https://pubmed.ncbi.nlm.nih.gov/28122885/
https://pubmed.ncbi.nlm.nih.gov/28122885/
https://pubmed.ncbi.nlm.nih.gov/30700139/
https://pubmed.ncbi.nlm.nih.gov/30700139/
https://pubmed.ncbi.nlm.nih.gov/30700139/
https://pubmed.ncbi.nlm.nih.gov/38264914/
https://pubmed.ncbi.nlm.nih.gov/38264914/
https://pubmed.ncbi.nlm.nih.gov/38264914/
https://pubmed.ncbi.nlm.nih.gov/25715338/
https://pubmed.ncbi.nlm.nih.gov/25715338/
https://pubmed.ncbi.nlm.nih.gov/20448097/
https://pubmed.ncbi.nlm.nih.gov/20448097/
https://pubmed.ncbi.nlm.nih.gov/20448097/
https://pubmed.ncbi.nlm.nih.gov/20448097/
https://pubmed.ncbi.nlm.nih.gov/38811097/
https://pubmed.ncbi.nlm.nih.gov/38811097/
https://pubmed.ncbi.nlm.nih.gov/38811097/
https://pubmed.ncbi.nlm.nih.gov/15917249/
https://pubmed.ncbi.nlm.nih.gov/15917249/
https://pubmed.ncbi.nlm.nih.gov/15917249/
https://pubmed.ncbi.nlm.nih.gov/15917249/
https://pubmed.ncbi.nlm.nih.gov/25808972/
https://pubmed.ncbi.nlm.nih.gov/25808972/
https://pubmed.ncbi.nlm.nih.gov/25808972/
https://pubmed.ncbi.nlm.nih.gov/28571764/
https://pubmed.ncbi.nlm.nih.gov/28571764/
https://pubmed.ncbi.nlm.nih.gov/15878997/
https://pubmed.ncbi.nlm.nih.gov/15878997/
https://pubmed.ncbi.nlm.nih.gov/15878997/
https://pubmed.ncbi.nlm.nih.gov/35027735/
https://pubmed.ncbi.nlm.nih.gov/35027735/
https://pubmed.ncbi.nlm.nih.gov/35027735/
https://pubmed.ncbi.nlm.nih.gov/9918525/
https://pubmed.ncbi.nlm.nih.gov/9918525/
https://pubmed.ncbi.nlm.nih.gov/9918525/
https://pubmed.ncbi.nlm.nih.gov/18245560/
https://pubmed.ncbi.nlm.nih.gov/18245560/
https://pubmed.ncbi.nlm.nih.gov/18245560/
https://www.5z.com/24APS/24APS.2015.165
https://www.5z.com/24APS/24APS.2015.165
https://www.5z.com/24APS/24APS.2015.165
https://www.5z.com/24APS/24APS.2015.165
https://pubmed.ncbi.nlm.nih.gov/20874717/
https://pubmed.ncbi.nlm.nih.gov/20874717/
https://pubmed.ncbi.nlm.nih.gov/20874717/
https://pubmed.ncbi.nlm.nih.gov/20874717/
https://pubmed.ncbi.nlm.nih.gov/30062182/
https://pubmed.ncbi.nlm.nih.gov/30062182/
https://pubmed.ncbi.nlm.nih.gov/30062182/
https://pubmed.ncbi.nlm.nih.gov/30062182/
https://pubmed.ncbi.nlm.nih.gov/10557356/
https://pubmed.ncbi.nlm.nih.gov/10557356/
https://pubmed.ncbi.nlm.nih.gov/10557356/
https://pubmed.ncbi.nlm.nih.gov/29373843/
https://pubmed.ncbi.nlm.nih.gov/29373843/
https://pubmed.ncbi.nlm.nih.gov/18472818/
https://pubmed.ncbi.nlm.nih.gov/18472818/
https://pubmed.ncbi.nlm.nih.gov/9715863/
https://pubmed.ncbi.nlm.nih.gov/9715863/
https://pubmed.ncbi.nlm.nih.gov/9715863/
https://pubmed.ncbi.nlm.nih.gov/9715863/
https://pubmed.ncbi.nlm.nih.gov/21239319/
https://pubmed.ncbi.nlm.nih.gov/21239319/
https://pubmed.ncbi.nlm.nih.gov/20571888/
https://pubmed.ncbi.nlm.nih.gov/20571888/
https://www.jacc.org/doi/abs/10.1016/S0735-1097(96)82068-7
https://www.jacc.org/doi/abs/10.1016/S0735-1097(96)82068-7
https://www.jacc.org/doi/abs/10.1016/S0735-1097(96)82068-7
https://www.jacc.org/doi/abs/10.1016/S0735-1097(96)82068-7
https://pubmed.ncbi.nlm.nih.gov/10092093/
https://pubmed.ncbi.nlm.nih.gov/10092093/
https://pubmed.ncbi.nlm.nih.gov/10092093/
https://pubmed.ncbi.nlm.nih.gov/10208754/
https://pubmed.ncbi.nlm.nih.gov/10208754/
https://pubmed.ncbi.nlm.nih.gov/10208754/
https://pubmed.ncbi.nlm.nih.gov/7592622/
https://pubmed.ncbi.nlm.nih.gov/7592622/
https://pubmed.ncbi.nlm.nih.gov/7592622/
https://pubmed.ncbi.nlm.nih.gov/7831317/
https://pubmed.ncbi.nlm.nih.gov/7831317/
https://pubmed.ncbi.nlm.nih.gov/18162611/
https://pubmed.ncbi.nlm.nih.gov/18162611/
https://pubmed.ncbi.nlm.nih.gov/18162611/
https://pubmed.ncbi.nlm.nih.gov/27624939/
https://pubmed.ncbi.nlm.nih.gov/27624939/
https://pubmed.ncbi.nlm.nih.gov/27624939/
https://pubmed.ncbi.nlm.nih.gov/17272725/
https://pubmed.ncbi.nlm.nih.gov/17272725/
https://pubmed.ncbi.nlm.nih.gov/17272725/

Citation: Nair A, Beale MA, Dean TC, Singh SG, Michaels M,et al. Targeting Protein Kinase C Beta Il to Reduce Myocardial Ischemia—Reperfusion Injury.
J Cardiobiol. 2026;10(1): 1.

ISSN: 2377-9292

33.

34.

3

[$2]

36.

37.

38.

3

o

40.

41.

42

43.

44.

45,

46.

47.

48.

49.

.Liu L, Gritz D, Parent CA (2014)

Hausenloy DJ, Yellon DM (2003) The mitochondrial permeability transition
pore: its fundamental role in mediating cell death during ischaemia and
reperfusion. J Mol Cell Cardiol 35: 339-341.

Heusch G, Boengler K, Schulz R (2010) Inhibition of mitochondrial
permeability transition pore opening: the Holy Grail of cardioprotection. Basic
Res Cardiol 105: 151-154.

. Perrelli MG, Pagliaro P, Penna C (2011) Ischemia/reperfusion injury and

cardioprotective mechanisms: Role of mitochondria and reactive oxygen
species. World J Cardiol 3: 186-200.

Young LH, lkeda Y, Lefer AM (2001) Protein kinase inhibition exerts
cardioprotective effects in myocardial ischemia/reperfusion via inhibition of
superoxide release. Methods Find Exp Clin Pharmacol 23: 107-114.

Babior BM, Kipnes RS, Curnutte JT (1973) Biological defense mechanisms.
The production by leukocytes of superoxide, a potential bactericidal agent. J
Clin Invest 52: 741-744.

Jordan JE, Zhao ZQ, Vinten-Johansen J (1999) The role of neutrophils in
myocardial ischemia-reperfusion injury. Cardiovasc Res 43: 860-878.

. Vinten-Johansen J (2004) Involvement of neutrophils in the pathogenesis of

lethal myocardial reperfusion injury. Cardiovasc Res 61: 481-497.

Dreyer WJ, Michael LH, West MS, Smith CW, Rothlein R, et al. (1991)
Neutrophil accumulation in ischemic canine myocardium. Insights into time
course, distribution, and mechanism of localization during early reperfusion.
Circulation 84: 400-411.

Engler RL, Dahlgren MD, Peterson MA, Dobbs A, Schmid-Schonbein
GW (1986) Accumulation of polymorphonuclear leukocytes during 3-h
experimental myocardial ischemia. Am J Physiol 251: H93-100.

PKCbetall acts downstream of
chemoattractant receptors and mTORC2 to regulate cAMP production and
myosin Il activity in neutrophils. Mol Biol Cell 25: 1446-57.

Xu X, Gera N, Li H, Yun M, Zhang L, et al. (2015) GPCR-mediated
PLCbetagamma/PKCbeta/PKD signaling pathway regulates the cofilin
phosphatase slingshot 2 in neutrophil chemotaxis. Mol Biol Cell 26: 874-886.

Elgebaly SA, Hashmi FH, Houser SL, Allam ME, Doyle K (1992) Cardiac-
derived neutrophil chemotactic factors: detection in coronary sinus effluents
of patients undergoing myocardial revascularization. J Thorac Cardiovasc
Surg 103: 952-959.

Sawa Y, Ichikawa H, Kagisaki K, Ohata T, Matsuda H (1998) Interleukin-6
derived from hypoxic myocytes promotes neutrophil-mediated reperfusion
injury in myocardium. J Thorac Cardiovasc Surg 116: 511-517.

Lefer AM, Lefer DJ (1996) The role of nitric oxide and cell adhesion molecules
on the microcirculation in ischaemia-reperfusion. Cardiovasc Res 32: 743-
751.

Pabla R, Buda AJ, Flynn DM, Blesse SA, Shin AM, et al. (1996) Nitric oxide
attenuates neutrophil-mediated myocardial contractile dysfunction after
ischemia and reperfusion. Circ Res 78: 65-72.

Naruse K, Rask-Madsen C, Takahara N, Ha SW, Suzuma K, et al. (2006)
Activation of vascular protein kinase C-beta inhibits Akt-dependent
endothelial nitric oxide synthase function in obesity-associated insulin
resistance. Diabetes 55: 691-698.

Kant S, Xing H, Liu Y, Harrington EO, Sellke FW, et al. (2023) Acute protein
kinase C beta inhibition preserves coronary endothelial function after
cardioplegic hypoxia/reoxygenation. JTCVS Open 15: 242-251.

50.

51.

52

53.

54.

55.

5

(o]

57.

58.

59.

60.

61.

62.

63.

Chen Z, Wang G, Zhai X, Hu Y, Gao D, et al. (2014) Selective inhibition of
protein kinase C beta2 attenuates the adaptor P66 Shc-mediated intestinal
ischemia-reperfusion injury. Cell Death Dis 5: e1164.

Shi Y, Cosentino F, Camici GG, Akhmedov A, Vanhoutte PM, et al. (2011)
Oxidized low-density lipoprotein activates p66Shc via lectin-like oxidized low-
density lipoprotein receptor-1, protein kinase C-beta, and c-Jun N-terminal
kinase kinase in human endothelial cells. Arterioscler Thromb Vasc Biol 31:
2090-2097.

.Yang M, Stowe DF, Udoh KB, Heisner JS, Camara AK (2014) Reversible

blockade of complex | or inhibition of PKCbeta reduces activation and
mitochondria translocation of p66Shc to preserve cardiac function after
ischemia. PLoS One 9: e113534.

Wakasaki H, Koya D, Schoen FJ, Jirousek MR, Ways DK, et al. (1997)
Targeted overexpression of protein kinase C beta2 isoform in myocardium
causes cardiomyopathy. Proc Natl Acad Sci U S A 94: 9320-9325.

Simonis G, Briem SK, Schoen SP, Bock M, Marquetant R, et al. (2007)
Protein kinase C in the human heart: differential regulation of the isoforms in
aortic stenosis or dilated cardiomyopathy. Mol Cell Biochem 305: 103-111.

Fujita T, Asai T, Andrassy M, Stern DM, Pinsky DJ, et al. (2004) PKCbeta
regulates ischemia/reperfusion injury in the lung. J Clin Invest 113: 1615-
1623.

. Fuller TF, Kusch A, Chaykovska L, Catar R, Putzer J, et al. (2012) Protein

kinase C inhibition ameliorates posttransplantation preservation injury in rat
renal transplants. Transplantation 94: 679-686.

Shah L, Johnson D, Verwoert AB, Singh SG, Dean TC, et al. (2022)
Myristoylated Protein Kinase C Beta Il Inhibitor Attenuates Renal Injury in
Mice Subjected to Severe Bilateral Ischemia-Reperfusion. FASEB J 36(S1).

Nair A, Tanoh DB, Singh S, Dean T, Harrell K, et al. (2024) Cell Permeable
Protein Kinase C Epsilon Peptide Inhibitor Mitigates Myocardial Ischemic-
Reperfusion Injury. J Cardiobiol 8: 1.

Koyanagi T, Noguchi K, Ootani A, Inagaki K, Robbins RC, et al. (2007)
Pharmacological inhibition of epsilon PKC suppresses chronic inflammation
in murine cardiac transplantation model. J Mol Cell Cardiol 43: 517-22.

Sleeper S, Shah L, Verwoert AB, Singh SG, Dean TC, et al. (2024)
Myristoylated Protein Kinase C Epsilon Inhibitor Preserves Renal Function
in a Mouse Model of Acute Bilateral Kidney Ischemia-Reperfusion Injury. J
Cardiobiol 9: 1.

Young LH, Barsotti RJ, Benjamin |, Patel H, Patel TT, et al. (2016) Comparing
the Effects of Myristic Acid- and TAT-conjugated Peptides to Their Native
Counterparts Targeting Intracellular Pathways Mediating Myocardial
Ischemia/Reperfusion Injury and Neutrophil Superoxide Release. Curr Top
Pept Protein Res 17: 83-90.

Melnik J, Ramsarran J, Clair L, Boakye Tanoh D, Dang J, et al. (2024) Protein
Kinase C Beta Il Inhibitor Conjugated with Myristic Acid and Trans-Activator
of Transcription Improves Intracellular Delivery and Cardiovascular Protection
in Porcine Myocardial Ischemia/Reperfusion Injury. Physiology 39(S1).

Ramsarran J, Clair L, Melnik J, Boakye Tanoh D, Dang J, et al. (2023)
Abstract 18459: A Cell Permeable Protein Kinase C Beta Il Peptide Inhibitor
Mitigates the Generation of Reactive Oxygen Species in Rat Ex Vivo and
Porcine In Vivo Ischemia-Reperfusion Injury. Circulation 148.

J Cardiobiol 10(1): 1 (2026)

Page - 010


https://pubmed.ncbi.nlm.nih.gov/12689812/
https://pubmed.ncbi.nlm.nih.gov/12689812/
https://pubmed.ncbi.nlm.nih.gov/12689812/
https://pubmed.ncbi.nlm.nih.gov/20066536/
https://pubmed.ncbi.nlm.nih.gov/20066536/
https://pubmed.ncbi.nlm.nih.gov/20066536/
https://pubmed.ncbi.nlm.nih.gov/21772945/
https://pubmed.ncbi.nlm.nih.gov/21772945/
https://pubmed.ncbi.nlm.nih.gov/21772945/
https://pubmed.ncbi.nlm.nih.gov/11523308/
https://pubmed.ncbi.nlm.nih.gov/11523308/
https://pubmed.ncbi.nlm.nih.gov/11523308/
https://pubmed.ncbi.nlm.nih.gov/4346473/
https://pubmed.ncbi.nlm.nih.gov/4346473/
https://pubmed.ncbi.nlm.nih.gov/4346473/
https://pubmed.ncbi.nlm.nih.gov/10615413/
https://pubmed.ncbi.nlm.nih.gov/10615413/
https://pubmed.ncbi.nlm.nih.gov/14962479/
https://pubmed.ncbi.nlm.nih.gov/14962479/
https://pubmed.ncbi.nlm.nih.gov/2060111/
https://pubmed.ncbi.nlm.nih.gov/2060111/
https://pubmed.ncbi.nlm.nih.gov/2060111/
https://pubmed.ncbi.nlm.nih.gov/2060111/
https://pubmed.ncbi.nlm.nih.gov/3089032/
https://pubmed.ncbi.nlm.nih.gov/3089032/
https://pubmed.ncbi.nlm.nih.gov/3089032/
https://pubmed.ncbi.nlm.nih.gov/24600048/
https://pubmed.ncbi.nlm.nih.gov/24600048/
https://pubmed.ncbi.nlm.nih.gov/24600048/
https://pubmed.ncbi.nlm.nih.gov/25568344/
https://pubmed.ncbi.nlm.nih.gov/25568344/
https://pubmed.ncbi.nlm.nih.gov/25568344/
https://pubmed.ncbi.nlm.nih.gov/1314922/
https://pubmed.ncbi.nlm.nih.gov/1314922/
https://pubmed.ncbi.nlm.nih.gov/1314922/
https://pubmed.ncbi.nlm.nih.gov/1314922/
https://pubmed.ncbi.nlm.nih.gov/9731794/
https://pubmed.ncbi.nlm.nih.gov/9731794/
https://pubmed.ncbi.nlm.nih.gov/9731794/
https://pubmed.ncbi.nlm.nih.gov/8915192/
https://pubmed.ncbi.nlm.nih.gov/8915192/
https://pubmed.ncbi.nlm.nih.gov/8915192/
https://pubmed.ncbi.nlm.nih.gov/8603507/
https://pubmed.ncbi.nlm.nih.gov/8603507/
https://pubmed.ncbi.nlm.nih.gov/8603507/
https://pubmed.ncbi.nlm.nih.gov/16505232/
https://pubmed.ncbi.nlm.nih.gov/16505232/
https://pubmed.ncbi.nlm.nih.gov/16505232/
https://pubmed.ncbi.nlm.nih.gov/16505232/
https://pubmed.ncbi.nlm.nih.gov/37808045/
https://pubmed.ncbi.nlm.nih.gov/37808045/
https://pubmed.ncbi.nlm.nih.gov/37808045/
https://pubmed.ncbi.nlm.nih.gov/24722289/
https://pubmed.ncbi.nlm.nih.gov/24722289/
https://pubmed.ncbi.nlm.nih.gov/24722289/
https://pubmed.ncbi.nlm.nih.gov/21817106/
https://pubmed.ncbi.nlm.nih.gov/21817106/
https://pubmed.ncbi.nlm.nih.gov/21817106/
https://pubmed.ncbi.nlm.nih.gov/21817106/
https://pubmed.ncbi.nlm.nih.gov/21817106/
https://pubmed.ncbi.nlm.nih.gov/25436907/
https://pubmed.ncbi.nlm.nih.gov/25436907/
https://pubmed.ncbi.nlm.nih.gov/25436907/
https://pubmed.ncbi.nlm.nih.gov/25436907/
https://pubmed.ncbi.nlm.nih.gov/9256480/
https://pubmed.ncbi.nlm.nih.gov/9256480/
https://pubmed.ncbi.nlm.nih.gov/9256480/
https://pubmed.ncbi.nlm.nih.gov/17594058/
https://pubmed.ncbi.nlm.nih.gov/17594058/
https://pubmed.ncbi.nlm.nih.gov/17594058/
https://pubmed.ncbi.nlm.nih.gov/15173888/
https://pubmed.ncbi.nlm.nih.gov/15173888/
https://pubmed.ncbi.nlm.nih.gov/15173888/
https://pubmed.ncbi.nlm.nih.gov/22932117/
https://pubmed.ncbi.nlm.nih.gov/22932117/
https://pubmed.ncbi.nlm.nih.gov/22932117/
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.202101986R?__cf_chl_tk=9OnhF_6AcTh0lbxNtpM19wXQon8mlHcaNAF35c.evpw-1786612772-1.0.1.1-Mc9mf0gfKwvqgVO5VKe.EdvzgK_O_YvyjHNt414qIsI
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.202101986R?__cf_chl_tk=9OnhF_6AcTh0lbxNtpM19wXQon8mlHcaNAF35c.evpw-1786612772-1.0.1.1-Mc9mf0gfKwvqgVO5VKe.EdvzgK_O_YvyjHNt414qIsI
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.202101986R?__cf_chl_tk=9OnhF_6AcTh0lbxNtpM19wXQon8mlHcaNAF35c.evpw-1786612772-1.0.1.1-Mc9mf0gfKwvqgVO5VKe.EdvzgK_O_YvyjHNt414qIsI
https://www.avensonline.org/abstract/cell-permeable-protein-kinase-c-epsilon-peptide-inhibitor-mitigates-myocardial-ischemic-reperfusion-injury
https://www.avensonline.org/abstract/cell-permeable-protein-kinase-c-epsilon-peptide-inhibitor-mitigates-myocardial-ischemic-reperfusion-injury
https://www.avensonline.org/abstract/cell-permeable-protein-kinase-c-epsilon-peptide-inhibitor-mitigates-myocardial-ischemic-reperfusion-injury
https://pubmed.ncbi.nlm.nih.gov/17655859/
https://pubmed.ncbi.nlm.nih.gov/17655859/
https://pubmed.ncbi.nlm.nih.gov/17655859/
https://digitalcommons.pcom.edu/research_day/research_day_PA_2022/researchPA2022/11/
https://digitalcommons.pcom.edu/research_day/research_day_PA_2022/researchPA2022/11/
https://digitalcommons.pcom.edu/research_day/research_day_PA_2022/researchPA2022/11/
https://digitalcommons.pcom.edu/research_day/research_day_PA_2022/researchPA2022/11/
https://digitalcommons.pcom.edu/scholarly_papers/1863/
https://digitalcommons.pcom.edu/scholarly_papers/1863/
https://digitalcommons.pcom.edu/scholarly_papers/1863/
https://digitalcommons.pcom.edu/scholarly_papers/1863/
https://digitalcommons.pcom.edu/scholarly_papers/1863/
https://journals.physiology.org/doi/abs/10.1152/physiol.2024.39.S1.2575
https://journals.physiology.org/doi/abs/10.1152/physiol.2024.39.S1.2575
https://journals.physiology.org/doi/abs/10.1152/physiol.2024.39.S1.2575
https://journals.physiology.org/doi/abs/10.1152/physiol.2024.39.S1.2575
https://www.ahajournals.org/doi/abs/10.1161/circ.148.suppl_1.18459
https://www.ahajournals.org/doi/abs/10.1161/circ.148.suppl_1.18459
https://www.ahajournals.org/doi/abs/10.1161/circ.148.suppl_1.18459
https://www.ahajournals.org/doi/abs/10.1161/circ.148.suppl_1.18459

	Title
	Abstract 
	Abbreviations
	Introduction 
	Methods
	Results
	Discussion 
	Conclusion 
	Acknowledgments
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Figure 6

