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Abstract

Preclinical investigations support the concept that donor cells more oriented towards a cardiovascular phenotype favor repair.
In light of this philosophy, we previously identified HDACI1 as a mediator of cardiac mesenchymal cell (CMC) cardio-
myogenic lineage commitment and paracrine signaling potency in vitro—suggesting HDACI as a potential therapeutically
exploitable target to enhance CMC cardiac reparative capacity. In the current study, we examined the effects of pharmacologic
HDACI inhibition, using the benzamide class 1 isoform-selective HDAC inhibitor entinostat (MS-275), on CMC cardio-
myogenic lineage commitment and CMC-mediated myocardial repair in vivo. Human CMCs pre-treated with entinostat or
DMSO diluent control were delivered intramyocardially in an athymic nude rat model of chronic ischemic cardiomyopathy
30 days after a reperfused myocardial infarction. Indices of cardiac function were assessed by echocardiography and left
ventricular (LV) Millar conductance catheterization 35 days after treatment. Compared with naive CMCs, entinostat-treated
CMC:s exhibited heightened capacity for myocyte-like differentiation in vitro and superior ability to attenuate LV remodeling
and systolic dysfunction in vivo. The improvement in CMC therapeutic efficacy observed with entinostat pre-treatment was
not associated with enhanced donor cell engraftment, cardiomyogenesis, or vasculogenesis, but instead with more efficient
inhibition of myocardial fibrosis and greater increase in myocyte size. These results suggest that HDAC inhibition enhances
the reparative capacity of CMCs, likely via a paracrine mechanism that improves ventricular compliance and contraction
and augments myocyte growth and function.

Keywords Cardiac mesenchymal cell therapy - Histone deacetylase inhibitors - Myocardial fibrosis - Myocardial
infarction - Paracrine signaling - Cardiomyogenic lineage commitment

Introduction

As the incidence of heart failure (HF) grows, novel thera-
peutic interventions that effectively attenuate disease
progression remain in extraordinary demand. Though
beta-blockers, angiotensin-converting-enzyme (ACE)
Electronic supplementary material The online version of this inhibitors, and aldosterone antagonists provide some clini-
article (https://doi.org/10.1007/500395-018-0710- 1) contains cal benefit to heart failure patients, they essentially com-
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prise only palliative measures that fail to directly address
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fibrosis [31]. To this end, cell therapy has materialized as a
promising therapeutic modality that limits ventricular det-
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the precise mechanism(s) by which cell therapy promotes
post-infarct cardiac recovery largely remains a “black-
box”, as are the phenotypic properties that afford donor
cells their therapeutic abilities. To date, the cell therapy
field is replete with various purported cardiomyocyte pro-
genitors or stem cells; however, there is limited durable
evidence that any of these so-called cardiac progenitors are
sufficiently retained or contribute significantly and directly
to cardiomyogenesis after transplantation [4, 9-11, 18]—
providing indirect support for a paracrine mechanism of
action. Despite such observations, many of these cells with
“cardiac potential”, such as c-kit" sorted [36-38, 40] or
unfractionated cardiac-derived mesenchymal cells (CMCs)
[6, 14, 28, 41], have been tested and validated as agents
that improve cardiac function. It is, therefore, possible that
cells with cardiac potential—though never fully realized
in the form of becoming adult myocytes—contribute to
cardiac repair. Furthermore, it is conceivable that such
cardiac potential is necessary for the salutary effects of
cell therapy.

The notion that cardiomyogenic lineage commitment
is an important element influencing donor cell reparative
aptitude is supported by previous studies demonstrating that
donor cell cardiogenic transcription factor expression (i.e.,
Nkx2.5, Tbx5, and Mef2c) can bias cardiac repair [2, 28].
Although the fundamental mechanisms underlying these
effects remain unresolved, these observations support the
idea that one can effectively enhance donor cell therapeutic
efficacy by augmenting their cardiovascular lineage com-
mitment. For this reason, various methodologies have been
employed in effort to “forward reprogram” or stimulate mes-
enchymal progenitor cell cardiomyogenic lineage specifi-
cation; this has been achieved using various experimental
approaches, including recombinant protein overexpression
as well as pharmacologic pre-treatment. The former includes
ectopic expression of cardiogenic transcription factors (e.g.,
Gata4, Mef2c, and Tbx5) [12] and the latter, exposure to
chromatin modifying agents, such as inhibitors of histone
deacetylase (HDACi) [23, 43] or DNA methyltransferase
(DNMTi) [17, 24, 27] enzymatic activity. Consistent with
these reports, we previously identified HDACI as a novel
regulator of CMC cardiovascular lineage specification [23].
We found that short-hairpin RNA interference (shRNAi)-tar-
geted depletion of HDACI stimulated cardiogenic transcrip-
tional program activation and cardiomyocyte-like differen-
tiation in patient-derived CMCs in vitro [23]. Importantly,
relative to naive CMCs, HDAC1-depleted, cardiomyogenic
lineage-committed CMCs exhibited distinct trophic factor
secretion profiles and heightened in vitro paracrine signaling
potency [22]—highlighting HDACI as a novel therapeu-
tic target that may be exploited to augment CMC cardiac
reparative capacity. As the next logical step in this work,
the current study examined the influence of pharmacologic
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HDACT inhibition (using the benzamide HDAC inhibitor,
entinostat) on CMC cardiomyogenic lineage commitment
and on CMC-mediated myocardial repair in vivo.

Materials and methods
Human cardiac mesenchymal stromal cell isolation

Human CMCs were isolated from discarded right atrial
appendage specimens collected from patients during rou-
tine coronary artery bypass surgery at Jewish Hospital
(University of Louisville, Louisville, KY) according to a
previously established collagenase digestion protocol [22,
23]. Further, all established CMC cell lines were validated
via flow cytometry-based verification of the presence and
absence of prototypical mesenchymal and hematopoietic cell
lineage markers, respectively, as previous [23]. De-identified
right atrial appendage specimens were collected via written
consent agreement according to the approved protocol by the
Institutional Review Board on human subject research (IRB
number: 03.052 J) at the University of Louisville.

Cells, cell culture, and treatment

Primary patient-derived CMCs were cultured in Ham’s
F12 medium (Gibco) supplemented with 10% FBS (Sera-
digm), 20 ng/ml recombinant human bFGF (PeproTech),
0.2 mM L-glutamine (Gibco), 0.005 U/ml human erythro-
poietin (Invitrogen), and 100 U/ml penicillin/streptomycin
(Gibco). CMCs were not used beyond passage number eight.
All cell lines were maintained under standard incubation
conditions at 37 "C with 5% atmospheric CO, and passaged
using TrypLE™ (ThermoFisher Scientific) when approach-
ing ~70% confluence. 100 mM stock solutions of entinostat
(S1053; Selleck Chemicals) were prepared by solubilizing
lyophilized powder in cell culture grade dimethyl sulfoxide
(DMSO).

Western blotting

Immunoblotting was performed according to previously
described protocols [22, 23]. A detailed list of antibodies
with corresponding dilutions is available in Supporting
Information Table S1.

Quantitative PCR

RNA isolation, reverse transcription, and quantitative real-
time PCR were performed as previously described [22, 23].
A detailed list of transcript-specific primers is available in
Supporting Information Table S2.
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Flow cytometry

For intracellular myocyte lineage-specific protein detec-
tion, CMCs were fixed with 4% formaldehyde for 10 min
at room temperature, washed in 1X PBS, and permeabi-
lized with 90% methanol on ice for 30 min. Cells were
incubated with primary antibodies or isotype controls
diluted in incubation buffer (1% BSA, 1X PBS) for 1 h
at room temperature, washed by centrifugation (600g for
5 min at 4 °C) in incubation buffer, and resuspended in
fluorochrome-conjugated secondary antibodies for 30 min
at room temperature. Flow cytometric analyses were per-
formed as previously [23] using a BD LSR II Flow Cytom-
eter (BD Biosciences). Briefly, 50,000 events were col-
lected per sample and analyzed using Flowing Software
version 2.5.0 (Perttu Terho, Turku Centre for Biotechnol-
ogy). The percentage of positive cells was determined by
gating against corresponding isotype controls. A complete
list of utilized antibodies is detailed in Supporting Infor-
mation Table S3.

CMC conditioned medium harvest and cytokine
array analyses

CMCs were grown in T75 tissue culture flasks with com-
plete medium supplemented with 1 uM entinostat or DMSO
diluent control for 5 days. Culture medium was replaced
every 2 days throughout this duration. On day five, cells
were washed with 10 ml of 1X PBS and subsequently incu-
bated with 10 ml of serum-free, Ham’s F12 medium (Gibco)
supplemented with 0.5% bovine serum albumin for 24 h.
Conditioned medium was harvested via a sterile serologi-
cal pipette and transferred to 15-ml conical tubes. Detached
cells were then removed by 600g centrifugation at 4 °C for
10 min. Cytokine arrays were generated using the Proteome
Profiler Human XL Cytokine Array Kit (R&D Systems,
Minneapolis, MN), according to the manufacturers’ proto-
col. For each assay, a total of 1 ml of unconcentrated cell
culture supernatant/conditioned medium was used. Resultant
membranes were imaged with a chemiluminescent image
analyzer (MyECL; ThermoFisher Scientific) and analyzed
by densitometric quantification (ImageJ; NIH, Bethesda,
MD). Resultant pixel density values were imported into R
version 2.15.1 X 64 bit (The R Project for Statistical Com-
puting) and subject to hierarchical cluster analysis using the
heatmap.2 function in the gplots library. Each conditioned
medium experiment (corresponding to either entinostat
or DMSO diluent treatment) consisted of a 1:1:1 mixture
of three independent patient-derived CMC lines. Condi-
tioned medium cytokine arrays, sourced from entinostat- or
DMSO-treated CMCs, were performed using biological
duplicates (n=2 for each).

Ischemia reperfusion and CMC injection procedures

All animal experiments were performed in strict accord-
ance with the Guide for the Care and Use of Laboratory
Animals published by the U.S. National Institutes of health
(Eight Edition, Revised 2010) and with the guidelines of
the Animal Care and Use Committee of the University of
Louisville, School of Medicine (Louisville, KY, USA); and
therefore were carried out in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and
its later amendments. Similar to our previously performed
rat ischemia-reperfusion injury procedure [36], female
athymic homozygous nude rats (genotype, Foxn1™™; sup-
plier, Charles River Laboratories; age 2-3 months; weight
150-180 g) were anesthetized with ketamine (37 mg/kg)
and xylazine (5 mg/kg) and intubated with a rodent respira-
tor (Harvard Apparatus). Anesthesia was maintained with
isoflurane inhalation and body temperature sustained at
37 °C with a heating pad. Following administration of anti-
biotics, the chest was opened via left thoracotomy and the
heart exposed. All animals subsequently underwent 90-min
occlusion of the left anterior descending coronary artery fol-
lowed by reperfusion, after which the chest wall was sutured
closed. Thirty days after reperfusion, rats were re-anesthe-
tized, and the heart exposed via left anterolateral thoracot-
omy. At this time, rats received intramyocardial injections
(peri-infarct) of DMSO-treated CMCs, entinostat-treated
CMCs, or vehicle (1X PBS; phosphate-buffered saline). In
effort to limit patient-dependent variables (e.g., disease state,
age, gender, etc.), each animal received a mixture of CMCs
sourced from three randomly selected patient samples. CMC
groups received a total of 2 million CMCs per heart (four
injections; 500,000 cells per injection). Following treatment,
all groups received 5-bromo-2'-deoxyuridine (BrdU) ad libi-
tum in drinking water for 35 days to label newly proliferating
cells. All rat groups were euthanized 35 days after injection
(65 days after MI).

Power analyses, exclusion criteria,
and randomization

A total of more than 30 rats (2-3 months of age) were
required for successful completion of the study. This num-
ber was calculated via implementation of a statistical power
analysis using SigmaStat Software (SigmaStat, Systat Soft-
ware, Inc.). Based on our preliminary in vivo studies with
human CMCs, we determined a 20% minimum detectable
difference in means with an expected standard deviation of
residuals of 15%. Further, with these groups, a desired power
of 80%, and an alpha of 0.05 (95th percentile), we calcu-
lated a requisite number of approximately 10—12 animals per
group (vehicle-, DMSO CMC-, and entinostat CMC-treated
rats). A priori exclusion criteria were established whereby
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any animal not exhibiting a> 15% reduction in left ventric-
ular ejection fraction (AEF of > 15% 30 days after injury
relative to baseline) were removed from the study. Based on
such criteria, animals deemed acceptable for study inclu-
sion (a total of 31 rats) were randomly assigned to control
(vehicle; n=11) or treatment (DMSO CMC- and entinostat
CMC-treated; n=10 for both) groups using the Mersenne
Twister algorithm available in Microsoft Excel.

Echocardiographic procedures and analyses

Indices of cardiac function and ventricle dimensions were
assessed via echocardiography under light anesthesia (pento-
barbital, 25 mg/kg, i.p., as previously described [33, 36])
with serial measurements obtained at baseline (prior to MI),
30 days post-MI (prior to treatment), and 65 days post-MI
(35 days after treatment) (Fig. 4a). The anterior chest was
shaved, and rats were placed in the left lateral decubitus
position. Body temperature was maintained between 36.9 °C
and 37.3 °C. Echocardiographic images were acquired using
an HP SONOS 7500 ultrasound system outfitted with a
L12-5 linear broadband and an S12 phased array transducer
equipped with a 0.3-cm standoff. Hearts were imaged in the
para-sternal long axis view to measure LV end-systolic and
end-diastolic volumes (LVESV and LVEDYV, respectively),
as well as ejection fraction (EF). All measurements were
averaged in three consecutive cardiac cycles and analyzed
off-line by a single blinded observer using COMPACS image
analysis software. All calculations were derived using stand-
ard formulas and analyzed according to modified American
Society for Echocardiography standards [16]. Echocardio-
grams were collected from all 31 animals, which consisted
of control (vehicle; n=11) and CMC treatment (DMSO
CMC- and entinostat CMC-treated; n = 10 for both) groups.

Hemodynamic procedures and analyses

Hemodynamic studies were performed 65 days after MI,
just prior to euthanasia as previous [36-38]. Rats were
anesthetized with ketamine (37 mg/kg) and xylazine (5 mg/
kg), intubated, and mechanically ventilated. Anesthesia was
maintained with 1% isoflurane and the core temperature sus-
tained at 37 °C with a heating pad for the duration of the
procedure. A 2F micro-tip pressure—volume (PV) catheter
(SPR-869, Millar Instruments) was inserted into the right
carotid artery and advanced into the LV cavity. The right
jugular vein was cannulated for fluid administration. After
20 min of stabilization, the PV signals were recorded con-
tinuously with an ARIA PV conductance system (Millar
Instruments) coupled with a Powerlab/4SP A/D converter
(AD instruments), stored, and displayed on a personal
computer. PV relations were assessed by transiently com-
pressing the inferior vena cava with a cotton swab. Parallel
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conductance from surrounding structures was calculated by
injecting a small bolus of 15% NaCl through the jugular
vein. LV end-diastolic pressure (LVEDP), dP/d¢,,, and dP/
dt i, end-systolic elastance (Ees), and adjusted maximal
power were calculated using the PVAN software program
Millar [36-38]. Conductance catheterization was performed
on all 31 animals, however one vehicle-treated animal died
during the procedure, which brought group totals to n=10
for vehicle and n=10 for both DMSO CMC and entinostat
CMC treatment groups.

General histology and morphometry procedures

Following hemodynamic measurements, a polyethylene
catheter filled with phosphate buffer (0.2 M, pH 7.4) and
heparin (100 IU/ml) was advanced to the ascending aorta
via the right carotid artery. In rapid succession, the heart
was arrested in diastole by injecting 1 ml of a mixture of
cadmium chloride (100 mM) and potassium chloride (3 M)
through the aortic catheter. Subsequently, the heart was
excised and retrogradely perfused with phosphate buffer for
3 min to clear residual blood within the coronary circulation,
and perfused with 10% neutral buffered formalin solution for
15 min. Perfusion pressures were maintained between 60
and 80 mmHg while end-diastolic pressures were retained
at 8 mmHg. After perfusion-fixation, the atria and right ven-
tricle were dissected from the left ventricle. The LV weight
was measured and recorded. Each heart was then cut into
five transverse slices (each 3 mm thick), processed, paraf-
fin-embedded, sectioned at 4 um intervals, and stained with
Masson’s trichrome, picrosirius red, or antibodies recogniz-
ing cardiovascular cell lineage-specific markers. A complete
list of utilized antibodies is detailed in Supporting Informa-
tion Table S4.

Infarct size determination by Masson’s trichrome
staining

Masson’s trichrome staining was performed according to
the manufacturer’s instructions (HT15-1KT; Sigma-
Aldrich) as previously described [38]. Briefly, formalin-
fixed, paraffin-embedded myocardial tissue sections were
heated at 80 °C for 30 min, deparaffinized in xylene, and
stepwise rehydrated via incubation in decreasing concen-
trations of ethanol (100, 96, 90, and 80%) and deionized
water. Tissue sections were subsequently incubated in
Bouin’s solution (57,211, Thermo Fisher Scientific) at
55 °C for 15 min and left to cool for 5 min. Sections were
then washed with deionized water for 15 min, left to rest
in deionized water for 5 min, and then stained with Bie-
brich Scarlet-Acid Fuchsin solution (HT151, Sigma-
Aldrich) for 10 min. Tissue sections were next rinsed in
deionized water for 5 min and placed in working
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phosphotungstic acid (HT152, Sigma-Aldrich)/phospho-
molybdic acid (HT153, Sigma-Aldrich)/deionized water
solution for 5 min. Sections were successively counter-
stained in aniline blue (HT154, Sigma-Aldrich) for
10 min, rinsed in 1% acetic acid for 1 min, and stepwise
dehydrated with incubation in increasing concentrations
of ethanol (80, 90, 96, and 100%). Tissue sections were
finally mounted under glass coverslips using Permount
Mounting Media (SP15-100, ThermoFisher Scientific).
Images were digitally acquired at 1X magnification using
a Nikon Eclipse Ni-E light microscope and analyzed
using NIH Image] software (1.46r). Morphometric param-
eters, including total LV area, remote area, risk area, and
scar area, were measured in each section. In accordance
with our previous work [38], the risk region was defined
as the sum of the LV segment containing the infarct scar
and the two border zones (the region that encompasses
0.5 mm on either side of the lateral borders of the scar).
Total scar size (mass in mg) was enumerated by summa-
tion of scar masses corresponding to each transverse myo-
cardial slice (apex to base; five slices per heart)

scar mass (mg) = section mass(mg)( TV area ()

Quantification of myocardial collagen content
by picrosirius red staining

To evaluate cardiac fibrosis, myocardial collagen con-
tent was enumerated in picrosirius red stained sections
via quantitative analysis of polarized light microscopy
images, as previously performed [41]. As above, formalin-
fixed, paraffin-embedded myocardial tissue sections were
heated at 80 °C for 30 min, deparaffinized in xylene, and
stepwise rehydrated via incubation in decreasing concen-
trations of ethanol (100, 96, 90, and 80%) and deionized
water. Picrosirius red stain was prepared using 0.1% (w/v)
Direct Red 80 (365548-5G, Sigma-Aldrich) in picric acid
(P6744-1GA, Sigma-Aldrich). For each heart, mid-pap-
illary muscle level myocardial sections were incubated
in picrosirius red for 1 h, washed in 0.5% acetic acid (2
times; 1 min each), stepwise dehydrated with ethanol, and
mounted under glass coverslips using Permount Mount-
ing Media (SP15-100, ThermoFisher Scientific). Images
were digitally acquired using a Nikon Eclipse Ni-E micro-
scope at both 1X magnification under brightfield and at 4X
magnification under polarized light. Acquired polarized
light images (for each myocardial section) were digitally
reconstructed using the Stitching Plug-in for NIH ImageJ
(1.46r) [26]. Subsequently, a signal threshold was estab-
lished and applied to all acquired polarized light images
(including stained sections from all groups) prior to digital

quantification in ImageJ (1.46r). Results are expressed
as the percent area of collagen per myocardial tissue
region + SEM.

General immunostaining procedures

Transverse myocardial tissue sections were heated at 80 °C
for 30 min, deparaffinized with xylene, and stepwise rehy-
drated by successive rinsing in decreasing concentrations of
ethanol (100, 96, 90, and 80%) prior to placing in deionized
water. Antigen retrieval was then performed by submerg-
ing tissue sections in citrate retrieval buffer [2.4 g/L sodium
citrate tribasic dehydrate (S4641, Sigma-Aldrich), 0.35 g/L
citric acid (C0759, Sigma-Aldrich), pH 6.0] for 10 min at
approximately 100 °C. Sections were allowed to cool for
10 min on ice and washed in deionized water prior to appli-
cation of diluted antibodies raised against cell lineage-spe-
cific markers (detailed in Supporting Information Table S4).
Primary and secondary antibodies were diluted in antibody
diluent reagent (003,218, Invitrogen) prior to use. All sec-
tions were counterstained with 1 ug/mL DAPI (D3571, Inv-
itrogen) for 10 min and subsequently incubated with 0.1%
Sudan Black solution (199,664, Sigma-Aldrich) in 70% etha-
nol for 15 min to mitigate autofluorescence signal. Sections
were then washed with 1X PBS (3 times; 3 min each), rinsed
in deionized water, and finally mounted under glass cover-
slips using PermaFluor Aqueous Mounting Medium (TA-
030-FM, ThermoFisher Scientific). Images were acquired
digitally using a Nikon Eclipse Ti fluorescence microscope
and analyzed using NIH Image J software (1.46r).

Human CMC myocardial retention

Human CMC myocardial retention was assessed via anti-
body-mediated detection of human nucleoli antigen (HNA).
Briefly, transverse mid-papillary myocardial tissue sections
were deparaffinized and rehydrated as above, and permeabi-
lized in 0.2% Triton X-100 in 1X PBS for 15 min. Sections
were then subject to antigen retrieval using citrate retrieval
buffer, washed in deionized water, and blocked with 2%
horse serum (16,050,130, Invitrogen) in antibody diluent
reagent (003,218, Invitrogen) for 2 h at room temperature.
Slides were subsequently incubated with anti-HNA antibody
(AB190710, Abcam) overnight at 4 °C, washed in 1X PBS
(3 times), and incubated with Alexa Fluor 488-conjugated
secondary antibody (A21202, Invitrogen) at 37 °C for 1 h.
In an effort to identify CMC progeny assuming a mature
cardiovascular cell phenotype, tissue sections were also
co-stained with cardiovascular cell lineage-specific mark-
ers (e.g., sarcomeric and smooth muscle actin) to identify
HNA™ cardiomyocytes and/or vessels, respectively. Thus,
tissue sections were subsequently counterstained with
a-sarcomeric actin antibody (A2172, Sigma-Aldrich) for

@ Springer



3 Page6of24

Basic Research in Cardiology (2019) 114:3

1 h at 37 °C, washed with 1X PBS (3 times), and incubated
in Alexa Fluor 633-conjugated secondary antibody (A21046,
Life Tech); lastly, sections were incubated with a-smooth
muscle actin-Cy3-conjugated antibody (SMA) (C6198,
Sigma-Aldrich) at 37 °C for 1 h, and washed with 1X PBS
(3 times). Slides were finally counterstained with DAPI,
blocked with 0.1% Sudan Black solution, and mounted
under glass coverslips. For each heart, an entire mid-papil-
lary level, transverse myocardial tissue section was visually
screened for the presence of HNA™ nuclei and enumerated;
any of which were identified to be HNA* by the operator
were imaged at 30X magnification.

Myocardial capillary density

To detect capillaries, slides were incubated with fluorescein-
labeled Isolectin B4 (FL-1201, Vector Labs) for 3 h at 37 °C
and washed 3 times in 1X PBS. As an added measure to facili-
tate capillary identification, slides were also counterstained
with rhodamine-conjugated wheat germ agglutinin (WGA)
(RL-1022, Vector) for 30 min at room temperature and washed
in 1X PBS (3 times). Tissue sections were then counterstained
with DAPI, autofluorescence quenched with 0.1% Sudan Black
solution, and mounted under glass coverslips. Images were ran-
domly collected from regions corresponding to infarct, border,
and remote myocardial zones. Myocardial regions exhibiting
significant morphologic heterogeneity (i.e., infarct zones) were
imaged with near complete coverage—acquiring approximately
60-80 images per infarct zone; compared to regions which were
more uniform in nature, namely border and remote regions,
wherein 68 images and 4-6 images were collected and enu-
merated for each myocardial tissue section, respectively. Capil-
lary density (for each interrogated region) is expressed as the
average number of capillaries per unit area (mm?) + SEM.

Myocardial vessel density and proliferation

To enumerate vessel density, as well as proliferation, vessel
resident smooth muscles cells were assessed for incorpora-
tion of BrdU using a 5-bromo-2'-deoxy-uridine Labeling and
Detection Kit (Sigma-Aldrich), according to the manufac-
turer’s protocol. Briefly, anti-BrdU antibody was diluted in
manufacturer supplied diluent buffer (Sigma-Aldrich),
placed on mid-papillary level transverse myocardial sec-
tions, incubated at 37 °C for 1 h, and washed in 1X PBS (3
times). Slides were then incubated with anti-mouse Ig-fluo-
rescein secondary antibody (11,296,736,001, Sigma-
Aldrich) (11,296,736,001, Sigma) at 37 °C for 1 h and
washed in 1X PBS (3 times). Slides were subsequently coun-
terstained with a-sarcomeric actin antibody (a-SA) at 37 °C
for 1 h, washed 3 times in 1X PBS, and co-incubated in
Alexa Fluor 633 secondary antibody and a-smooth muscle
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actin-Cy3-conjugated antibody (SMA) (C6198, Sigma-
Aldrich) at 37 °C for 1 h. After a final wash with 1X PBS,
slides were counterstained with DAPI, blocked with 0.1%
Sudan Black solution, and mounted under glass coverslips.
As mentioned above, myocardial regions exhibiting
significant morphologic heterogeneity (i.e., infarct zones)
were imaged with near complete coverage—acquiring
approximately 60-80 images per infarct zone; as opposed to
regions that were more uniform in nature, namely border and
remote regions, where 6—8 images and 4—-6 images were
collected and enumerated for each myocardial tissue section,
respectively. Vessel density (for each interrogated
region) is expressed as the average number of vessels per
unit area (mm?)+ SEM. Vessels were stratified into two groups,
those of which were greater than or less than 20 um in
diameter. In addition, the number of vessels containing one or
more BrdU* smooth muscle cells were also enumerated and
reported as the mean percentage of BrdU* vessels per unit
area+ SEM. Lastly the total number of proliferating vessel
resident smooth muscle cells were counted and reported as the
meanpercentage of BrdU* nucleated cells in vessels per
myocardial region + SEM [%of BrdU*nucleated cells in

Total # of SMA*BrdU" cells 100
Total # of SMA*cells ’

vessels = (

Cardiomyocyte proliferation and cross-sectional
area

To assess cardiomyocyte proliferation, bromodeoxyuridine
(BrdU) labeled cardiomyocytes were identified and enu-
merated using a 5-bromo-2'-deoxy-uridine Labeling and
Detection Kit (Sigma-Aldrich), according to the manufac-
turer’s instruction. Briefly, anti-BrdU antibody was diluted
in manufacturer supplied diluent buffer (Sigma-Aldrich),
placed on mid-papillary level transverse myocardial sec-
tions, incubated at 37 °C for 1 h, and washed in 1X PBS
3 times. Next, kit supplied anti-mouse Ig-fluorescein sec-
ondary antibody (11,296,736,001, Sigma-Aldrich) and rho-
damine-conjugated WGA (to demarcate cell membranes)
were co-diluted in diluent buffer, placed on myocardial tis-
sue sections for 1 h at 37 °C, and subsequently washed in
1X PBS. Sections were then incubated with a-sarcomeric
actin antibody (a-SA) for 1 h at 37 °C, washed 3 times
with 1X PBS, and finally incubated with Alexa Fluor 633
secondary antibody for 1 h at 37 °C. Finally, slides were
counterstained with DAPI, blocked with 0.1% Sudan Black
solution, and mounted under glass coverslips. Myocardial
regions corresponding to infarct, border, and remote zones
were imaged (as above) and the number of BrdU* nucleated
myocytes enumerated. Per region, approximately 1500-2000
nucleated cardiomyocytes were counted in infarct zones,
500-600 in remote zones, and 500-700 in border zones for
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each myocardial tissue section. Data are presented as the
total number of regional BrdU* cardiomyocytes per 10,000
nucleated cardiomyocytes + SEM.

In addition to myocyte proliferation, the same staining
procedure was used to assess regional cardiomyocyte cross-
sectional area. Here, cardiomyocyte areas were determined
in transverse-cut cells with centrally located nuclei. In order
to only identify cells cut at a right angle to the long axis,
Nikon Elements software [64bit, version 4.13.05 (Build
933)] was used for measurements. Specifically, only cells
with a “Shape Factor” equal to and/or above 0.895 were
considered for area measurements, which is equivalent to a
perpendicular radius ratio > 1:1.4. For each heart, approxi-
mately 50 cardiomyocytes were measured per myocar-
dial region (infarct, border, and remote zones) of a single
mid-papillary muscle level, transverse myocardial section.
Regional myocyte cross-sectional area (um?) is reported as
the arithmetic mean + SEM. Further, cardiomyocyte size
distribution is reported in accompanying histograms.

Statistical analyses

Statistical analyses were performed using GraphPad Prism
version 7.00 for Windows (GraphPad Software, La Jolla Cal-
ifornia USA, http://www.graphpad.com). Flow cytometry
data (reporting percentages) were arcsine transformed and
subject to 2-way ANOVA with the post hoc Holm-Sidak’s
multiple comparison test. Gene expression data were log
base 10 [y=1log,,())] transformed prior to performing 2-way
ANOVA with post hoc Holm—Sidak’s multiple comparison
test. Immunoblot densitometric data were analyzed for sta-
tistical significance using the non-parametric Mann—Whit-
ney test. Echocardiographic and hemodynamic values were
subject to 1-way or 2-way ANOVA, where appropriate, fol-
lowed by the post hoc Holm-Sidak’s multiple comparison
test. For cardiomyocyte cross-sectional area data (that did
not exhibit a Gaussian distribution), statistical significance
was assessed using a non-parametric Kruskal-Wallis fol-
lowed by a post hoc Dunn’s multiple comparison test. For
all data sets, the arithmetic mean + SEM is reported. p values
of less than 0.05 were considered statistically significant.

Results

Pharmacologic HDAC1 inhibition promotes
cardiogenic gene transcription in human CMCs

In a previous report we demonstrated that sShRNA-medi-
ated knockdown of HDAC1 promotes the activation of a
core cardiogenic transcriptional program in human CMCs
[23]. Here we sought to determine whether the pharma-
cologic benzamide HDAC inhibitor entinostat, a class 1

isoform-selective HDACI that strongly targets HDAC1
(HDAC1 IC5,~ 300 nM) and weakly HDAC3 (HDAC3
IC5,~ 8 uM), would recapitulate the effects of HDACI1
genetic depletion on cardiogenic gene transcription in
CMCs. We first performed preliminary dose- (Fig. 1) and
time- (Fig. 2) response experiments on patient-derived
CMCs to empirically investigate the effect of entinostat
treatment on the magnitude of HDAC]1 inhibition and
gene transcription in vitro. As previous investigations have
revealed HDAC inhibition to influence the expression of
genetic networks associated with pluripotency [23, 29] and
cardiogenic lineage specification [23, 25, 44], RT-PCR was
used to assess the expression of stemness (OCT4, NANOG,
SOX2, and KLF4)-, cardiomyogenic (GATA4, MEF2C,
MYBPC3, NKX2.5, and TBX5)-, endothelial (KDR and
CD31)-, and smooth muscle (SM22a, aSMA, and CNN1)-
associated mRNA transcripts in response to entinostat expo-
sure. In Fig. 1a, the efficiency of entinostat-mediated HDAC
inhibition (72 h treatment; concentrations ranging from 0.25
to 2.0 uM) was interrogated by immunoblotting for acety-
lated lysine 9 of histone-H3 (AcK9-H3). We observed robust
inhibition of HDAC activity at the lowest investigated dose
of 0.25 uM, with maximal histone-H3 acetylation observed
at 0.50 uM and complete signaling saturation at all subse-
quent doses (Fig. 1a). In a correlative fashion, quantitative
PCR (qPCR)-based gene expression assays at correspond-
ing concentrations (ranging from 0.25 to 5.0 uM) revealed
a dose-dependent increase in stemness-, cardiac-, and
endothelial-related mRNA transcripts (Fig. 1b—d), many of
which achieved statistical significance at or beyond 1.0 uM
of entinostat exposure (specifically, OCT4, NANOG, SOX2,
KLF4, MYBPC3, NKX2.5, TBX5, and CD31); in contrast,
smooth muscle lineage-specific mRNA transcripts (e.g.,
SM22a and aSMA) exhibited a nominal decrease in expres-
sion with exception to CNN! (Fig. 1E), which showed a
statistical increase at 5.0 uM.

Next, the temporal effects of entinostat exposure on
CMC gene transcription were investigated. Here we chose
to use 1 uM concentrations of entinostat as this was deter-
mined to be the minimal concentration required to pro-
mote cardiogenic gene activation. In Fig. 2, CMCs were
treated for 3, 5, and 7 days with either 1 uM entinostat
or DMSO diluent control. Accompanying immunoblots
for acetylated histone-H3 revealed efficient inhibition of
HDAC activity by day 3—and maximal signal satura-
tion by day 5 (Fig. 2a). Further, at related endpoints we
observed a time-dependent increase in the expression of
stemness-, cardiac-, and endothelial-associated mRNA
transcripts (Fig. 2b—d), the majority of which began to
show statistical increases in relative expression by days
5and 7 (e.g., OCT4, NANOG, SOX2, GATA4, MYBPC3,
NKX2.5, TBX5, KDR, and CD31). Conversely, many
smooth muscle lineage-specific transcripts exhibited
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Fig. 1 Dose-dependent effects of entinostat exposure on CMC gene
transcription in vitro. a Representative immunoblot utilizing antibod-
ies raised against acetylated lysine 9 of histone H3 (AcK9-H3) and
B-actin (loading control). Total protein extracts were harvested from
human CMCs incubated with increasing concentrations of enti-
nostat for 72 h (n=2 independent biological replicates). Real-time

a time-dependent decrease (i.e., SM22a) or no change
(aSMA) in gene expression relative to controls, except for
CNNI, which again increased in response to entinostat
treatment (Fig. 2e). Together, these results indicate that
isoform-selective inhibition of HDACI1 via entinostat
exposure, like with shRNA-mediated depletion [23],
induce a core cardiogenic transcriptional program in
human CMCs and that prolonged exposure (5 days) to a
minimal dose of entinostat (1 uM) is sufficient for this
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transcriptional induction. While the precise mechanism(s)
detailing this response are not entirely clear, we previously
demonstrated that HDAC1 inhibition-mediated cardio-
genic transcriptional program activation in CMCs is partly
dependent upon enhanced acetylation and accumulation of
the tumor suppressor protein p53 [23]. In fact, p53 stabil-
ity and its transcriptional activity have been shown to be
negatively regulated by HDAC1-mediated deacetylation
of lysine residues 373/382 (K373/382) [49]. Moreover,
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Fig.2 Time-dependent effects of entinostat exposure on CMC gene
transcription in vitro. a Representative immunoblot using antibod-
ies raised against acetylated lysine 9 of histone H3 (AcK9-H3) and
B-actin (loading control). Total protein extracts were harvested from
human CMCs incubated with DMSO diluent control or 1 uM enti-
nostat for a duration of 3, 5, and 7 days (n=2 independent biological

other studies have revealed p53 expression and its tran-
scriptional activity to play a key role in the regulation of
myogenic differentiation of embryonic stem cells [7], as
well as skeletal muscle precursors [8, 21, 32]. To this end,
p53 acetylation and total protein levels were assessed in
CMCs treated with 1 uM entinostat or DMSO diluent con-
trol for 5 days. While immunoblot analyses revealed only a
nominal increase in the total protein levels of p53 (Fig. 3a,
c), antibody-mediated detection of acetylated p53 revealed
significant hyper-acetylation of K382 in entinostat-CMCs
compared to DMSO controls (Fig. 3b, c)—closely reit-
erating previously observed effects of genetic HDACI1

SM220(TAGLN) «SMA (ACTA2) CNN1 (Calponin-1)

replicates). Real-time qPCR-based gene expression assays evaluating
the expression of b stemness-, ¢ cardiomyogenic-, d endothelial-, and
e smooth muscle-related mRNA transcripts at associated time-points.
Bar graphs denote mean relative mRNA expression+SEM (n=35
independent biological replicates)

depletion on CMC p53 acetylation and cardiogenic gene
expression [23].

CMCs treated with entinostat adopt
a cardiomyocyte cell-like fate following their
differentiation in vitro

We next sought to investigate the consequences of enti-
nostat-induced cardiogenic program activation on CMC dif-
ferentiation in vitro. CMCs were treated with either 1 pM
entinostat or DMSO diluent control in Ham’s F12 complete
medium for 5 days (Fig. 3d). As previously performed [23],
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CMC s were then coaxed to differentiate via incubation under
reduced serum conditions (DMEM, 5% FBS) for 2 weeks
(Fig. 3d). At the conclusion of differentiation, CMCs were
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harvested and subject to flow cytometric analyses using
antibodies raised against the myocyte lineage-specific tran-
scription factor, MEF2C (myocyte enhancer factor 2C), and
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«Fig.3 Entinostat-treated CMCs exhibit heightened commitment
toward a cardiomyocyte-like phenotype when stimulated to differenti-
ate in vitro. Quantification of a p53 and b acetylated p53 (acetyl-p53;
acetylated lysine 382) protein in ¢ immunoblots containing whole cell
extracts derived from CMCs treated with DMSO diluent control or
1 uM entinostat for 5 days. Bar graphs denote mean p53 or acetylated
p53 protein expression (relative to f-actin loading controls) + SEM
(n=4 independent biological replicates). d In vitro cardiogenic dif-
ferentiation schematic and timeline. e Flow cytometric detection
of myocyte lineage-specific proteins [MEF2C (myocyte-specific
enhancer factor 2C), MHC (cardiac myosin heavy chain), and MLC2
(cardiac myosin light chain 2)] in differentiated CMCs pre-treated
with DMSO diluent control or 1 uM entinostat for 5 days. Isotype
controls (rabbit IgG and mouse IgG2b) were used to evaluate non-
specific antibody binding characteristics and establish appropriate
gating procedures (blue polygons). Percentages denote the arithmetic
mean of 6 independent experiments. f Bar graph depicting flow cyto-
metric-based quantification of the percentage of differentiated CMCs
expressing MEF2C, MHC, and MLC2 proteins. Values denote mean
percentage of expressing cells+SEM (n=6 independent biological
replicates)

myocyte contractile machinery component proteins, MHC
(myosin heavy chain) and MLC2 (myosin light chain 2)
(Fig. 3f, e). Relative to DMSO controls, entinostat-treated
CMCs more competently assumed a cardiomyocyte-like
phenotype wherein approximately 10% of CMCs expressed
cardiomyocyte-specific MHC (9.8 £2.3% vs. 1.1 +0.2%;
entinostat vs. DMSO, p<0.0001), MEF2C (8.8 +1.9% vs.
1.3+ 0.2%; entinostat vs. DMSO, p <0.0005), and MLC2
(11.8+1.8% vs. 4.9+ 1.7%; entinostat vs. DMSO, p <0.001)
(Fig. 3f, e). In contrast, DMSO-treated CMCs exhibited no
statistical difference in the percentage of cells that express
MHC and MEF2C compared to isotype controls, however,
as much as 4.9% of the control population was observed
to express MLC2 (Fig. 3f, e). These results indicate that
although entinostat-treated CMCs may be epigenetically/
transcriptionally poised for cardiogenic cell-lineage specifi-
cation, only approximately 10% of the CMC populations are
in fact amenable to cardiomyocyte-like differentiation under
these conditions—a phenomenon we previously observed
with genetic HDACI depletion in vitro [23].

Entinostat-treated CMCs induce greater attenuation
of LV remodeling and dysfunction

In a previous report we demonstrated that HDAC1-depleted,
cardiomyogenic lineage-committed CMCs possess distinct
trophic factor secretion profiles and augmented in vitro par-
acrine signaling activities relative to naive CMCs [22]. In
light of these findings, we postulated that HDAC1 could
serve as a therapeutically exploitable target to enhance CMC
cardiac reparative capacity. To test this hypothesis, athymic
nude rats were subjected to ischemia-reperfusion injury (as
detailed in the “Methods” section), randomized into treat-
ment groups, and intramyocardially administered CMCs

(entinostat-treated or DMSO diluent control-treated) or PBS
vehicle. Indices of cardiac function were assessed via serial
echocardiograms on day 0 (baseline), day 30 (immediately
before treatment; Pre-Tx), and day 65 (35 days after treat-
ment; Post-Tx) (Fig. 4a). As expected, echocardiographic
assessment of chamber dimensions revealed the develop-
ment of adverse left ventricular (LV) remodeling in vehi-
cle-treated rats, as evidenced by the progressive increase
in LV end-diastolic and end-systolic volumes (Fig. 4b, c,
respectively) relative to baseline. Although vehicle-, DMSO
CMC-, and entinostat CMC-treated groups exhibited no dif-
ference in LV end-diastolic ventricular volumes after treat-
ment (Fig. 4b), entinostat-treated rats exhibited a statistically
significant decrease in end-systolic ventricular volumes com-
pared to that of vehicle-, whereas only a nominal decrease
was observed with DMSO CMC-treated animals (vehicle
192.2+11.7 uL; DMSO CMC 162.0+18.8 puL; entinostat
CMC 137.9+12.3 uL) (Fig. 4c). Moreover, rats adminis-
tered entinostat-treated CMCs showed a marked increase
in stroke volume (vehicle 172.3 +8.0 uL; DMSO CMC
186.5 +8.4 puL; entinostat CMC 221.3 +9.8 pL) (Fig. 4d)
and cardiac output (vehicle 59.1 3.6 ml/min; DMSO CMC
60.2 + 3.4 ml/min; entinostat CMC 74.1 + 3.8 ml/min)
(Fig. 4f), with no detectable change in heart rate (Fig. 4e),
35 days after treatment compared to both DMSO CMC-
and vehicle-treated groups (Fig. 4d). Additional indices of
cardiac function, such as ejection fraction (EF) and frac-
tional shortening (FS), were evaluated (Fig. 4g—j). 35 days
after treatment, both entinostat- and DMSO-treated CMCs
exhibited a statistically significant increase in EF relative
to vehicle (vehicle 47.7 +1.0%; DMSO CMC 56.5 + 1.9%;
entinostat CMC 60.4 +1.5%); however, the magnitude
of this increase was significantly greater with entinostat-
treated CMCs (Fig. 4g). The change in EF (AEF) from pre-
to post-treatment was also determined for each animal in
each treatment group. Both entinostat- and DMSO-treated
CMC:s exhibited a statistically significant improvement in
AEEF relative to vehicle (vehicle — 5.4 + 1.4%; DMSO CMC
+2.9 +£2.3%; entinostat CMC +5.6 +2.1%), although these
improvements were similar among both CMC treatment
groups (Fig. 4h). Interestingly, 35 days after treatment, enti-
nostat CMC-treated rats displayed a significant increase in
FS relative to vehicle-treated groups whereas DMSO CMCs
did not (vehicle 12.4+1.3%; DMSO CMC 13.5+1.5%;
entinostat CMC 17.7 +1.7%) (Fig. 4i). Such observations
were further corroborated after plotting the change in FS
(AFS) from pre- to post-treatment wherein only entinostat-
treated CMCs yielded a significant change in FS relative to
vehicle-treated animals (vehicle — 1.1+ 1.1%; DMSO CMC
+4.0 4+ 1.4%; entinostat CMC +6.3 +2.2%) (Fig. 4j). Taken
together these results suggest that entinostat-treated CMCs
have a greater capacity to improve LV remodeling and global
LV function relative to naive (DMSO-treated) CMCs.
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Fig.4 Epigenetically modified CMCs more efficiently attenuate post-
MI ventricular remodeling and dysfunction in vivo. a Schematic
diagram detailing the timeline of ischemia-reperfusion procedures,
serial echocardiogram collection (corresponding to baseline, pre-
treatment [pre-Tx], and post-treatment [post-Tx]), and cell injections.
At associated time-points, ventricular volumes [b end-diastolic vol-
ume (ul) and ¢ end-systolic volume (ul)] and functional parameters
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[d stroke volume (ul), e heart rate (BPM), f cardiac output (ml/min),
g ejection fraction (%), and i fractional shorting (%)] were calcu-
lated for each group. The change in h ejection fraction (AEF) and j
fractional shortening (AFS) from pre-treatment to post-treatment is
depicted in accompanying dot plots. All graphs report mean+SEM
for treatment groups consisting of vehicle- (n=11), DMSO CMC-
(n=10), and entinostat CMC- (n=10) injected animals
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As an additional measure, all experimental groups were
also assessed by hemodynamic analyses 35 days after treat-
ment (prior to euthanasia). Here, the consequences of CMC
administration on load-dependent (LV ejection fraction,
LV dP/dt,,,, and LV dP/dt;,) and load-independent (end-
systolic elastance and adjusted maximal power) indices
of LV systolic function were evaluated. Analogous to our
echocardiography-based observations, hemodynamic anal-
yses revealed neither DMSO CMCs nor entinostat-treated

CMCs to yield a measurable change in LV end-diastolic

volumes relative to vehicle controls (Fig. 5a); however,
only entinostat CMC-treated rats exhibited a statistically
significant decrease in end-systolic volumes compared to
vehicle-treated groups (vehicle 174.1+13.7 ul; DMSO
CMC 153.2+14.6 pl; entinostat CMC 126.7 +10.5 pl)
(Fig. 5b). Further, comparisons of ventricular function
revealed both entinostat and DMSO-treated CMCs to yield
a significant improvement in EF relative to vehicle-treated
rats (vehicle 48.8 +1.1%; DMSO CMC 54.3 +1.9%; enti-
nostat CMC 60.0 +1.3%) (Fig. 5c), although the degree of
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Fig.5 Hemodynamic analyses indicate a therapeutic advantage with
epigenetically modified CMCs compared to naive CMCs. Conduct-
ance catheters were used 35 days after CMC treatment to evaluate
ventricular volumes [a end-diastolic volume (ul) and b end-systolic
volume (ul)], [c ejection fraction (%), d heart rate, e LV dP/dt
and LV dP/dt

max
(mmHg/sec)], and load-independent indices of

min

LV systolic function [f end-systolic elastance (mmHg/ml) and g
pre-load adjusted maximal power (mWatts/ul®)]. All graphs report
mean=+SEM for treatment groups consisting of vehicle- (n=10),
DMSO CMC- (n=10), and entinostat CMC- (n=10) injected ani-
mals
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this improvement was considerably greater with entinostat-
treated CMCs over that of control CMCs. Additional physi-
ologic parameters that were measured included heart rate
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(Fig. 5d), which was notably similar amongst all groups, and

LV dP/dt

max and dP/dr_.. (Fig. Se), an indicator of global

LV contractility that exhibited only nominal increases in
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«Fig.6 Entinostat-CMC administration more efficiently attenuates
myocardial fibrosis. a Schematic diagram detailing cardiac dissection
for histopathology. Each heart was dissected into 5x3 mm blocks
(B1-B5) prior to histopathological analysis. Planimetric measure-
ments of b Masson’s trichrome-stained transverse myocardial tissue
sections (B1-B5; 4 um in depth) were used to enumerate scar size,
reported in ¢ mass (mg) and d percentage of LV (% scar, /LV ..
% wt/wt) in vehicle- (n=11), DMSO CMC- (n=10), and entinostat
CMC- (n=10) treated rat hearts. Dot plots report the arithmetic
mean+SEM. Scale bars=3 mm. e Myocardial collagen content was
digitally enumerated via polarized light microscopy of picrosirius red
stained mid-papillary level myocardial sections (top row: brightfield;
bottom row: polarized light). Scale bars=1 mm. f Regional collagen
content (risk and remote myocardial zones) was quantified in cardiac
sections derived from vehicle- (n=11), DMSO CMC- (n=10), and
entinostat CMC- (n=10) injected animals. Values are reported as
regional collagen content (% area) + SEM

DMSO- and entinostat-treated CMCs relative to vehicle.
Bearing this in mind, the observed decreases in LV end-
systolic volumes suggest that the beneficial effects imparted
by entinostat-treated CMCs may, in part, be attributed to
enhancements in cardiac contractility. LV end-systolic
elastance (E,,) and preload-adjusted maximal power, both
load-insensitive indices of LV contractility, were also
measured (Fig. 5f, g, respectively). Congruent with the
concept of increasing contractility, only entinostat-treated
CMCs produced a statistically significant improvement in
both end-systolic elastance (vehicle 0.59 +0.05 mmHg/
ml; DMSO CMC 0.74 +0.06 mmHg/ml; entinostat CMC
0.83 +0.07 mmHg/ml) (Fig. 5f) and adjusted maximal power
(vehicle 6.8 +0.5 mW/ul*; DMSO CMC 8.1+0.9 mW/ul%;
entinostat CMC 10.6 + 1.5 mW/ul?) (Fig. 5g) compared to
the vehicle-treated animals. Thus, two independent methods
of functional assessment (echocardiography and hemody-
namic studies with conductance catheters) consistently dem-
onstrate that delivery of entinostat-treated CMCs provides
greater improvement in LV systolic performance than naive
CMCs (DMSO control-treated).

Entinostat-CMC administration reduces myocardial
collagen deposition

Thirty-five days after treatment, all groups were subjected
to histological analyses to evaluate infarct size, as well as
myocardial collagen content. In Fig. 6a, resected hearts were
transversally cut into five blocks (B1-B5), in 3 mm incre-
ments, from apex to base. The scar size of each block was
determined via planimetry of Masson’s trichrome-stained
tissue sections (Fig. 6b) and summed to yield total scar size
(in mg) for each heart (Fig. 6¢). Resultant data revealed that
neither entinostat-treated CMCs nor DMSO control-treated
CMCs produced a measurable difference in total scar size
relative to vehicle (Fig. 6¢). Further, there was no detect-
able difference in scar size calculated as a percentage of
the LV, whereby amongst all groups approximately 10%

of the LV consisted of scar tissue (Fig. 6d). Intriguingly,
assessment of myocardial collagen content displayed dis-
similar findings. In Fig. 6e, regional collagen content was
enumerated via polarized light microscopy of picrosirius
red stained mid-papillary level myocardial sections. In the
risk region (consisting of scar and border zone), entinostat-
treated CMCs exhibited a statistically significant decrease in
collagen content relative to vehicle, whereas only a nominal
decrease was observed with DMSO-treated CMCs (vehicle
23.9+2.5%; DMSO CMC 20.3 +2.3%; entinostat CMC
17.3+1.3%) (Fig. 6f). Such effects were less pronounced
in remote zones, wherein entinostat-CMCs yielded an aver-
age, yet non-significant, reduction in collagen content within
remote regions relative to both vehicle and DMSO CMC-
treated groups (vehicle 3.5 +0.7%; DMSO CMC 3.5 +0.6%;
entinostat CMC 2.9 +0.3%) (Fig. 6f). These results indi-
cate that although entinostat-treated CMCs do not decrease
infarct size, they do, however, impede myocardial collagen
deposition—a phenomenon that could facilitate improved
ventricular compliance and, importantly, underlie the
observed improvements in LV systolic function.

Functional benefits provided by epigenetically
modified CMCs are not associated with enhanced
vasculogenesis or cardiomyogenesis

Having observed significant improvements in cardiac func-
tion, as well as measurable reductions in myocardial colla-
gen content with entinostat-treated CMCs, we next sought
to determine whether such improvements could be attributed
to improved donor cell retention and/or enhanced activa-
tion of endogenous repair mechanisms (e.g., angiogenesis
and cardiomyocyte proliferation). To address the former, the
presence of myocardial retained human CMCs was evalu-
ated via immunohistochemical detection of human nucleoli
antigen (HNA) (Fig. 7a). Consistent with previous reports
highlighting diminutive retention of donor cells [10], less
than approximately 0.5% of the injected 2 million cells per
heart were detected in either entinostat- or DMSO-treated
CMC hearts—demonstrating that CMC myocardial retention
is nearly negligible 35 days after delivery. Of the few HNA™*
CMC:s identified in either entinostat or DMSO CMC-treated
hearts, none expressed mature cardiovascular cell lineage
markers or acquired morphological characteristics reminis-
cent of functional cardiac parenchyma.

Regional capillary density was next evaluated in all
groups via isolectin B4 staining of mid-papillary level,
transverse myocardial sections (Fig. 7b); here, entinostat and
DMSO-treated CMC groups exhibited no difference in the
number of capillaries in any of the investigated myocardial
regions, relative to vehicle control rats (Fig. 7¢). In corre-
sponding tissue sections, cardiomyocyte proliferation was
also interrogated and enumerated via immunohistochemical
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«Fig.7 The effects of entinostat on CMC retention, myocardial cap-
illary density, and endogenous myocyte proliferation. a Representa-
tive myocardial tissue sections (top four panels: human atrial append-
age controls; bottom four panels: DMSO CMC-injected rat) stained
with antibodies raised against human nucleolar antigen (HNA;
white), a-sarcomeric actin (a-SA; myocytes; red), and smooth mus-
cle actin (SMA; vessels; green). Nuclei are counterstained with DAPI
(nuclei; blue). Scale bars=100 um. b Representative myocardial tis-
sue sections derived from DMSO CMC-injected rat hearts (top four
panels: remote zone; bottom four panels: infarct zone) stained with
isolectin B4 (capillaries; green), wheat germ agglutinin (WGA; cell
membranes; red), and DAPI (blue). Scale bars=100 pm. ¢ Graph
depicting regional capillary density in infarct, border, remote, and
risk regions of vehicle- (n=11), DMSO CMC- (n=10), and enti-
nostat CMC- (n=10) injected rat hearts. Results are reported as the
number of capillaries per mm?+SEM. d Representative myocardial
tissue sections derived from DMSO CMC-treated rat hearts (top
panel: infarct zone; bottom panel: remote zone) stained with antibod-
ies raised against a-sarcomeric actin (a-SA; myocytes; red), wheat
germ agglutinin (WGA; cell membranes; green), and 5-Bromo-2'-
deoxyuridine (BrdU; proliferating cells; white). Nuclei are counter-
stained with DAPI (nuclei; blue). Scale bars =100 pm. e Graph illus-
trating the number of BrdU™ nucleated myocytes within myocardial
regions (infarct, border, remote, and risk region) of vehicle (n=11),
DMSO CMC (n=10), and entinostat CMC (n=10) treatment groups.
Values are reported as the number of BrdU' myocytes per 10,000
nucleated myocytes + SEM

detection of nuclear incorporated BrdU in mature cardiomy-
ocytes (Fig. 7d). Analyses revealed entinostat and DMSO-
treated CMC groups to exhibit no detectable difference in
the number of BrdU" nucleated cardiomyocytes in any of
the investigated myocardial regions, compared to vehicle
control rats (Fig. 7e). In fact, on average, less than 1% of all
nucleated myocytes were BrdUT—suggesting that endoge-
nous cardiomyocyte proliferation is very low and, moreover,
unaffected by CMC treatment.

Analogous conclusions were drawn when investigating
the effects of CMC administration on regional myocardial
vessel density and growth (Fig. 8). Here, a-smooth mus-
cle actin (SMA) antibody was used to detect and quantify
myocardial vessels in mid-papillary level transverse myocar-
dial tissue sections (Fig. 8a). For each group, blood vessels
were stratified according to luminal diameter, reporting the
total number of vessels per unit area that were less than
or greater than 20 um in diameter (Fig. 8b and 8c, respec-
tively). Neither entinostat- nor DMSO-treated CMCs exhib-
ited a change in vessel density in either small (Fig. 8b) or
large (Fig. 8c) diameter vessels, in any and all investigated
myocardial regions, relative to vehicle. Similar trends were
observed when enumerating the total of both small and large
luminal diameter vessels together (Fig. 8d)—where again,
no measurable change in total vessel density was observed
amongst entinostat CMC-, DMSO CMC-, and vehicle-
treated groups. Although no change in the absolute number
of vessels was evident among these groups, we next sought
to investigate the consequences of entinostat CMC admin-
istration on endogenous vessel growth. This was achieved

via antibody-mediated detection and enumeration of nuclear
incorporated BrdU within cells residing in SMA™ vessels
(Fig. 8e). The number of small (Fig. 8f) or large (Fig. 8g)
vessels per unit area that were BrdU™ (counting vessels that
had one or more BrdU" nucleated cells) was no different
among entinostat CMC-, DMSO CMC-, and vehicle-treated
rats. Moreover, no measurable difference was observed in
the percentage of BrdU™ nucleated vessel cells, where in all
groups approximately 10-15% of counted nucleated vessel
cells were identified to be BrdU™" (Fig. 8h). Taken together,
these results indicate that neither naive CMC nor entinostat-
treated CMC administration provides any measurable ben-
efits on endogenous myocardial vessel growth or regional
vessel density.

Entinostat-treated CMCs increase cardiomyocyte
cross-sectional area

Previous investigations suggest regression of cardiomyo-
cyte hypertrophy as an additional mechanism of action of
donor cells in cardiac cell therapy [35, 39]. To this end, a
comprehensive assessment of regional cardiomyocyte cross-
sectional area was performed on wheat germ agglutinin
(WGA)-stained, transverse mid-papillary level myocardial
tissue sections from entinostat CMC-, DMSO CMC-, and
vehicle-treated rats (Fig. 9a). Unexpectedly, both DMSO
CMC- and entinostat CMC-treated rat hearts exhibited a
statistically significant increase in myocyte cross-sectional
area in all investigated myocardial regions [e.g., infarct,
border, and remote zones (Fig. 9b)], relative to vehicle.
The relative increase in myocyte size was similar between
entinostat- and DMSO-treated CMCs compared to vehicle
within infarct regions (vehicle 380.8 + 11.1 um?; DMSO
CMC 499.9 +11.9 um?; entinostat CMC 513.0 + 12.2 um?)
(Fig. 9b); however, entinostat CMCs elicited a signifi-
cantly greater increase in myocyte cross-sectional area
in remote regions compared to DMSO CMCs (vehicle:
269.4 +3.8 um?; DMSO CMC 290.8 +5.7 um?; entinostat
CMC 352.3 +5.8 um?) (Fig. 9b). All digitally measured
myocytes were further graphed in accompanying histo-
grams to ascertain data distribution (Fig. 9¢). These his-
tograms illustrate that measured myocytes in CMC-treated
hearts, on average, tend to exhibit a larger cross-sectional
area compared to vehicle controls in all investigated myo-
cardial regions (Fig. 9c). Moreover, in remote zones, enti-
nostat CMC-treated hearts possessed a greater number
of myocytes whose cross-sectional area was greater than
350 um?, compared to DMSO CMC- and vehicle-treated
hearts exhibiting similar distribution patterns (Fig. 9c).
These effects on myocyte size were found to be independ-
ent of body weight, as all rat groups exhibited similar body
mass (Fig. 9d) but appeared to correlate with increasing ven-
tricular weights observed in CMC-treated groups (vehicle
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«Fig.8 The consequences of entinostat CMC administration on myo-
cardial vessel density and growth. a Representative myocardial tis-
sues sections stained with a-sarcomeric actin (a-SA; myocytes; red),
smooth muscle actin (SMA; vessels; green), 5-bromo-2'-deoxyuridine
(BrdU; proliferating cells; white), and DAPI (nuclei; blue). Sections
were sourced from vehicle (n=11), DMSO CMC (n=10), and enti-
nostat CMC (n=10) treatment groups and accompanying images
correspond to infarct (top row), border (middle row), and remote
(bottom row) myocardial regions. Scale bars=100 pum. Regional
vessel density (total number of vessels per mm?+SEM) is reported
in accompanying graphs and is stratified into vessels with a luminal
diameter of b<20 um and ¢>20 pm; d illustrates the total num-
ber of vessels (including both small and large vessels) per unit area.
e [Illustrative myocardial tissues sections sourced from entinostat
CMC-injected rats (infarct zones are shown). Sections were stained
with a-sarcomeric actin (a-SA; myocytes; red), smooth muscle actin
(SMA,; vessels; green), 5-Bromo-2'-deoxyuridine (BrdU; proliferating
cells; white), and DAPI (nuclei; blue). Yellow arrows identify BrdU-
labeled, SMA™ vessels (proliferating vessels). Scale bars=100 um.
The number of proliferating vessels per unit area (BrdU" vessels per
mm?+ SEM) is reported in associated graphs and is stratified accord-
ing to vessel luminal diameters of f <20 pm and g>20 pm; h reports
the total percentage of nucleated vessel cells that were identified to be
BrdU" (% of BrdU" nucleated cells in vessels + SEM)

636.8 +62.0 mg; DMSO CMC 719.7 +35.0 mg; entinostat
CMC 848.6 +50.2 mg) (Fig. 9e)—although only entinostat
CMC-treated rat hearts displayed a statistically significant
increase in overall LV mass relative to vehicle. Overall, these
results suggest that intramyocardial delivery of epigeneti-
cally modified CMCs promotes myocyte growth in recipi-
ent hearts, compared to DMSO CMCs, whose effects were
considerably milder.

Discussion

The phenotypic properties underlying donor cell cardiac
reparative capacity remain poorly defined, as are their pre-
cise mechanism(s) of action. Previous evidence suggests
that donor cell cardiomyogenic lineage commitment could
be an important element influencing the efficacy of cell
therapy [2, 28, 45]; however, whether this is a crucial fea-
ture contributing to their therapeutic benefits remains to be
resolved. Nonetheless, this view has been the driving force
behind numerous studies describing new and efficient meth-
odologies to stimulate mesenchymal cell cardiomyogenic
lineage commitment and/or cardiomyocyte differentiation
[12, 17, 23, 24, 27, 43]—techniques which could, theoreti-
cally, be exploited to increase the therapeutic utility of donor
cells in cell therapy-based applications for the treatment of
ischemic cardiac injury. Following this line of investigation,
we previously identified HDAC] as an important regulator
of CMC cell fate decisions, wherein HDAC1 genetic deple-
tion efficiently promoted activation of a core cardiogenic
transcriptional program and facilitated cardiomyocyte-like
differentiation of human CMCs in vitro [23]. Further, CMCs

depleted of HDACI1 exhibited markedly distinct cytokine
secretion profiles and heightened in vitro paracrine signal-
ing potency in vitro [22]—suggesting that HDACI inhibi-
tion could have pronounced consequences on CMC cardiac
reparative capacity in vivo. To this end, the principal goal
of the current study was to evaluate the influence of pharma-
cologic class one isoform-selective HDAC inhibition on (1)
CMC cardiomyogenic lineage commitment and (2) its asso-
ciated effects on CMC therapeutic efficacy in a rat model of
ischemic cardiomyopathy.

In the current study, we demonstrate that the benzamide
HDAC inhibitor entinostat stimulates CMC cardiogenic
gene transcription. This was evidenced via both a dose- and
time-dependent increase in the expression of early (NKX2.5,
TBXS5, and GATA4) and late (MEF2C) cardiogenic tran-
scription factors—factors known to cooperatively regulate
genetic programs involved in cardiomyogenic differentia-
tion. The precise mechanisms underlying CMC cardiogenic
program activation in response to HDAC inhibition are not
entirely clear; however, our previous work suggests that
this phenomenon occurs via a p53 dependent mechanism,
wherein HDACI inhibition-mediated cardiogenic transcrip-
tional program activation requires, for the most part, the cel-
lular accumulation of acetylated p53 protein [23]. Congruent
with these observations, p53 stability and its transcriptional
activity have been shown to be negatively regulated via
direct deacetylation of lysine residues 373/382 (K373/382)
by HDAC1 [49]. Interestingly, pS3 has been identified as an
important mediator of myogenic differentiation of embry-
onic stem cells (via regulation of the mesodermal master
genes Brachyury and Mesp1) [7], as well as skeletal muscle
precursors [8, 21, 32]. Thus, we postulate that HDAC1 may
indirectly regulate cardiomyogenic transcriptional programs
in CMCs by directly modifying p53 acetylation status, and
consequently, pS3 transcriptional activity. In support of
this proposed mechanism, entinostat-induced alterations in
CMC cardiogenic program activation was associated with
marked increases in K382 p53 protein acetylation—notably
recapitulating our previously observed effects with genetic
HDACI1 knockdown [23]. Resultant transcriptional profiles
from entinostat-treated CMCs suggest the acquisition of a
developmental state with heightened commitment towards
the cardiomyogenic lineage. Consistent with this assess-
ment, entinostat-treated CMCs more efficiently assumed a
cardiomyocyte-like phenotype when coaxed to differenti-
ate in vitro under reduced serum conditions. This was indi-
cated by the increased expression of the late cardiogenic
transcription factor, MEF2C, and cardiomyocyte contractile
machinery component proteins, MHC and MLC2. Despite
observing increased expression of these cardiomyocyte
proteins in entinostat pre-treated CMCs, at no time were
spontaneous beating cardiomyocytes ever detected—sug-
gesting that although entinostat-treated CMCs appear to be
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«Fig.9 The effects of entinostat-treated CMCs on cardiomyocyte
cross-sectional area. a Representative myocardial tissue sections
derived from vehicle, DMSO CMC, and entinostat CMC treatment
groups (infarct regions are shown). Sections were stained with anti-
bodies raised against o-sarcomeric actin (x-SA; myocytes; red)
and wheat germ agglutinin (WGA; cell membranes; green). Nuclei
are counterstained with DAPI (nuclei; blue). Scale bars=100 pm.
b Graphs illustrating mean cardiomyocyte cross-sectional area
(um?)+SEM in vehicle (n=11), DMSO CMC (n=10), and enti-
nostat CMC (n=10) treatment groups according to myocardial region
(infarct, border, and remote). Abscissas indicate the total number of
myocytes measured per group. ¢ Accompanying histograms show-
ing myocyte size distribution [number of values vs. cardiomyocyte
size (bin center; area in um?)] according to myocardial region for
vehicle (grey), DMSO CMC (black), and entinostat CMC (red) treat-
ment groups. Figure legends indicate the total number of myocytes
measured per group. d Bar graph reporting the mean body weight
(2) +SEM of vehicle (n=11), DMSO CMC (n=10), and entinostat
CMC (n=10) treatment groups. e Bar graph reporting mean left ven-
tricular mass (mg)+SEM of vehicle (n=11), DMSO CMC (n=10),
and entinostat CMC (n=10) treatment groups

transcriptionally poised or rather primed for cardiomyogenic
differentiation, additional genetic factors and/or environmen-
tal ques are likely necessary for complete maturation.

In addition to its effects on enhancing CMC cardiomyo-
genic lineage commitment in vitro, entinostat pre-treatment
significantly augmented CMC cardiac reparative capacity
in vivo. Here, entinostat CMCs more effectively attenuated
myocardial remodeling and improved LV systolic perfor-
mance in a chronic model of heart failure, compared to naive
cells (DMSO-treated CMCs) whose therapeutic benefits
were considerably less conspicuous. For instance, echocar-
diography revealed that only entinostat CMC-treated hearts
bore statistically significant improvements in LV end-sys-
tolic volume, stroke volume, cardiac output, and fractional
shortening relative to vehicle-treated hearts; however, both
entinostat- and DMSO-treated CMCs were found to produce
relatively similar improvements in LV EF using this imag-
ing modality. Comparable conclusions were drawn from
hemodynamic studies with conductance catheters; therein,
only entinostat CMC-treated hearts exhibited a statistically
significant decrease in LV end-systolic volumes compared
to vehicle. Although echocardiography showed that both
entinostat and DMSO CMCs exhibited similar improve-
ments in LV EF, conductance catheterization demonstrated
that entinostat CMCs provided the greatest increase in EF
compared to vehicle-treated hearts. Hence, two independent
methods of functional assessment indicate that entinostat-
treated CMCs are therapeutically more efficacious than naive
CMCs (DMSO control-treated). Clues as to the physiologic
basis of these improvements in cardiac function were pro-
vided by the evaluation of additional physiologic parameters,
namely, LV end-systolic elastance (E,) and preload-adjusted
maximal power—both load-insensitive indices of cardiac
contractility. Specifically, entinostat-treated CMCs produced

a pronounced, statistically significant increase in both E,
and adjusted maximal power relative to vehicle-treated
rats, whereas only a minor (non-significant) increase was
observed with DMSO CMCs. Taken together, these analy-
ses suggest that the salutary effects provided by entinostat-
treated CMCs could largely be ascribed to improvements in
myocardial contractility.

Histopathological evaluation of CMC-treated hearts indi-
cated that the improvements in ventricular performance were
neither related to a decrease in infarct size nor an increase
in endogenous cardiomyogenesis and/or angiogenesis. This
is in contrast to previous reports which have indicated that
infused cardiac-sourced mesenchyme stimulates endogenous
myocyte proliferation and induce arteriogenesis/neovascu-
larization [1, 35, 39]. In our study, the only measurable his-
topathological changes detected were those in myocardial
collagen content among entinostat CMC-, DMSO CMC-,
and vehicle-treated hearts; wherein entinostat CMC-treated
hearts exhibited a more prominent decrease in myocardial
collagen deposition compared to that of naive CMCs. Enti-
nostat CMCs specifically yielded both a 28% and a 17%
decrease in myocardial collagen content within risk and
remote regions, respectively, compared to naive CMCs,
which produced only a nominal decrease of 15% within risk
regions. These findings suggest that entinostat-treated CMCs
more efficiently attenuate myocardial fibrosis—findings
which suggest diminished myocardial rigidity and improved
LV compliance as a potential mechanism contributing to the
enhanced therapeutic efficacy of entinostat-treated CMCs.
Of course, such a mechanism is consistent with the observed
preservation of end-systolic volumes, increased LV end-
systolic elastance, and improved preload-adjusted maximal
power in entinostat CMC-treatment groups 35 days after
treatment. In addition to these alterations in cardiac fibro-
sis, we also observed a significant increase cardiomyocyte
cross-sectional area in CMC treatment groups—an effect
which, again, was more pronounced with entinostat-treated
CMCs. Relative to vehicle-injected groups, entinostat CMC-
treated hearts exhibited a 31% increase in cardiomyocyte
area within remote myocardial regions compared to naive
CMCs, which showed only an 8% increase. Both entinostat
CMC- and naive CMC-treated hearts exhibited an approxi-
mate 31-35% increase in myocyte cross-sectional area rela-
tive to vehicle-treated hearts within infarct regions—signify-
ing that CMC treatment may indirectly augment endogenous
myocyte biology. Although the physiologic significance of
this finding on cardiac function is not known, we postulate
that secreted factors from transplanted CMCs may, in addi-
tion to limiting myocardial fibrosis, also promote physio-
logic myocyte growth and/or augment myocyte contractility.
In support of this hypothesis, recent studies provide evidence
suggesting that mesenchymal cell-derived exosomes contain
microRNAs (miRNAs) that function in a paracrine fashion
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to boost the expression of myocyte calcium handling genes
and increase cardiac tissue contractility [19, 20]—a poten-
tially important feature of donor cells that is likely to exhibit
cell lineage dependency [3, 13, 22].

In the current study we postulate that cardiomyogenic
lineage commitment is an important predictor of CMC
therapeutic efficacy and, further, that lineage commitment-
dependent adaptation in paracrine signaling likely underlies
their enhanced cardiac reparative capacity in vivo. Consist-
ent with this premise, preliminary analyses of conditioned
medium (CM) harvested from entinostat- and DMSO-treated
CMCs reveal marked alterations in cytokine secretion pat-
terns (Suppl. Fig. la, b). Specifically, entinostat-treated
CMCs show augmented expression of soluble factors impli-
cated to function in pathways that regulate extracellular
matrix remodeling, collagen catabolism, and inflammation
(Suppl. Fig. 1¢). Thus, one may postulate that the enhanced
expression of such factors may contribute to the improved
antifibrogenic activities of entinostat CMCs in vivo. With
this in mind, it is important to note that this particular study
has a number of limitations and thus, the data should be
interpreted with caution. Although HDAC inhibition does
appear to enhance CMC cardiac reparative capacity, whether
this is exclusively the result of enhancements in CMC car-
diomyogenic lineage commitment cannot be deduced with
these experiments alone, as there exists an array of other
known and unidentified substrates (both histones and non-
histone proteins) that are subject to HDAC activity—making
it difficult to decipher the precise mechanisms responsible
for this effect. In addition, potential off-target effects elicited
by entinostat exposure also preclude the identification of
exact underlying mechanisms contributing to the improved
therapeutic performance of CMCs in vivo. To this end, cur-
rent studies are in progress in our lab that employ genetic
modification (e.g., ectopic expression of cardiogenic tran-
scription factors) to promote CMC cardiomyogenic line-
age commitment—obviating HDACi-induced widespread
alterations in chromatin structure and potential off-target
drug effects.

In summary, our study demonstrates that entinostat-
treated CMCs are epigenetically primed for cardiomyogenic-
like differentiation and, further, that these cells are thera-
peutically more efficacious than naive CMCs in a model of
chronic ischemic cardiomyopathy. Histopathological evalu-
ation suggests that the salutary effects of entinostat CMC
treatment cannot be attributed to enhanced cardiomyogen-
esis or vasculogenesis, but potentially to a combination of
factors involving attenuation of ongoing myocardial collagen
deposition and alterations in cardiomyocyte biology. In light
of the fact that we observed only diminutive rates of CMC
retention after infusion with either naive or entinostat-treated
CMCs, paracrine actions must comprise the core substance
of the afforded benefits. Inhibitors of HDACT activity have
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proven effective in augmenting CMC cytokine secretion pat-
terns and paracrine signaling activities in vitro [22]; thus, the
improvement in reparative capacity of CMCs with entinostat
exposure is likely related to elevated paracrine signaling
potency, due to enhanced secretion and/or alternative expres-
sion of cardiotrophic factors. Taken together, these results
implicate HDACI1 as both a modulator of CMC cell fate
decisions and paracrine signaling activities and, importantly,
support the use of class 1 isoform-selective HDAC inhibitors
to enhance the therapeutic efficacy of CMCs in cell therapy-
based applications. While our study indicates the pre-treat-
ment of CMCs with an isoform-selective HDAC inhibitor
to afford a reparative advantage to cells transplanted in a
model of ischemic cardiomyopathy, it is noteworthy to men-
tion that other studies have shown parenteral administration
of pan-HDAC inhibitors alone to mitigate cell death and
prevent detrimental ventricular remodeling in rodent [5, 15,
46, 47], as well as lagomorph [42] models of myocardial
infarction; however, to our knowledge, comparative stud-
ies directly comparing the therapeutic efficacy of systemic
HDAC: administration to cell therapy HDAC:i pre-treatment
approaches in preclinical models of heart failure have yet
to be performed. It is clear, however, that cellular HDACi-
pretreatment approaches would likely curtail the many non-
specific toxicities [34] associated with systemic HDACi
administration in vivo.
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