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Uncoupled Endothelial/Cardiomyocyte
Patterns of Dysfunctionality in Clinical
Heart Failure
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Abstract. Essential coupling and uncoupling of ventricular cardiac contractility in terms of
the realized interaction of right with left ventricular function would implicate cyclical action
and reaction patterns of development of heart muscle physiology and pathophysiology. In
terms beyond simple enumeration of interacting parameters, there evolves an individual
cardiomyocyte inter‐relationship with supplying endothelial cell bed comprising endocardial
sensor mechanisms and a centralized pulmonary vascular endothelium. It is in view of
realized consequence to such cyclical contractility of integral muscle mass of individual
ventricles that the development and refashioning of heart physiology encompasses further
evolutionary patterning based on remodelling of action and reaction phenomena. In final
analysis, the restructuring of both functional and morphologic phenotypes of ventricular
muscle mass implicates a progression of ischemic events based on parametric derivation of
essential blood‐heart barrier functionality or dysfunctionality.
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1. Introduction

3. Endothelial cells

It is in terms of a complex interactivity of
endothelial cells with individual cardiomyocytes
that there evolves a schematic representation of
dynamic forces conducive towards maintenance
and sustained reproducibility of the cardiac
rhythmic contractility. Either right or left
ventricular compact muscle mass operatively
induces an aggregate signalling phenomenon in
further participation of onset and progression of
cardiac muscle action. NADPH oxidase
generates reactive oxygen radicals. Adenosine is
important in inducing normal myocardial
function (Ribe’ et al., 2008). One might view the
rhythmicity of ventricular function as only one
aspect of a continuous spectrum of action of
activated or dysfunctional endothelium affecting
the endocardium or coronary arterial system.

Endothelial cells span a represented array of
injuries affecting endocardium, the coronary
endothelium
and
particularly
the
intramyocardial capillary network at the level of
the
individual
cardiomyocyte.
Dividing
progenitor
cells
positively
influence
differentiation
to
inhibit
pathological
remodelling of cardiac myocardium (Di Meglio
et al., 2007).
Simple projection of the interactivities
implicated in clinical ventricular dysfunction
equates with a distancing of the cardiomyocyte
cell mass from endocardium and vascular
endothelium. There evolves a particularly
sensitive interaction between constitutive and
represented pathways borne out by the fully
expressed interventions of ischemia and
reperfusion injuries as distinct events in their
own
right.
Ischemic
preconditioning
significantly reduces DNA fragmentation and
apoptotic myocyte death after ischemia‐
reperfusion injury (Iliodromitis et al., 2007).
One particular level of complexity of the
injury to the cardiomyocytes revolves around
concepts of preserved viability of the target cells.
Myocardial infarcts heal by scar formation rather
than by cardiomyocyte regeneration (Robey and
Murry, 2008). Spasm of coronary arterial medial
muscle constitutes a central operative field of
activity that is integrally reflected in the
development of both sensor dysfunctionality of
the endocardial endothelium and the ongoing
progression of the chronic heart failure and
ischemia
to
cardiomyocytes.
Adult
cardiomyocytes appear capable of proliferation
in response to myocardial injury as seen after left
ventricular cryoinjury in mice (van Amerongen
et al., 2008).
Integral organ dysfunctionality represents a
constitutional disarray of injuries that overlaps
in terms particularly of potentially compensatory
mechanisms in response to the injury to
cardiomyocytes.

2. Global dysfunctionality
Particularly significant is an overall global
dysfunctionality of the cardiac contractility in
terms of onset and progression of endothelial
pathology. There evolves a full participation of
the injurious event as evidenced by ischemic
injury to the left ventricle. Overexpression by
endothelium
of
cysteinyl
leukotrienes
exacerbates myocardial ischemic/reperfusion
injury by increasing endothelial permeability
and increasing inflammatory gene expression
(Jiang et al., 2008). The relative protection of the
right ventricle to ischemic injury appears largely
a derived functionality of the enhanced sensor
role of right ventricular endocardium.
Individual dysfunctionality of injured cells
promotes an overall progression linked
primarily to heart failure or myocardial
infarction, with enhanced left ventricular
remodelling, peri‐infarct apoptosis and impaired
function. Interactivity is prone to amplify injury
to the individual cardiomyocyte in terms of
progression of the represented ultrastructural
lesions at the level of the endothelium.
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4. Cardiac organ systems
It is in terms of the further redefinition of the
injury as shown by the increased apoptotic rate
or necrosis of individual cardiomyocytes that
there develop novel expressions of cardiac organ
dysfunctionality.
An
imbalance
of
the
compensatory mechanisms allows for the
emergence of a form of injury dependent largely
on defined parameters of dynamic interactivity
between endothelium and cardiac muscle mass.
Endothelial progenitor cell transplantation
induces higher capillary density, greater
proliferation rate of cardiomyocytes, a lower
myocyte apoptosis and reduced infarct size (Cho
et al., 2007)
The direct control of the injury as reactivity
of endothelium towards finalized or end‐stage
pathology reflects an evolving form of
progressiveness of the failing heart. Dysfunction
of myocardial contractility may improve
subsequent to progenitor cell transplantation in
the left ventricle (Pelachio et al., 2007). One might
further re‐define the basic dynamics of the injury
at the level of the individual cardiomyocyte in
terms of how injury can and does further
transform remodelling attempts as compensated
functionality of the ventricles.
Dysfunctionality of right and left ventricles
is only an expressed end‐point in reconstituted
representation of the injury to the endothelium
in the first instance.
One might view the manifestations of injury
as clinical states of dysfunctionality in terms of
decompensated recoverability of the individual
cardiomyocyte. There evolves an injury that is
further redefined as progressive transformation
of morphologic phenotype and as gene
expression profiles. Insulin suppresses free fatty
acid, a lower vascular endothelial growth factor
and matrix metalloproteinase with potential
benefit to myocardium (Chaudhuri et al., 2007).
Endothelial cells, vascular smooth myofibers
and cardiomyocytes express functional pattern‐
recognition receptors that sense pathogen‐
associated
molecular
patterns
as
in
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atherosclerosis and sepsis (Mitchell et al., 2007)
5. Nitric oxide action
Nitric oxide synthase appears one
constitutive parameter in determining the
viability
mechanisms
in
cardiomyocyte
functionality
or
dysfunctionality.
Insulin
simultaneously activates both Akt and c‐Jun
NH2‐terminal kinase; the latter further increases
the phosphorylation of Akt, which minimizes
myocardial ischemia/reperfusion injury (Liu et
al., 2007).
The endocardial endothelial cells are a
source of significant amounts of produced nitric
oxide in terms especially of the targeting of
cardiomyocytes by injurious agents at a capillary
level.
The small contribution of inducible nitric
oxide is particularly significant as represented
failure of compensatory events controlling
cardiac muscle growth, rhythmicity and overall
global dysfunctionality.
The multiple interactivities of the various
cell‐signaling pathways in determining the form
of an injury to the individual cardiomyocyte
represent a variant re‐expression of possible
compensatory events as projected by progression
of clinical heart failure. A transplanted heart
undergoes fibrous atrophy together with
apparent compensatory hypertrophy of the
cardiomyocytes (Nozynski et al., 2007). The
invariably progressive nature of the failing heart
constitutes a modelled pathway of injury both at
the level of the individual cardiomyocyte and
endothelial cell.
Cyclic mechanical strain induced by
rhythmic contractions of myocardial fibers
appears to promote cardiomyogenesis of
embryonic stem cells and upregulation of
cardiac gene expression (Gwak et al., 2008).
The distinctive characterization of the
endothelial cells constituting a spectrum of
organ components of the heart spans aspects of
hemodynamic stress and oxidative injury as
further complied by reactivity of the
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dysfunctional or activated endothelial cell in
endocardium,
coronary
vasculature
and
intramyocardial capillary network.

involved in compensatory or detrimental
remodelling of myocardial muscle subsequent to
hemodynamic overload or infarction and
angiogenesis (McDermott and Bell, 2007).

6. Specific targeting
7. Communicability
Specificities of targeting modalities in
remodelling of heart muscle mass arise from
distinctive dysfunctionalities of the blood‐heart
barrier. Represented injury of aggregates of
cardiomyocytes
further
involves
a
transformation of repertoires of patterned
reactivity of the endothelium. The concept of the
pulmonary vascular endothelium as a central
cellular mechanism specifically targeting the
individual cardiomyocyte allows for redefinition
of the various modes of possible activation of
endothelial
cells.
Bone
marrow‐derived
progenitor cells contribute to endothelial
homeostasis, repair and angiogenesis. Cardiac
pressure overload upregulates endothelial and
myocardial progenitor cells (Muller et al., 2008).
A ratio of endothelial‐cardiomyocyte
interaction promotes the progressiveness of an
injury that is primarily sensed at the endocardial
level.
The
surprisingly
high
endocardial‐
cardiomyocyte cell ratio at the level of the right
ventricle distinguishes dynamics of progression
of potential injury also in the left ventricle. One
might further recognize injury beyond the
simple representation of onset dynamics of
ischemia
or
of
heart
failure.
Matrix
metalloproteinase 2 may play roles at
intracellular and extracellular sites in cardiac
ischemia/reperfusion injury. Caveolins are lipid
raft proteins involved in cell signalling (Cho et
al., 2007).
Barrier dynamics in hemodynamic flow of
the injured state constitute an array of possible
transformations of either/or viability status. An
activated endothelial state is particularly
suggestive of vulnerability in onset progression
to a wide spectrum of injuries ranging in terms
of a potentiality of functional and morphological
change at the cellular level. Neuropeptide Y is

Adhesion molecules and gap‐junctional
communications allow for further reconstructive
pathways in compensation and potential
recoverability of the individual cardiomyocyte
beyond the simple characterization of the
ventricular muscle mass.
There evolves an injury that schematically
allows for representation not only at the cellular
level but particularly at the interactive stage of
the organ components of the failing heart.
During cardiac development, the epicardium
gives rise to endothelial and vascular smooth
myofibers and also possibly cardiomyocytes
(Limana et al., 2007).
Cardiac function, and also cardiac
dysfunctionality in heart failure, constitute
derived parameters of the intrinsic rhythmicity
of cardiac contraction. Fibroblast growth factor‐2
regulates contractile function of the myocardium
during infarct repair (Virag et al., 2007). It is
beyond characterization of an injury that recurs
with each cardiac contraction that there would
be determined progression of the clinical heart
failure. Conditioning of the injury allows for a
further specified injury that is superimposed on
basic dysfunctionality of the endothelium lining
the endocardium and the vasculature supplying
the ventricular muscle mass. Circulating
endothelial progenitor cells can differentiate to
express a cardiomyocyte phenotype, induced by
notch signalling (Koyanagi et al., 2007). The
compact nature of cardiomyocyte mass helps
reconstitute events as further shown by the
interactivity between different compensated
forms of injury.
Severity of injury specifically allows
modulation of the initial transformation in
clinical cardiac dysfunctional states. Endothelial
mitochondria may sense levels of oxygen in the
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blood and relay to cardiac myocytes to modulate
also vasodilatory response mediated by
endothelial nitric oxide (Davidson and Duchen,
2007).
Only in terms of how an injury develops are
there evolving pathways of compromised
recovery as seen particularly after a myocardial
ischemic event. The heart is composed of
diverse cell lineages arising apparently from a
progenitor cell with vascular cardiomyocyte
potential (Kattman et al., 2007).

8. Dynamics of overlap
Simple dynamics of overlap of a series of
injuries at the level of the individual
cardiomyocyte relate particularly to transition
states spanning the activated endothelial cell, on
the one hand, and the dysfunctional
endothelium, on the other. Macrophage colony
stimulating factor induces vascular endothelial
growth factor production and viability of
cardiomyocytes (Okazaki et al., 2007).
Contractility of the injured cardiomyocyte
muscle mass of the left ventricle determines
modes of progression as transformed dynamics
of interchange between endothelium and various
injurious events ranging from oxidative stress to
ischemia and reperfusion.
There develops an individualized form of
injury to cardiomyocytes that is invariably
reflected in the progression of an injury
primarily and constitutively patterned on the
rhythmic contractility of the individual
ventricles. Cardiac regeneration may result from
vascular differentiation of stem cells or even
from stem cell‐mediated reverse remodelling
(Guan and Hasenfuss, 2007).
The central sensor functionality of the
pulmonary vascular endothelium allows for the
development of redefined pathways as
signalling and targeting events in constitutive
injury to the ventricular muscle mass.
Also, it is in view of the vast array of
endothelial cell component pathways that there
develops a sensitive responsiveness to injury on
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the part of the individual cardiomyocyte.
Systemic participation of the injury is linked
particularly to the neural mechanisms and to
cell‐to‐cell communicability at the level of gap‐
junctions
between
endothelial
cells
or
cardiomyocytes. Such a homeostatic model for
the myocardium implicates various cell
populations including in particular cardiac
fibroblasts during development (Banerjee et al.,
2007).
Membrane interdigitations of the individual
endothelial cells allow for a sensor functionality
that further progresses as dysfunctionality of the
activated endothelium.

9. Modelled injury
There evolves a modelled form of injury that
spans new dynamic states of interchange
between individual cardiomyocytes and as
further characterized by hemodynamic stress
and oxidative states of reperfusion.
One allows for the development of an injury that
redefines limits of capability in terms of how an
individualized target self‐determines autocrine
and
paracrine
functionality
between
endothelium and cardiomyocyte muscle mass of
either the right or left ventricle.
The distinctiveness of the right ventricle as
contrasted with the left ventricle underlines the
uniqueness of the contractile state of either
ventricle both in terms of delay in onset of the
contraction and also as a spreading phenomenon
of cardiac contraction.
Only insofar as there evolve whole
schematic pathways of possible injury does the
ventricular muscle mass incorporate possible
extension of the modulated injury to the
endothelium.
A primary consideration of the vascular bed
endothelium accounts for evolving states of
ischemia of the left ventricular muscle mass that
implicate dominant forms of infarction
progressing subsequently as possible heart
failure.
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10. Reactive identity

Identity of the reactive nature of the
dysfunctional endothelial cell is suggestive of
forms of transformation and of the basic
expression of genes that allow for progression of
the injured state of the targeted cardiomyocytes.
Interactivity is a mode of transferred
transformation that highlights injury beyond
simple dynamics of prior defined pathways of
cell signalling. Ontogenic hierarchies in
development of the heart muscle and related
endothelium are simple superimpositions of the
characterized potential responsiveness to injury
at the individual cell level, whether represented
by the endothelial cell or the cardiomyocyte.
Ratios of interchange between endothelium
and myofibers indicate a realized representation
of injury beyond dynamics of simple
transformation steps. Only a subset of
endothelial genes is induced in cultured
cardiomyocytes (Walikson et al., 2007).
The dysfunctional endothelium constitutes
an ill‐defined group of pathologic phenotype
representations that allows for progression of the
injury affecting vessels, endocardium and
ventricular muscle mass.
The Purkinje cells present immediately
subendocardially would constitute a valid model
in inter‐communicability between vascular and
endocardial endothelium with cardiomyocytes.

promotes further realization of a complex
coupling of rhythmic contractility with
subsequent diastolic filling of both ventricles.
Endothelial pairing and coupled cardiomyocyte
interaction permit further progression of injury
beyond simple enumeration of the contraction
phases of either ventricle in established cardiac
action.
INTEGRAL CARDIAC FUNCTIONALITY
Integral cardiac functionality subsequently
develops as a strictly derived parameter in the
cooperative evolution of contraction of either
ventricle in further evolution of diastolic
relaxation and receptive filling of the right
ventricle.
Repetitive action and reaction promote
further contractility as cyclical evolution in
maintaining viability of the individual
cardiomyocyte. Cardiac ischemic cell death
appears a regulated event (Iwase et al., 2007).
One can recognize a developmental reactivity as
coupled
endothelial‐cardiomyocyte
action
beyond the simple realization of the contraction
cycle affecting the integral cardiac muscle mass.
Extracellular matrix proteins such as laminins
and endothelial cells affect cardiomyocyte action
but the underlying mechanisms are largely not
known (Knoll et al., 2007).

12. Complex profile of action and reaction
11. Cardiomyocytes
The myofibers should be viewed integrally
as a ventricular muscle mass component
determining responsiveness to a potentially
wide variety of injuries ranging in terms
particularly of the degree of oxygenation at the
individual
cellular
level.
Noncellular
differentiation effects also mediate beneficial
effects of transplanted stem cells (Cho et al.,
2007).
The evolutionary course of right ventricular
sensor mechanisms within the context of a
centrality for pulmonary vascular endothelium

Difficulty in the delineation of a complex
profile of action and reaction is manifested as
onset dynamics of contraction of the integral
ventricular muscle mass. The relativity of such
action and reaction is primarily a function of the
inter‐relationship between the right and left
ventricles as largely interdependent actions of
the heart muscle mass.

13. Evolutionary implications
Full evolutionary implications of cardiac
action allied to viability issues of individualized
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ventricular contractility develop largely as
realized manifestations of ischemic injury in
conjunction with such parameters as essential
coupling of the endothelial cell with the
individual cardiomyocyte. The blood‐heart
barrier attests to the subsequent emergence of
such coupling as dynamic interchange of the
endocardial sensing and the pulmonary vascular
receptivity of blood from the right ventricle.
Integral representation of cardiac muscle
contractility is representative of a delay in action
of the injurious agent in terms encompassing
simulated or real effective consequence to
ventricular ischemia.
Centrality of the pulmonary vascular
endothelium is a derived phenomenon in the
subsequent coordination of action of the blood‐
heart barrier insofar as the ischemic episodes
affecting left ventricular muscle are rhythmically
inter‐related.
Relaxation and contraction of the individual
cardiomyocyte further contribute to the
remodelling of the ventricular muscle mass that
is continually developed and refashioned in
terms of the endothelial cell‐bed perfusing the
cardiac muscle.

14. Concluding remarks
Ischemic episodes affecting the myocardial
muscle mass arise in strict parametric
relationship to the evolving remodelling of
action and reaction patterns of rhythmic
contractility cycles. The evolution of the basic
interactions of individual cardiomyocytes with
endothelial cells comprises an integral
dependence of a sensor endocardial functionality
on
coronary
endothelial
cells
and
intramyocardial capillary networks. It is highly
significant that basic premises governing the
interaction of blood supply with cardiomyocyte
contractility cycling further evolve in terms of
how central pulmonary endothelium controls
tissue reactive patterns and endothelial‐
cardiomyocyte coupling.
In terms beyond delineation of right and left
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ventricular dysfunction or of ischemic episodes
affecting cardiac contractility, there would
develop a simplified, schematic representation of
the injurious events as onset and progression
dynamics of modelling and remodelling of
blood‐heart barrier function or dysfunction.
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