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Endothelial function and dysfunction: clinical significance and assessment

Shaghayegh Haghjooyejavanmard®, Mehdi Nematbakhsh**

Abstract

Over the past two decades, investigators have increasingly recognized the importance of the endothelium as a central
regulator of vascular and body homeostasis. The endothelial lining represents an organ of 1.5 kg in an adult, which is
distributed throughout the body. The endothelium is versatile and multifunctional. In addition to its role as a selective
permeability barrier, it has many synthetic and metabolic properties, including modulation of vascular tone and blood
flow, regulation of immune and inflammatory responses, and regulation of coagulation, fibrinolysis and thrombosis.
Endothelial dysfunction (ED) is a frequently used term, which can be referred to abnormalities in various physiological
functions of the endothelium, and it is known as a key variable in the pathogenesis of several diseases and their compli-
cations. Finding suitable markers for endothelial damage or ED is certainly of interest. Established and emerging tech-
niques to detect ED are divided into three large families of functional, cellular, and biochemical markers. Instead of
performing single assessments, it may be much more valuable to determine various biological aspects of endothelium. It
seems that there is likely a spectrum between normality, endothelial activation (by inflammatory cytokines), endothelial
dysfunction (e.g., impairment of nitric oxide, resulting in loss of regulation of vascular tone) and endothelial damage
(e.g., atherosclerosis). In this review we review the importance of endothelium and its activation, biomarkers and dys-

function.
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Computer search of international da-

tabase of Pub Med shows that since

1980, the number of entries containing
the term "endothelial dysfunction" (ED) as a
keyword has been exponentially increased.
The modern usage of the term is related to the
Ludmer and co-workers observation that re-
ported the acetylcholine-induced vasorelaxa-
tion is impaired, even reversed, in atheroscle-
rotic coronary arteries.! It also has reported a
similar angiographic pattern after coronary
injection of acetylcholine in recipients of car-
diac transplants.2 They assumed that the "im-
paired response to acetylcholine is a common
early finding in heart transplant patients and
emphasizes the potential importance of ED in
the development of atherosclerosis." A mass of
studies by other investigators has confirmed
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these observations.>¢ The last 27 years have
established that the wvascular endothelium,
rather than being a mere barrier between in-
travascular and interstitial compartments, is a
widely spread organ with various important
functions responsible for vascular homeosta-
sis.715 It is well known that the inner lining of
all blood vessels consists of a monolayer of
flattened, orthogonal cells referred to as the
endothelium, positioned on the internal elastic
lamina. These cells function as a protective bio-
compatible barrier between all tissues and the
circulating blood. The endothelial cells (ECs)
also function as a selective sieve to facilitate
bidirectional passage of macromolecules and
blood gases to and from tissues and blood. The
strategic location of the endothelium allows it
to be sensitive to changes in hemodynamic
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forces, blood-borne signals, and underlying Disease Selected references
tlssue'51gnals. It responfis to these chapges by Seleroderma 62-63
releasing several autocrine and paracrine sub-
stances. A balanced release of these bioactive lupus erythematosus 64-66
factors facilitates vascular homeostasis.”® Ac- Antiphospholipid syndrome 66-67
cording to these broad ranges of function and Endocrinology
bo-dy-w1d.e dlstrlbuuor}, the endothe?hum con- Diabetes 68-71
tributes importantly in homeostatic mecha-
nisms throughout the body. In the past few Haematology-oncology
years, researchers could attribute few diseases Cancer 72-73
to the endothelium. Today, the list of disease SSD 74-77
states wi? endothelial finvoiverﬁent eleither as a Thalassemia 78-79
i t i t t i . . .
prf,m.ary eterminant ot pathop ,?'5.10 08y or as Myeloproliferative diseases 80-81
a “victim of collateral damage” is extended
(table 1). Bone marrow transplantation 82-83
o , TTP/HUS 84-85
Table 1. Endothelial involvement in human i
diseases. Coagulation 86-87
Disease Selected references Nephrology
Neurology Acute renal failure 88-89
Stroke 16-18 Chronic renal failure 90-91
Multiple sclerosis 19,20 Infectious disease
Alzheimer 21,22 Infection 92-94
Cardiovascular disease Sepsis 95-97
Atherosclerosis 23-26 Other
Myocardial infarction 27-29 Pre-eclampsia 98-100
Congestive heart failure 30-32 Polycystic ovary syndrome 100-102
Peripheral arterial disease 33-34 Periodontitis 103-104
Pulmonary Disease SSD: sickle cell disease; TTP: thrombotic thrombocy-
topenic purpura; HUS: hemolytic uremic syndrome;
Asthma 35-36 COPD: chronic obstructive pulmonary disease; ARDS:
COPD 37-38 acute respiratory distress syndrome.
Pulmonary hypertension 39-41
ARDS 41-43 1. Cell activation and endothelial cell
sl 1446 dysfunction
eep apnea - Many terms have been used to explain the en-
Gastroenterology dothelium in disease, including activation,
Peptic ulcer disease 47-49 dysfunction, damage, injury, necrosis, de-
Inflammatory bowel disease 50-51 rangement, and denudation. Of these descrip-
. . tors, EC activation and EC dysfunction are
Fatty liver disease 52-53 .
N perhaps the most commonly used and mis-
Hepatitis 54-55 used. A change in the constitutive phenotype
Cirrhosis 56-57 of the endothelium to an “activated” phenotype
Pancreatitis 58-59 can be induced by physiological levels of in-
flammatory cytokines, and this is reversible.
Rheumatology Y . .
] N EC activation, driven by inflammatory cyto-
Rheumatoid arthritis 60-61 kines, is characterized by the increased or de
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novo expression of leukocyte adhesion mole-
cules, a change in phenotype from antithrom-
botic to prothrombotic states, cytokine and
growth factor production, and upregulation of
HLA (human leukocyte antigen) molecules.”105
Upregulation of leukocyte adhesion molecules
such as E-selectin, P-selectin, intercellular ad-
hesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1) allows leuko-
cytes to adhere to the endothelium and then,
move into the tissues.1%-109 The prothrombotic
effects of EC activation include loss of the sur-
face anticoagulant molecules (thrombo-
modulin and heparin sulphate), reduced fibri-
nolytic potential, loss of platelet anti-
aggregatory effects of ecto-adenosine diphos-
phatase and prostacyclin, and the production
of platelet-activating factor.105109 Furthermore,
following endothelial activation, syntheses of
cytokines, such as interleukin-6 (IL-6), inter-
leukin-8 (IL-8) and monocyte chemo-attraction
protein-1 (MCP-1) are activated.” Expression of
class II HLA molecules allows ECs to act as
antigen-presenting cells, permitting cross-talk
with T lymphocytes in antigen clearance.” Ac-
cording to Hunt, there are two stages of EC
activation by inflammatory cytokines.!10 First,
EC “activation type I” requires neither de novo
protein synthesis nor gene upregulation, and
occurs rapidly. Consequent events include the
retraction of ECs (thus exposing the sub-
endothelium) and exocytosis of the Weibel-
Palade body with subsequent surface expres-
sion of P-selectin and release of von Wille-
brand factor (vWF) into the plasma.!!! Second,
EC “activation type II “ requires time for the
stimulating agent (histamine, thrombin, cyto-
kine) to interact with its receptor and thus
cause an effect via gene transcription and pro-
tein synthesis. The genes involved include
those for adhesion molecules, cytokines and
tissue factor.!! Indeed, there are many in-
stances in which endothelial activation is a
welcome reaction, including wound healing,
physiologic angiogenesis, and local defense
against pathogens and foreign bodies.8” It
would be expected that the eventual elimina-
tion of the stimulus to EC activation (e.g., cho-
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lesterol lowering or the removal of the bacte-
rium) leads to a gradual return of the endothe-
lium to its normal, resting state as inflamma-
tory cytokines subside. If this does not occur,
excessive or chronic stimulation of these cells
may lead to other changes that extend beyond
the normal physiological response to insult.
Under these conditions, the endothelium may
fail to behave correctly and frank damage, and
thus dysfunction, may occur.!’! So, chronic ac-
tivation of the endothelium may result in a vi-
cious cycle or ‘dysfunction', which is the fail-
ure of the endothelium to adequately perform
its physiological duties, and may result ulti-
mately in severe pathological changes.111112
Based on the diversity of endothelial functions,
it is logical to expect that the definition of the
syndrome of "ED" should be broad enough to
encompass disturbances in the barrier function
of the vascular endothelium, perturbation of
synthetic functions, impairment of antithrom-
bogenic properties, perturbation of angiogenic
competence, inappropriate regulation of vascu-
lar smooth muscle tonicity, proliferative capac-
ity, and migratory properties, and deterrence

of neutrophils and monocytes from diapede-
sis.1415

2. Endothelial function and dysfunction: test-
ing and clinical application

Despite pivotal role of endothelium in a wide
variety of disease states, endothelium remains
overlooked in clinical practice. 87 Since ED pre-
cedes the development of clinical manifesta-
tions of several diseases (table 1), ED assess-
ment has potentially diagnostic and prognostic
significances. For example, identification of ED
may help targeting asymptomatic individuals
who are at risk for cardiovascular diseases and
would likely benefit from preventive meas-
ures. Furthermore, it has recently been demon-
strated that ED may be reversible. This is an
attractive possibility; if such strategies could be
implemented early in the disease process, it
might be possible to prevent or retard the dis-
ease. Even in advanced disease, modification
of ED might decrease the progression of the
disease or modify disease complications. The
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endothelium has emerged as the key regulator
of vascular homeostasis, which acts as an ac-
tive signal transducer for circulating stimuli
that modify the vessel wall phenotype in
health and disease. 715 Appreciation of the cen-
tral role of the endothelium throughout the
wide variety of disease processes has led to
extensive inquiries about the proper methods
to test different aspects of its functions. Hence,
developing novel tools for interrogating the
endothelium is an important goal in vascular
biology. These attempts have provided not
only novel insights into pathophysiology, but
also a clinical opportunity to detect the dis-
eases from the early stages, and reduce later
adverse events in patients. Established and
emerging techniques to detect ED are divided
into three large families: functional and struc-
tural markers of EC dysfunction, cellular
markers of ED, and surrogate markers of EC
dysfunction.

2.1. Functional diagnosis of EC dysfunction

This category includes tests of endothelium-
dependent vasorelaxation, arterial stiffness
and pulse wave propagation. Endothelial-
dependent vasomotion has been the most
common used clinical assessment of endothe-
lial function. These tests investigate pharma-
cological and/or physiological stimulation of
endothelial release of nitric oxide (NO) and
other vasoactive compounds, and often a com-
parison of vascular responses to endothelium-
independent dilators such as nitroglycerine.
Initial studies were carried out in the coronary
circulation, with measurement of the change in
vessel diameter by quantitative coronary an-
giography.!2 Subsequently, this method has
been refined with the use of flow-mediated
vasodilatation (FMD). This method uses high-
resolution ultrasound equipment to measure
post-occlusive increase in the diameter and
flow of brachial or radial arteries, reflective of
the shear stress-stimulated production of
NO.1> Briefly, a sphygmomanometer cuff
placed on the forearm distal to the brachial ar-
tery is inflated to 200 mmHg and subse-
quently, released 4 to 5 minutes later. FMD oc-
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curs predominantly as a result of local endo-
thelial release of NO.1* The abnormality of
FMD reports ED, which serves as a preclinical
marker and may have prognostic value.115116
FMD tests reflect in part the synthesis and
bioavailability of NO. There is emerging tech-
nology for direct measurement of NO using
electrochemical sensors, which have recently
been miniaturized to submicron diameter
size.17.118 These probes can be inserted into
catheters for in-vivo measurements. The meas-
urement of aortic stiffness is accomplished by
noninvasively testing arterial-wall motion,
pulse-wave contour or most frequently, pulse-
wave velocity (PWV), which is a technologi-
cally advanced version of pulse pressure
measurement.!5116 The PWV is a function of
the elasticity of the vessel wall, its thickness
and density, and thus in essence reports on the
structure-functional properties of a vessel. Ca-
rotid intima-media thickness as determined
using high-resolution ultrasound represents
the index of atherosclerotic structural remodel-
ing of the blood vessel. It is especially informa-
tive when measurements are performed in ca-
rotid bifurcation and internal carotid artery.115
Coronary calcification is detected using a vari-
ety of techniques, including plain X-rays, two-
dimensional echocardiography, electron beam
computed tomography and spiral computed
tomography. Coronary calcification reports the
structural vascular abnormality associated
with atherogenesis.’® Ankle-brachial index
(ABI), a ratio of systolic blood pressure in the
legs and brachial arteries, as detected using a
Doppler sensor, is another non-invasive means
to screen patients for peripheral arterial dis-
ease.l0115 Recent work has demonstrated that
ABI correlated with the level of serum markers
of inflammation such as C-reactive protein
(CRP). In a prospective study, abnormality of
both parameters (ABI and CRP) was associated
with a fourfold increased risk for myocardial
infarction, stroke or death.116

2.2. Cellular marker of ED
The notion that endothelial function reflects
the net balance between injury and repair has
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led to the development of assays to quantify
the detachment of mature Ecs, circulating ECs
(CECs) and circulating endothelial progenitor
cells (EPCs). Determination of the number of
CECs reflects the endothelial injury and de-
termining the number and functional charac-
teristics of EPCs reflect the endogenous repair
potential. The number of both CEC and EPC
can be measured in the circulation by flowcy-
tometry and/or combination of magnetic bead
selection and fluorescent microscopy.!® Ma-
ture CECs can be distinguished from circulat-
ing EPCs by virtue of their sizes and the ex-
pression of surface markers.120 The increased
levels of CECs in several diseases associated
with ED and vascular inflammation suggest a
direct relationship between the number of
these cells in the peripheral circulation and the
extent of endothelial injury.120123 Endothelial
microparticles are vesicles formed by the cell
membrane after endothelial activation, and
their composition can be used to characterize
the status of the parent EC. Elevated circulat-
ing microparticles have been seen in a variety
of conditions associated with endothelial acti-
vation or apoptosis.’2#126 It has been shown
that increased number of apoptotic endothelial
microparticles correlated with the severity of
coronary ED.124+126 A separate entity is repre-
sented by the EPCs. The circulating EPCs can
be characterized by the coexpression of a he-
matopoietic progenitor cell surface markers
such as CD 34, which is an EC surface marker
detectable by flowcytometry.1?” Further meth-
ods to characterize EPC functions include
quantification of the potential to differentiate
into an EC phenotype, migration, adhesion,
formation of vascular tubules, and the ability
to attenuate ischemia in animal models.127-12 Jt
has been demonstrated that cardiovascular
diseases (CVD) risk factors, ED and aging re-
duce the number of EPCs, and impair their
functions.130131 Thus, measurement of CECs
and circulating EPC levels provides a novel
and exciting means to follow the determinants
of endothelial injury and repair. The balance of
these two cell populations has already been
linked to other in vivo measures of endothelial
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function, and has been shown to be associated
with future cardiovascular events.132-134

2.3. Circulating biomarkers of EC dysfunction
A broader appreciation of the numerous func-
tions of the endothelium can be obtained by
study of the levels of molecules of endothelial
origin in circulating blood. When the endothe-
lium is activated, the direct products of ECs
such as NO metabolites, inflammatory cyto-
kines, adhesion molecules, regulators of
thrombosis, and markers of endothelial dam-
age and repair are existed. In this context, these
measures can provide important information
regarding mechanisms and severity of ED.1%
As a result of biological and assay availability
and variability, these factors currently have
only a very limited routine clinical use.

2.3.1. Circulating NO pool: assessment of ni-
trite, nitrate and nitroso species in ED

NO is one of the endothelial biomarkers which
decreases in condition of ED. Determination of
the NO radical is difficult because of its radical
nature and very short half-life; so measure-
ments of plasma nitrite, nitrate and nitrosy-
lated proteins are increasingly being men-
tioned as markers for determining NO
bioavailability.136-138 Circulating levels of ni-
trites and nitrosylated proteins in part reflect
(not always) endothelial generation of NO, but
they are difficult to measure.!3140 Specifically,
values may be perplexed by other sources of
NO formation and variation in dietary NO.41
Nitrite, has previously been reported to be a
good marker of endothelial NO production.14!
It has been shown that up to 70-90% of plasma
nitrite is derived from eNOS activity in fasted
humans and other mammals.?7141 Other studies
demonstrated that plasma nitrite levels pro-
gressively decrease with increasing cardiovas-
cular risk load.1! Furthermore, NOS-inhibition
in humans, pigs, dogs, and mice led to signifi-
cant decreased plasma nitrite concentration.!42
In contrast to nitrite, it has been demonstrated
that plasma nitrate levels do not change and
thus, do not correlate with FMD —neither at
rest nor during inhibition or stimulation of
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NOS.14 The plasma nitrate level is known to
be influenced by a variety of NOS-independent
factors, including dietary nitrate intake, saliva
formation, bacterial nitrate synthesis within
the bowels, denitrifying liver enzymes, inhala-
tion of atmospheric gaseous nitrogen oxides,
and renal function.142

2.3.2. Inflammation biomarkers in ED

ED is characterized by a shift of the actions of
the endothelium towards a pro-inflammatory
state.144145  Activation of the inflammatory
process after endothelial injury leads to the
production and release of primary pro-
inflammatory cytokines interleukin-13 (IL-1p)
and tumor necrosis factor a (TNFa). These in-
duce activation of endothelial cells with release
of adhesion molecules and chemokines that
lead to local recruitment of circulating inflam-
matory cells. Moreover, IL-1 and TNFa
stimulate the production of secondary cyto-
kines, mainly IL-6, which leads to the activa-
tion of the acute-phase reaction and release of
inflammatory mediators from the liver such as
CRP, amyloid A, and fibrinogen.146147 CVD risk
factors induce upregulation of endothelial ad-
hesion molecules such as VCAM-1, ICAM-1,
selectins (L, E and P), and integrins.4¢ These
molecules are thought to regulate the attach-
ment and transendothelial migration of in-
flammatory cells into the intima (mainly
monocytes and T-lymphocytes). These cells are
directed to the site of the injury by chemo-
attractant factors such as monocyte chemo-
attractant protein-1 (MCP-1).147 Other mole-
cules such as lipoprotein-associated phosphol-
ipase A2 (Lp-PLA), CD40 and CD40 ligand
have been also noticed as inflammation bio-
markers.146-148 Lp-PLA; is secreted by macro-
phages and promotes inflammation via gen-
eration of lysophosphatidyl choline, suppres-
sion of eNOS and upregulation of CD40 ligand
expression in T lymphocytes.1# CD40 is a
membrane protein of the TNF receptor family,
and CDA40 ligand is a member of the TNF fam-
ily, both of which are coexpressed by macro-
phages, T-lymphocytes, platelets, and endothe-
lial and smooth muscle cells in atherosclero-
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sis.}¥7 Inflammatory markers shed into the
bloodstream provide a window into proin-
flammatory state (endothelial anti-
inflammatory dysfunction) in atherosclero-
sis.’47 The relations between ED and inflamma-
tion are bidirectional, thus the markers of in-
flammation have a good chance of reporting
on the severity of ED.14 Among all above-
mentioned markers, CRP has been studied
more than others.149152 Several studies have
shown, in different populations, that modest
elevation of plasma CRP is a strong predictor
of future vascular events.!5s! Elevated plasma
CRP concentrations are also associated with an
increased risk of cardiovascular events and an
increased risk of fatal and nonfatal cardiovas-
cular events in ischemic stroke patients. It has
been reported that the level of CRP signifi-
cantly contributed to the Framingham score in
predicting the risk of coronary events. These
epidemiological and clinical observations sug-
gest that determination of plasma CRP concen-
trations could be used as an adjunct for risk
assessment in primary and secondary preven-
tion of cardiovascular disease and be of prog-
nostic value.149-152

3. Haemostatic abnormalities in ED

The vascular endothelium damage results in
the rapid adhesion and aggregation of platelets
at the site of the injury and in the activation of
the coagulation cascade.’®> The consequences
of a dysfunctional endothelium may include
changes in the ability of the cell to participate
adequately in both coagulation and fibrinoly-
sis, and these may predispose to arterial
thrombosis.’>* The procoagulant consequences
of endothelial activation can be measured as a
change in the balance of tissue plasminogen
activator and its endogenous inhibitor,
PAI-1.1% Among procoagulant products of the
endothelium, vWF is a high molecular weight
glycoprotein, which is released into the circula-
tion by activated ECs. vWTf is synthesized ex-
clusively in ECs and megakaryocytes. vWF
plays a vital role in mediating platelet adhe-
sion to damaged arterial walls.’ When ECs
are injured, vWF is released from endothelial
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Weibel-Palade bodies. vVWF, considered a gold
standard in the measurement of endothelial
damage and dysfunction.’>” Thrombomodulin
is another molecule in this category. It plays a
role as a protein C cofactor and has anticoagu-
lant activity. Thrombomodulin can be released
from injured ECs. The soluble thrombo-
modulin (sTM) has been shown to be a marker
of EC damage.’® Although the data for sTM
are controversial, it is promising in some con-
ditions such as peripheral arterial disease and
in the treatment of risk factors.15

4. Oxidative stress biomarker in ED

Markers of oxidative stress are important con-
tributors to eNOS uncoupling, representing a
frequent pathway to development and pro-
gression of ED.’*¥ In addition to well-known
markers of oxidative stress such as circulating
oxidized low-density lipoprotein (oxLDL) and
8-iso-PGF2alpha, there are some techniques to
measure redox state of albumin as a marker of
oxidative stress.1®0 The ratio of ubiquinone-10
to ubiquinol-10 (oxidized-to-reduced forms of
coenzyme Q10) has been advocated as a sensi-
tive circulating marker of oxidative stress.16!
The level of plasma thioredoxin is another
marker of oxidative stress and showed inde-
pendent association with the presence of
CVD.162 The level of plasma thioredoxin was
elevated in patients with diabetes mellitus and
glucose intolerance, and showed independent
association with the presence of CVD.162

5. Prevention and treatment of ED

Of course, based on present knowledge, there
is no unique procedure to prevent or to treat
ED. The simplest way for the treatment is to
think about administration of the endothelium
products such as NO, L-Arginine as a NO do-
nor, and investigate its effect on the endothe-
lium.3163170 Hormone therapy is another com-
plex suggestion to repair ED or related pa-
rameters.’711176  For purpose of prevention,
searching about the material or the process
that affect ED (or its related parameter) is in-
terest of some researchers.177-182 However, it
seems that the correct prevention and treat-
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ment processes can absolutely achieve when
more and more functional dimensions of endo-
thelium are understood. In order to obtain this
final goal, it is suggested to look the endothe-
lium as a smart multi-vector system in which
all of its vectors are related to each other, and
should be considered together in future re-
searches.

Conclusion

The endothelium occupies a unique and cru-
cial position at the interface of the blood and
the tissues. The endothelium distributes spa-
tially in all tissues of the human body and
therefore, requires the attention of all existing
organ-specific disciplines. Clinical progress in
EC biology will depend on several factors.
First, clinicians should begin to view the endo-
thelium as a distinct organ system— the one
that has pathophysiologic determinants and
diagnostic and therapeutic potentials. Second,
there must be hard efforts to inform physicians
about the endothelium, and train the next gen-
eration to develop and implement new diag-
nostic and therapeutic tools for observing and
tracking the endothelium. The endothelium is
hidden from view and is poorly accessible in
the patient. It is not accessible by inspection,
palpation, percussion or auscultation. Notion
that ED is a diagnostic, preventive, and thera-
peutic target in several diseases finding ap-
propriate endothelial markers is certainly of
interest. Undoubtedly, ED should be investi-
gated in multifaceted approach.1011157 Limiting
the diagnosis of ED to one or two markers may
underrepresent the diversity of endothelial
functions leading to false conclusions. The
situation is like the blind men examining an
elephant and reporting on individual body
parts. Therefore, a reasonable solution is en-
visaged in the optimal selection of multiple
markers characterizing various endothelial
functions. It should be realized that the present
choices of markers of ED are based on the ran-
dom selection of candidates. Since the endo-
thelium has several various functions, there-
fore ED has a variety of meaning. It should be
appreciated that each marker usually touches
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one aspect of endothelial function. However,
cellular markers of ED, i.e., CECs and EPCs,
can be potentially different. They are endothe-
lial system explorers, which can let us know
endothelial “general appearance” and give us
the opportunity to examine endothelial system.
However, the phenotype and functional capac-
ity of these cells need to be further elucidated,
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and their use in a clinical setting is on the hori-
zon. At the present a panel of markers, includ-
ing CECs, vVWF/ E-selectin and IMT ratio may
be optimal to gauge ED. Hopefully, future ef-
forts overpass the “Bench-to-Bedside Gap” in
endothelial researches, and look the endothe-
lium as a multi-potential and multifaceted sys-
tem not as a simple barrier.

References

1.

Ludmer PL, Selwyn AP, Shook TL, Wayne RR, Mudge GH, Alexander RW et al. Paradoxical vasoconstriction
induced by acetylcholine in atherosclerotic coronary arteries. N Engl J Med 1986; 315: 1046-1051.

2. Fish RD, Nabel EG, Selwyn AP, Ludmer PL, Mudge GH, Kirshenbaum JM et al. Responses of coronary arteries
of cardiac transplant patients to acetylcholine. J Clin Invest 1988; 81: 21-31.

3. Drexler H, Zeiher AM, Meinzer K, Just H. Correction of endothelial dysfunction in coronary microcirculation
of hypercholesterolaemic patients by L-arginine. Lancet 1991; 338: 1546-1550.

4. Quyyumi AA, Dakak N, Andrews NP, Husain S, Arora S, Gilligan DM ef al. Nitric oxide activity in the human
coronary circulation. Impact of risk factors for coronary atherosclerosis. J Clin Invest 1995; 95: 1747-1755.

5. Reddy KG, Nair RN, Sheehan HM, Hodgson JM. Evidence that selective endothelial dysfunction may occur in
the absence of angiographic or ultrasound atherosclerosis in patients with risk factors for atherosclerosis. J
Am Coll Cardiol 1994; 23: 833-843.

6. Zeiher AM, Drexler H, Wollschlager H, Just H. Modulation of coronary vasomotor tone in humans. Progressive
endothelial dysfunction with different early stages of coronary atherosclerosis. Circulation 1991; 83: 391-401.

7. Cines DB, Pollak ES, Buck CA, Loscalzo J, Zimmerman GA, McEver RP et al. Endothelial cells in physiology
and in the pathophysiology of vascular disorders. Blood 1998; 91: 3527-3561.

8. Pober JS, Min W. Endothelial cell dysfunction, injury and death. Handb Exp Pharmacol 2006; 135-156.

9. Deanfield JE, Halcox JP, Rabelink TJ. Endothelial function and dysfunction: testing and clinical relevance. Cir-
culation 2007; 115: 1285-1295.

10. Goligorsky MS. Clinical assessment of endothelial dysfunction: combine and rule. Curr Opin Nephrol Hyper-
tens 2006; 15: 617-624.

11. Feletou M, Vanhoutte PM. Endothelial dysfunction: a multifaceted disorder (The Wiggers Award Lecture).
Am J Physiol Heart Circ Physiol 2006; 291: H985-1002.

12. Yang Z, Ming XF. Recent advances in understanding endothelial dysfunction in atherosclerosis. Clin Med Res
2006; 4: 53-65.

13. Esper RJ, Nordaby RA, Vilarino JO, Paragano A, Cacharron JL, Machado RA. Endothelial dysfunction: a com-
prehensive appraisal. Cardiovasc Diabetol 2006; 5: 4.

14. O'Riordan E, Chen J, Brodsky SV, Smirnova I, Li H, Goligorsky MS. Endothelial cell dysfunction: the syndrome
in making. Kidney Int 2005; 67: 1654-1658.

15. Goligorsky MS. Endothelial cell dysfunction: can't live with it, how to live without it. Am J Physiol Renal
Physiol 2005; 288: F871-F880.

16. Cosentino F, Rubattu S, Savoia C, Venturelli V, Pagannonne E, Volpe M. Endothelial dysfunction and stroke. J
Cardiovasc Pharmacol 2001; 38 Suppl 2: S75-S78.

17. Hellstrom HR. Coronary endothelial dysfunction and cerebrovascular events. Circulation 2004; 109: €208.

18. Cherian P, Hankey GJ, Eikelboom JW, Thom J, Baker RI, McQuillan A et al. Endothelial and platelet activation
in acute ischemic stroke and its etiological subtypes. Stroke 2003; 34: 2132-2137.

19. Minagar A, Jy W, Jimenez JJ, Sheremata WA, Mauro LM, Mao WW ef al. Elevated plasma endothelial mi-
croparticles in multiple sclerosis. Neurology 2001; 56: 1319-1324.

20. Uzuner N, Ozkan S, Cinar N. Cerebrovascular reactivity in multiple sclerosis patients. Mult Scler 2007; 13: 737-
741.

21. Dede DS, Yavuz B, Yavuz BB, Cankurtaran M, Halil M, Ulger Z et al. Assessment of endothelial function in
Alzheimer's disease: is Alzheimer's disease a vascular disease? J Am Geriatr Soc 2007; 55: 1613-1617.

214 Journal of Research in Medical Sciences July & August 2008; Vol 13, No 4.

WWW.mui.ac.ir


http://www.mui.ac.ir

Endothelial function and dysfunction Haghjooyejavanmard et al

22. Khalil Z, LoGiudice D, Khodr B, Maruff P, Masters C. Impaired peripheral endothelial microvascular respon-
siveness in Alzheimer's disease. J Alzheimers Dis 2007; 11: 25-32.

23. Giannotti G, Landmesser U. Endothelial dysfunction as an early sign of atherosclerosis. Herz 2007; 32: 568-572.

24. Bonetti PO, Lerman LO, Lerman A. Endothelial dysfunction: a marker of atherosclerotic risk. Arterioscler
Thromb Vasc Biol 2003; 23: 168-175.

25. Quyyumi AA. Prognostic value of endothelial function. Am J Cardiol 2003; 91: 19H-24H.

26. Chapidze L, Kapanadze S, Dolidze N, Bakhutashvili Z, Latsabidze N. Endothelial dysfunction in patients with
coronary atherosclerosis. Georgian Med News 2007; 20-22.

27. Erzen B, Sabovic M, Sebestjen M, Poredos P. Endothelial dysfunction in post-myocardial infarction patients
with various expressions of risk factors. Endothelium 2007; 14: 185-91.

28. Erzen B, Sabovic M, Sebestjen M, Poredos P. Endothelial dysfunction, intima-media thickness, ankle-brachial
pressure index, and pulse pressure in young post-myocardial infarction patients with various expressions of
classical risk factors. Heart Vessels 2007; 22: 215-222.

29. Berges A, Van Nassauw L, Timmermans JP, Vrints C. Role of nitric oxide during coronary endothelial dysfunc-
tion after myocardial infarction. Eur J Pharmacol 2005 23; 516: 60-70.

30. Tousoulis D, Charakida M, Stefanadis C. Inflammation and endothelial dysfunction as therapeutic targets in
patients with heart failure. Int J Cardiol 2005; 100: 347-53.

31. Ferrari R, Bachetti T, Agnoletti L, Comini L, Curello S. Endothelial function and dysfunction in heart failure.
Eur Heart J 1998; 19 Suppl G: G41-7.

32. Schifer A, Fraccarollo D, Tas P, Schmidt I, Ertl G, Bauersachs J. Endothelial dysfunction in congestive heart
failure: ACE inhibition vs. angiotensin II antagonism. Eur J Heart Fail 2004; 6: 151-9.

33. Pasqualini L, Marchesi S, Vaudo G, Siepi D, Angeli F, Paris L, Schillaci G, Mannarino E. Association between
endothelial dysfunction and major cardiovascular events in peripheral arterial disease. Vasa 2003; 32: 139-
43.

34. Brevetti G, Silvestro A, Schiano V, Chiariello M. Endothelial dysfunction and cardiovascular risk prediction in
peripheral arterial disease: additive value of flow-mediated dilation to ankle-brachial pressure index. Circu-
lation 2003; 108: 2093-8.

35. Yildiz P, Oflaz H, Cine N, Genchallac H, Erginel-Unaltuna N, Yildiz A, Yilmaz V. Endothelial dysfunction in
patients with asthma: the role of polymorphisms of ACE and endothelial NOS genes. J Asthma 2004; 41: 159-
66.

36. Folkerts G, Nijkamp FP. Nitric oxide in asthma therapy. Curr Pharm Des 2006; 12: 3221-32.

37. Peinado VI, Barbera JA, Ramirez J, Gomez FP, Roca J, Jover L, Gimferrer JM, Rodriguez-Roisin R. Endothelial
dysfunction in pulmonary arteries of patients with mild COPD. Am J Physiol 1998; 274: L908-13.

38. Cella G, Sbarai A, Mazzaro G, Vanzo B, RomanoS, Hoppensteadt T, Fareed J. Plasma markers of endothelial
dysfunction in chronic obstructive pulmonary disease. Clin App! Thromb Hemost 2001; 7: 205-8.

39. Jain S, Ventura H, deBoisblanc B. Pathophysiology of pulmonary arterial hypertension. Semin Cardiothorac
Vasc Anesth 2007; 11: 104-9.

40. Barst R. Is it possible to reverse the endothelial dysfunction in pulmonary arterial hypertension? J Am Coll
Cardiol 2007; 49: 1572-4.

41. Hooper WC, Mensah GA, Haworth SG, Black SM, Garcia JG, Langleben D. Vascular endothelium summary
statement V: Pulmonary hypertension and acute lung injury: public health implications. Vascul Pharmacol
2007; 46: 327-9.

42. Ware LB. Pathophysiology of acute lung injury and the acute respiratory distress syndrome. Semin Respir
Crit Care Med 2006; 27: 337-49.

43. Orfanos SE, Mavrommati I, Korovesi I, Roussos C. Pulmonary endothelium in acute lung injury: from basic
science to the critically ill. Intensive Care Med 2004; 30: 1702-14.

44. Budhiraja R, Parthasarathy S, Quan SF. Endothelial dysfunction in obstructive sleep apnea. J Clin Sleep Med
2007; 3: 409-15.

45. Parati G, Lombardi C, Narkiewicz K. Sleep apnea: epidemiology, pathophysiology, and relation to cardiovascu-
lar risk. Am J Physiol Regul Integr Comp Physiol 2007; 293: R1671-83.

46. Wolf J, Lewicka J, Narkiewicz K. Obstructive sleep apnea: an update on mechanisms and cardiovascular con-
sequences. Nutr Metab Cardiovasc Dis 2007; 17: 233-40.

47. Wallace JL. Gastric ulceration: critical events at the neutrophil--endothelium interface. Can J Physiol Phar-
macol 1993; 71: 98-102.

Journal of Research in Medical Sciences July & August 2008; Vol 13, No 4. 215

WWW.mui.ac.ir


http://www.mui.ac.ir

Endothelial function and dysfunction Haghjooyejavanmard et al

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65

66.

67.

68.

69.

70.

71

72.
73.

216

Ma L, Elliott SN, Cirino G, Buret A, Ignarro LJ, Wallace JL. Platelets modulate gastric ulcer healing: role of
endostatin and vascular endothelial growth factor release. Proc Natl Acad Sci US4 2001; 98: 6470-5.

Ma L, Wallace JL. Endothelial nitric oxide synthase modulates gastric ulcer healing in rats. Am J Physiol Gas-
trointest Liver Physiol 2000; 279: G341-6.

Kocaman O, Sahin T, Aygun C, Senturk O, Hulagu S. Endothelial dysfunction in patients with ulcerative colitis.
Inflamm Bowel Dis 2006; 12: 166-71.

Rijcken E, Krieglstein CF, Anthoni C, Laukoetter MG, Mennigen R, Spiegel HU, Senninger N, Bennett CF,
Schuermann G. ICAM-1 and VCAM-1 antisense oligonucleotides attenuate in vivo leukocyte adherence and
inflammation in rat inflammatory bowel disease. Guz 2002; 51: 529-35.

Villanova N, Moscatiello S, Ramilli S, Bugianesi E, Magalotti D, Vanni E, Zoli M, Marchesini G. Endothelial dys-
function and cardiovascular risk profile in nonalcoholic fatty liver disease. Hepatology 2005; 42: 473-80.
Senturk O, Kocaman O, Hulagu S, Sahin T, Aygun C, Konduk T, Celebi A. Endothelial dysfunction in Turkish
patients with non-alcoholic fatty liver disease. Intern Med J 2008; 38: 183-9.

BreinerKM, SchallerH, KnollePA. Endothelial cell-mediated uptake of a hepatitis B virus: a new concept of
liver targeting of hepatotropic microorganisms. Hepatology 2001; 34: 803-8.

CacoubP, GhillaniP, RevelenR, ThibaultV, CalvezV, CharlotteF, MussetL, YouinouP, PietteJC. Anti-endothelial
cell auto-antibodies in hepatitis C virus mixed cryoglobulinemia. J Hepatol 1999; 31: 598—603.

Cahill PA, Redmond EM, Sitzmann JV. Endothelial dysfunction in cirrhosis and portal hypertension. Pharma-
col Ther 2001; 89: 273-93.

Iwakiri Y, Groszmann RJ. Vascular endothelial dysfunction in cirrhosis. J Hepatol 2007; 46: 927-34.

Chen ZH, Liu ZH, Yu C, Ji DX, Li LS. Endothelial dysfunction in patients with severe acute pancreatitis: im-
proved by continuous blood purification therapy. Int J Artif Organs 2007; 30: 393-400.

Powell JJ, Siriwardena AK, Fearon KC, Ross JA. Endothelial-derived selectins in the development of organ
dysfunction in acute pancreatitis. Crit Care Med 2001; 29: 567-72.

Gonzalez-Gay MA, Gonzalez-Juanatey C, Martin J. Inflammation and endothelial dysfunction in rheumatoid
arthritis. Clin Exp Rheumatol 2006; 24: 115-7.

Herbrig K, Haensel S, Oelschlaegel U, Pistrosch F, Foerster S, Passauer J. Endothelial dysfunction in patients
with rheumatoid arthritis is associated with a reduced number and impaired function of endothelial progeni-
tor cells. Ann Rheum Dis 2006; 65: 157-63

CerinicMM, ValentiniG, SoranoGG, D'AngeloS, CuomoG, FenuL, GeneriniS, CinottiS, MorfiniM, PignoneA,
GuiducciS, Del RossoA, KalfinR, DasD, MarongiuF. Blood coagulation, fibrinolysis, and markers of endothe-
lial dysfunction in systemic sclerosis. Semin Arthritis Rheum 2003; 32: 285-95.

Mariel, BenyJL. Endothelial dysfunction in murine model of systemic sclerosis: tight-skin mice 1. J Invest
Dermatol 2002; 119: 1379-87.

Turner E, Dishy V, Chung CP, Harris P, Pierces R, Asanuma Y, Oeser A, Gebretsadik T, Shintani A, Raggi P, Stein
CM. Endothelial function in systemic lupus erythematosus: relationship to disease activity, cardiovascular
risk factors, corticosteroid therapy, and coronary calcification. Vasc Health Risk Manag 2005; 1: 357-60.

. Kiss E, Soltesz P, Der H, Kocsis Z, Tarr T, Bhattoa H, Shoenfeld Y, Szegedi G. Reduced flow-mediated vasodila-

tion as a marker for cardiovascular complications in lupus patients. J Autoimmun 2006; 27: 211-7.

Sherer Y, Shoenfeld Y. Mechanisms of disease: atherosclerosis in autoimmune diseases. Nat Clin Pract Rheu-
matol 2006; 2: 99-106.

Der H, Kerekes G, Veres K, Szodoray P, Toth J, Lakos G, Szegedi G, Soltesz P. Impaired endothelial function
and increased carotid intima-media thickness in association with elevated von Willebrand antigen level in
primary antiphospholipid syndrome. Lupus 2007; 16: 497-503.

Jansson PA. Endothelial dysfunction in insulin resistance and type 2 diabetes. J Intern Med 2007; 262: 173-83.
Sena CM, Nunes E, Louro T, Proenca T, Seica RM. Endothelial dysfunction in type 2 diabetes: effect of anti-
oxidants. Rev Port Cardiol 2007; 26(6):609-19.

Miinzel D, Lehle K, Haubner F, Schmid C, Birnbaum DE, Preuner JG. Impact of diabetic serum on endothelial
cells: an in-vitro-analysis of endothelial dysfunction in diabetes mellitus type 2. Biochem Biophys Res Commun
2007 19; 362: 238-44.

. Hamilton SJ, Chew GT, Watts GF. Therapeutic regulation of endothelial dysfunction in type 2 diabetes melli-

tus. Diab Vasc Dis Res 2007; 4: 89-102.

RuoslahtiE. Specialization of tumour vasculature. Nat Rev Cancer 2002; 2: 83-90.

St Croix B, Rago C, Velculescu V, Traverso G, Romans KE, Montgomery E, Lal A, Riggins GJ, Lengauer C, Vo-
gelstein B, Kinzler KW. Genes expressed in human tumor endothelium. Science 2000; 289: 1197-202.

Journal of Research in Medical Sciences July & August 2008; Vol 13, No 4.

WWW.Mmui.ac.ir


http://www.mui.ac.ir

Endothelial function and dysfunction Haghjooyejavanmard et al

74.

75.

76.

77.

78.

79.

80.

81.

82.

Turhan A, Weiss LA, Mohandas N, Coller BS, Frenette PS. Primary role for adherent leukocytes in sickle cell
vascular occlusion: a new paradigm. Proc Nat! Acad Sci US4 2002; 99: 3047-51.

Solovey AA, Solovey AN, Harkness J, Hebbel RP. Modulation of endothelial cell activation in sickle cell dis-
ease: a pilot study. Blood 2001; 97: 1937-41.

Hebbel RP, Vercellotti GM. The endothelial biology of sickle cell disease. J Lab Clin Med 1997; 129: 288-93.
SaunthararajahY, HilleryCA, LavelleD, MolokieR, DornL, BresslerL, GavazovaS, ChenYH, HoffmanR, DeSi-
moneJ. Effects of 5-aza-2'-deoxycytidine on fetal hemoglobin levels, red cell adhesion, and hematopoietic dif-
ferentiation in patients with sickle cell disease. Blood 2003; 102: 3865-70.

Cheung YF, Chan GC, Ha SY. Arterial stiffness and endothelial function in patients with beta-thalassemia
major. Circulation 2002; 106: 2561-6.

ButthepP, RummavasS, WisedpanichkijR, JindadamrongwechS, FucharoenS, BunyaratvejA. Increased circulating
activated endothelial cells, vascular endothelial growth factor, and tumor necrosis factor in thalassemia. Am
J Hematol 2002; 70: 100-6.

Gaenzer H, Marschang P, Sturm W, Neumayr G, Vogel W, Patsch J, Weiss G. Association between increased
iron stores and impaired endothelial function in patients with hereditary hemochromatosis. J Am Coll Car-
diol 2002; 40: 2189-94.

Neunteufl T, Heher S, Stefenelli T, Pabinger I, Gisslinger H. Endothelial dysfunction in patients with poly-
cythemia vera. Br J Haematol 2001; 115: 354-9.

Musolino C, Alonci A, Bellomo G, Tringali O, Spatari G, Quartarone C, Rizzo V, Calabro L, Bagnato G, Frisina N.
Myeloproliferative disease: markers of endothelial and platelet status in patients with essential thrombo-
cythemia and polycythemia vera. Hematol 2000; 4: 397-402.

83.Takatsuka H, Wakae T, Mori A, Okada M, Okamoto T, Kakishita E. Effects of total body irradiation on the vas-

84.

85.

86

89.

90.

91.

92.

93.

94.

95.

96.

97.

cular endothelium. Clin Transplant 2002; 16: 374-7.

Paris F, Fuks Z, Kang A, Capodieci P, Juan G, Ehleiter D, Haimovitz-Friedman A, Cordon-Cardo C, Kolesnick R.
Endothelial apoptosis as the primary lesion initiating intestinal radiation damage in mice. Science 2001; 293:
293-7.

Nohe B, Kiefer RT, Ploppa A, Haeberle HA, Schroeder TH, Dieterich HJ. The effects of fresh frozen plasma on
neutrophil-endothelial interactions. Anesth Analg 2003; 97: 216-21

. Vallet B, Wiel E. Endothelial cell dysfunction and coagulation. Crit Care Med 2001; 29: S36-41.
87.
88.

Aird WC. Endothelium as an organ system. Crit Care Med. 2004; 32: S271-9.

Molitoris BA, Sutton TA. Endothelial injury and dysfunction: role in the extension phase of acute renal fail-
ure. Kidney Int 2004; 66: 496-9.

Goligorsky MS, Brodsky SV, Noiri E. Nobioavailability, endothelial dysfunction, and acute renal failure: new
insights into pathophysiology. Semin Nephrol 2004; 4: 16-23.

Ghiadoni L, Cupisti A, Huang Y, Mattei P, Cardinal H, Favilla S, Rindi P, Barsotti G, Taddei S, Salvetti A. Endo-
thelial dysfunction and oxidative stress in chronic renal failure. J Nephrol. 2004; 17: 512-9.

Bolton CH, Downs LG, Victory JG, Dwight JF, Tomson CR, Mackness MI, Pinkney JH. Endothelial dysfunction
in chronic renal failure: roles of lipoprotein oxidation and pro-inflammatory cytokines. Nephrol Dial Trans-
plant 2001; 16: 1189-97.

Cotter BR. Endothelial dysfunction in HIV infection. Curr HIV/AIDS Rep 2006; 3: 126-31.

Oshima T, Ozono R, Yano Y, Oishi Y, Teragawa H, Higashi Y, Yoshizumi M, Kambe M. Association of Helico-
bacter pylori infection with systemic inflammation and endothelial dysfunction in healthy male subjects. J
Am Coll Cardiol 2005; 45: 1219-22.

Napoli C, Pignalosa O, de Nigris F, Sica V. Childhood infection and endothelial dysfunction: a potential link in
atherosclerosis? Circulation 2005; 111: 1568-70.

Peters K, Unger RE, Brunner J, Kirkpatrick CJ. Molecular basis of endothelial dysfunction in sepsis. Cardiovasc
Res 2003; 60: 49-57.

Vallet B. Bench-to-bedside review: endothelial cell dysfunction in severe sepsis: a role in organ dysfunction?
Crit Care 2003; 7: 130-8.

Reinhart K, Bayer O, Brunkhorst F, Meisner M. Markers of endothelial damage in organ dysfunction and sep-
sis. Crit Care Med 2002; 30: S302-12.

98. Shah DM. Preeclampsia: new insights. Curr Opin Nephrol Hypertens 2007; 16: 213-20.
99. Poston L. Endothelial dysfunction in pre-eclampsia. Pharmacol Rep 2006; 58: 69-74.
100. Teran E, Calle A, Escudero C. Endothelial dysfunction and preeclampsia. 4m J Hypertens 2007; 20: 1026-7.

Journal of Research in Medical Sciences July & August 2008; Vol 13, No 4. 217

WWW.Mmui.ac.ir


http://www.mui.ac.ir

Endothelial function and dysfunction Haghjooyejavanmard et al

101.

102.

103.

104.

105.

106.

107.
108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

218

Carmina E, Orio F, Palomba S, Longo RA, Cascella T, Colao A, Lombardi G, Rini GB, Lobo RA. Endothelial
dysfunction in PCOS: role of obesity and adipose hormones. 4m J Med 2006; 119: 356.

Lowenstein L, Damti A, Pillar G, Shott S, Blumenfeld Z. Evaluation of endothelial function in women with
polycystic ovary syndrome. Eur J Obstet Gynecol Reprod Biol 2007; 134: 208-12.

Seinost G, Wimmer G, Skerget M, Thaller E, Brodmann M, Gasser R, Bratschko RO, Pilger E. Periodontal treat-
ment improves endothelial dysfunction in patients with severe periodontitis. Am Heart J 2005; 149: 1050-4.
Tonetti MS, D'Aiuto F, Nibali L, Donald A, Storry C, Parkar M, Suvan J, Hingorani AD, Vallance P, Deanfield J.
Treatment of periodontitis and endothelial function. N Engl J Med 2007; 356: 911-20.

Mantovani A, Sozzani A, Vecchi A, Introna M, Allvena P. Cytokine activation of endothelial cells: new mole-
cules for an old paradigm. Thromb Haemost 1997; 78: 406-414

Frenette P, Wagner D. Adhesion molecules. New Engl J Med 1996; 334: 1526-29.

Albelda SM, Smith CW, Ward PA. Adhesion molecules and inflammatory injury. FASEB J 1994; 8: 504-512.
liyama K, Hajra L, liyama M, et al. Patterns of vascular cell adhesion molecule-1 and intercellular adhesion
molecule-1expression in rabbit and mouse atherosclerotic lesions and at sites predisposed to lesion forma-
tion. Circ Res 1999; 85: 199-207.

Jaffe EA. Cell biology of endothelial cells. Hum Pathol 1987; 18: 234-239.

Hunt BJ, Jurd KM. Endothelial cell activation. A central pathophysiological process. Br Med J 1998; 316:
1328-1329.

Blann A. Endothelial cell activation, injury, damage and dysfunction: separate entities or mutual terms?
Blood coagul fibrinolysis 2000; 11: 623-630

Hirata K, Amudha K, Elina R, Hozumi T, Yoshikawa J, Homma S, Lang CC. Measurement of coronary vasomo-
tor function: getting to the heart of the matter in cardiovascular research. Clin Sci (Lond) 2004; 107: 449-60.
Sankatsing RR, de Groot E, Jukema JW, de Feyter PJ, Pennell DJ, Schoenhagen P, Nissen SE, Stroes ES, Kastelein
JJ. Surrogate markers for atherosclerotic disease. Curr Opin Lipidol 2005; 16: 434-41.

Faulx MD, Wright AT, Hoit BD. Detection of endothelial dysfunction with brachial artery ultrasound scan-
ning. Am Heart J 2003 ; 145: 943-51.

Deanfield J, Donald A, Ferri C, ef al. Endothelial function and dysfunction. Methodological issues for assess-
ment in the different vascular beds: a statement by the Working Group on Endothelin and Endothelial Fac-
tors of the European Society for Hypertension. J Hypertens 2005; 23: 7-17

Ter Avest E, Stalenhoef AF, de Graaf J. What is the role of non-invasive measurements of atherosclerosis in
individual cardiovascular risk prediction? Clin Sci (Lond) 2007; 112: 507-16.

Malinski T. Understanding nitric oxide physiology in the heart: a nanomedical approach. Am J Cardiol 2005;
96: 13i-24i.

Beckman J, Preis P, Gerhard-Herman M. Comparison of usefulness of inflammatory markers in patients with
versus without peripheral arterial disease in predicting adverse cardiovascular outcomes (myocardial in-
farction, stroke and death). Am J Cardiol 2005; 96: 1374-1378.

George F, Brisson C, Poncelet P, Laurent JC, Massot O, Arnoux D, Ambrosi P, Klein-Soyer C, Cazenave JP, Sam-
pol J. Rapid isolation of human endothelial cells from whole blood using S-Endo1 monoclonal antibody cou-
pled to immuno-magnetic beads: demonstration of endothelial injury after angioplasty. Thromb Haemost
1992; 67: 147-153.

Goon PK, Boos CJ, Lip GY. Circulating endothelial cells: markers of vascular dysfunction. Cl/in Lab 2005; 51:
531-538.

Dignat-George F, Sampol J, Lip G, Blann AD. Circulating endothelial cells: realities and promises in vascular
disorders. Pathophysiol Haemost Thromb 2004; 33: 495-9.

Dignat-George F, Sampol J. Circulating endothelial cells in vascular disorders: new insights into an old con-
cept. Eur J Haematol 2000; 65: 215-20.

Blann AD, Woywodt A, Bertolini F, Bull TM, Buyon JP, Clancy RM, Haubitz M, Hebbel RP, Lip GY, Mancuso P,
Sampol J, Solovey A, Dignat-George F. Circulating endothelial cells. Biomarker of vascular disease. Thromb
Haemost 2005; 93: 228-35.

Jy W, Horstman LL, Jimenez JJ, Ahn YS, Bir6 E, Nieuwland R, Sturk A, Dignat-George F, Sabatier F, Camoin-
Jau L, Sampol J, Hugel B, Zobairi F, Freyssinet JM, Nomura S, Shet AS, Key NS, Hebbel RP. Measuring circu-
lating cell-derived microparticles. J Thromb Haemost. 2004; 2: 1842-51.

Werner N, Wassmann S, Ahlers P, Kosiol S, Nickenig G. Circulating CD31+/annexin V+ apoptotic microparti-
cles correlate with coronary endothelial function in patients with coronary artery disease. Arterioscler
Thromb Vasc Biol 2006; 26: 112-6.

Journal of Research in Medical Sciences July & August 2008; Vol 13, No 4.

WWW.Mmui.ac.ir


http://www.mui.ac.ir

Endothelial function and dysfunction Haghjooyejavanmard et al

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.
141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Martinez MC, Tesse A, Zobairi F, Andriantsitohaina R. Shed membrane microparticles from circulating and
vascular cells in regulating vascular function. Am J Physiol Heart Circ Physiol 2005; 288: H1004-9.

Urbich C, Dimmeler S. Endothelial progenitor cells: characterization and role in vascular biology. Circ Res
2004; 95: 343-353.

Kawamoto A, Asahara T. Role of progenitor endothelial cells in cardiovascular disease and upcoming thera-
pies. Catheter Cardiovasc Interv 2007; 70: 477-84.

Werner N, Nickenig G. Clinical and therapeutical implications of EPC biology in atherosclerosis. J Cell Mol
Med 2006; 10: 318-332.

Schmidt-Lucke C, Rossig L, Fichtlscherer S, Vasa M, Britten M, Kdmper U, Dimmeler S, Zeiher AM. Reduced
number of circulating endothelial progenitor cells predicts future cardiovascular events: proof of concept
for the clinical importance of endogenous vascular repair. Circulation. 2005; 111: 2981-7.

Urbich C, Dimmeler S. Risk factors for coronary artery disease, circulating endothelial progenitor cells, and
the role of HMG-CoA reductase inhibitors. Kidney Int 2005; 67: 1672-6.

Blann AD, Pretorius A. Circulating endothelial cells and endothelial progenitor cells: two sides of the same
coin, or two different coins? Atherosclerosis 2006; 188: 12-18.

Goon PK, Lip GY, Boos CJ, Stonelake PS, Blann AD. Circulating endothelial cells, endothelial progenitor
cells, and endothelial microparticles in cancer. Neoplasia 2006; 8: 79-88.

Hunting CB, Noort WA, Zwaginga JJ. Circulating endothelial (progenitor) cells reflect the state of the endo-
thelium: vascular injury, repair and neovascularization. Vox Sang 2005; 88: 1-9.

Smith SC Jr, Anderson JL, Cannon RO 3rd, Fadl YY, Koenig W, Libby P, Lipshultz SE, Mensah GA, Ridker PM,
Rosenson R. CDC/AHA workshop on markers of inflammation and cardiovascular disease: application to
clinical and public health practice: report from the clinical practice discussion group. Circulation 2004; 110:
e550-e553.

Tsikas D. Methods of quantitative analysis of the nitric oxide metabolites nitrite and nitrate in human bio-
logical fluids. Free Radic Res 2005; 39: 797-815.

Bryan NS, Rassaf T, Maloney RE, Rodriguez CM, Saijo F, Rodriguez JR, Feelisch M. Cellular targets and
mechanisms of nitros(yl)ation: an insight into their nature and Kkinetics in vivo. Proc Natl Acad Sci USA
2004; 101: 4308-13.

Feelisch M, Rassaf T, Mnaimneh S, Singh N, Bryan NS, Jourd'Heuil D, Kelm M. Concomitant S-, N-, and heme-
nitros(yl)ation in biological tissues and fluids: Implications for the fate of NO in vivo. FASEB J 2002; 16:
1775-85.

Rassaf T, Feelisch M, Kelm M. Circulating NO pool: assessment of nitrite and nitroso species in blood and
tissues. Free Radic Biol Med 2004; 36: 413-422.

Rassaf T, Kleinbongard P, Kelm M. Circulating NO pool in humans. Kidney Blood Press Res 2005; 28: 341-8.
Lundberg JO. Nitric oxide metabolites and cardiovascular disease markers, mediators, or both? J Am Coll
Cardiol 2006; 47: 580-1.

Bryan NS. Nitrite in nitric oxide biology: cause or consequence? A systems based review. Free Radic Biol
Med 2006; 41: 691-701.

Lauer T, Preik M, Rassaf T, Strauer BE, Deussen A, Feelisch M et al. Plasma nitrite rather than nitrate reflects
regional endothelial nitric oxide synthase activity but lacks intrinsic vasodilator action. Proc Natl Acad Sci
USA 2001; 98: 12814-19.

Pober JS, Sessa WC. Evolving functions of endothelial cells in inflammation. Nat Rev Immunol 2007; 7: 803-15.
Piro M, Giubilato G, Pinnelli M, Giordano Sciacca P, Biasucci LM. Endothelium and inflammation. Panminerva
Med 2005; 47: 75-80.

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO, III, Criqui M et al. Markers of inflamma-
tion and cardiovascular disease: application to clinical and public health practice: A statement for health-
care professionals from the Centers for Disease Control and Prevention and the American Heart Associa-
tion. Circulation 2003; 107: 499-511.

Francisco G, Hernandez C, Simo R. Serum markers of vascular inflammation in dyslipemia. Clin Chim Acta
2006; 369: 1-16.

Sudhir K. Clinical review: Lipoprotein-associated phospholipase A2, a novel inflammatory biomarker and
independent risk predictor for cardiovascular disease. J Clin Endocrinol Metab 2005; 90: 3100-5.

Jialal I, Devaraj S, Venugopal SK. C-reactive protein: risk marker or mediator in atherothrombosis? Hyper-
tension 2004; 44: 6-11.

Widener JM. C-reactive protein measurement in the patient with vascular disease. J Vasc Nurs 2007; 25: 51-4.

Journal of Research in Medical Sciences July & August 2008; Vol 13, No 4. 219

WWW.Mmui.ac.ir


http://www.mui.ac.ir

Endothelial function and dysfunction Haghjooyejavanmard et al

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.
161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

220

de Ferranti SD, Rifai N. C-reactive protein: a nontraditional serum marker of cardiovascular risk. Cardiovasc
Pathol 2007; 16: 14-21.

Katrinchak C, Fritz K. Clinical implications of C-reactive protein as a predictor of vascular risk. J A4m Acad
Nurse Pract 2007; 19: 335-40.

Stenina OI. Regulation of gene expression in vascular cells by coagulation proteins. Curr Drug Targets 2003;
4:143-58.

Strukova S. Blood coagulation-dependent inflammation. Coagulation-dependent inflammation and inflam-
mation-dependent thrombosis. Front Biosci 2006; 11: 59-80.

Vaughan DE. PAI-1 and atherothrombesis. J Thromb Haemost 2005; 3: 1879-83.

Ruggeri Z.M., and J. Ware. von Willebrand factor. FASEB J 1993: 308-316.

Blann AD, Taberner DA. A reliable marker of endothelial cell dysfunction: does it exist? Br J Haematol 1995;
90: 244-248.

Constans J, Conri C. Circulating markers of endothelial function in cardiovascular disease. Clin Chim Acta
2006; 368: 33-47.

Minuz P, Fava C, Lechi A. Lipid peroxidation, isoprostanes and vascular damage. Pharmacol Rep 2006; 58:
57-68.

Pratico D. In vivo measurement of the redox state. Lipids 2001;36: S45-7.

Hasegawa G, Yamamoto Y, Zhi J. Daily profile of plasma %Co0Q10 level, a biomarker of oxidative stress, in
patients with diabetes manifesting postprandial hyperglycemia. Acta Diabetol 2005; 42: 179-181.

Miyamoto S, Kawano H, Hokamaki J. Increased plasma levels of thioredoxin in patients with glucose intoler-
ance. Intern Med 2005; 44: 1127-32.

Clarkson P, Adams MR, Powe AJ, Donald AE, McCredie R, Robinson J, McCarthy SN, Keech A, Celermajer DS,
Deanfield JE. Oral L-arginine improves endothelium-dependent dilation in hypercholesterolemic young
adults. J Clin Invest 1996; 97: 1989-94.

Adams MR, McCredie R, Jessup W, Robinson J, Sullivan D, Celermajer DS . Oral L-arginine improves endothe-
lium-dependent dilatation and reduces monocyte adhesion to endothelial cells in young men with coronary
artery disease. Atherosclerosis 1997; 129: 261-9.

West SG, Likos-Krick A, Brown P, Mariotti F. Oral L-arginine improves hemodynamic responses to stress and
reduces plasma homocysteine in hypercholesterolemic men. J Nutr 2005; 135: 212-7.

Bode-Boger SM, Muke J, Surdacki A, Brabant G, Boger RH, Frélich JC. Oral L-arginine improves endothelial
function in healthy individuals older than 70 years. Vasc Med 2003; 8: 77-81.

Lekakis JP, Papathanassiou S, Papaioannou TG, Papamichael CM, Zakopoulos N, Kotsis V, Dagre AG, Stamate-
lopoulos K, Protogerou A, Stamatelopoulos SF. Oral L-arginine improves endothelial dysfunction in patients
with essential hypertension. /nt J Cardiol 2002; 86: 317-23.

Nematbakhsh M, Heydarzadeh Z, Borjian L and Haghjooyejavanmard S. Low Dose of L-Arginine Does Not
Change Endothelial Permeability of Aorta and Coronary Arteries in Rat . Pakistan Journal of Nutrition 2008;
7:126-129.

Iturry-Yamamoto GR, Battastini AM, Martins NL, Edelweiss MI, Sarkis JJ, Ribeiro JP, Picon PD. Oral L-
arginine administration does not inhibit thrombosis on an experimental model of arterial thrombosis: the
effect on the apyrasic activity of the arterial wall. Blood Coagul Fibrinolysis 2006; 17: 437-44.
Haghjooyjavanmard S, Nematbakhsh M, Monajemi A, Soleimani M. The effect of L-arginine supplementation
on VEGF concentration in a cholesrtol rich diet withdrawal model. Arya Atherosclerosis journal 2007; 3: 72-
76.

Higashi Y, Sanada M, Sasaki S, Nakagawa K, Goto C, Matsuura H, Ohama K, Chayama K, Oshima T. Effect of
estrogen replacement therapy on endothelial function in peripheral resistance arteries in normotensive and
hypertensive postmenopausal women. Hypertension 2001; 37: 651-7.

Moien-Afshari F, Kenyon E, Choy JC, Battistini B, McManus BM, Laher 1. Long-term effects of ovariectomy
and estrogen replacement treatment on endothelial function in mature rats. Maturitas 2003; 45: 213-23.
Ossewaarde ME, Bots ML, van der Schouw YT, de Kleijn MJ, Wilmink HW, Bak AA, Planellas J, Banga JD,
Grobbee DE. Does the beneficial effect of HRT on endothelial function depend on lipid changes. Maturitas
2003; 45: 47-54.

Li XP, Zhou Y, Zhao SP, Gao M, Zhou QC, Li YS. Effect of endogenous estrogen on endothelial function in
women with coronary heart disease and its mechanism. Clin Chim Acta 2004; 339: 183-8.

Journal of Research in Medical Sciences July & August 2008; Vol 13, No 4.

WWW.Mmui.ac.ir


http://www.mui.ac.ir

Endothelial function and dysfunction Haghjooyejavanmard et al

175. Nematbakhsh M, Hayat-Davoodi P, Rajabi P, Samarian S.H. The effect of estrogen on endothelial permeability
of aorta and the level of serum nitrite concentration in cholesterol-fed ovariectomized rabbit. /ranian Bio-
medical Journal 2002; 6: 77-82.

176. Nematbakhsh M, Rajabi P, Samarian S.H, Soltani N, Sarrafzadeghan N, Mohammadifar N, Alikhassi H. Estrogen
attenuates endothelial permeability and fatty streaks in cholesterol-fed male rabbit aorta. Ateroskleroza
1998; 2: 3-7.

177. Watanabe S, Tagawa T, Yamakawa K, Shimabukuro M, Ueda S. Inhibition of the renin-angiotensin system pre-
vents free fatty acid-induced acute endothelial dysfunction in humans. Arterioscler Thromb Vasc Biol 2005;
25:2376-80.

178. Nematbakhsh M, Rajabi P, Samarian S.H, Sabahi A.R, Shirdavani S, Moradi 1. The effect of lead on endothelial
permeability of aorta. Journal of Iran University of Medical Sciences 2001; 8: 76-83.

179. Erhardt LR. Endothelial dysfunction and cardiovascular disease: the promise of blocking the renin-
angiotensin system. /nt J Clin Pract 2003; 57: 211-8.

180. Goto K, Fujii K, Onaka U, Abe I, Fujishima M. Renin-angiotensin system blockade improves endothelial dys-
function in hypertension. Hypertension 2000; 36: 575-80.

181. Poreba R, Skoczynska A, Derkacz A, Wojakowska A, Turczyn B. Influence of tobacco smoking on endothelial
function in lead-exposed male workers. Med Pr2004; 55: 145-51.

182. Mahn K, Borras C, Knock GA, Taylor P, Khan 1Y, Sugden D, Poston L, Ward JP, Sharpe RM, Vifia J, Aaronson
PI, Mann GE. Dietary soy isoflavone induced increases in antioxidant and eNOS gene expression lead to im-
proved endothelial function and reduced blood pressure in vivo. FASEB J 2005; 19: 1755-7.

Journal of Research in Medical Sciences July & August 2008; Vol 13, No 4. 221

WWW.mui.ac.ir


http://www.mui.ac.ir

