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ABSTRACT
Cardiovascular diseases (CVDs) are the most common cause of death in
Western countries. Smoking, hypertension, diabetes mellitus and
hypercholesterolemia are considered as major risk factors. However, the
underlying mechanisms by which these factors cause CVDs are not
entirely clear. Angiotensin-converting enzyme (ACE) is a key enzyme in
the renin-angiotensin-aldosterone system, converting angiotensin I to the
vasoactive peptide angiotensin II. Besides being an important factor for
normal regulation of blood pressure, ACE appears to be involved in the
pathogenesis of atherosclerosis. Previous studies have shown an
upregulation of ACE in atherosclerotic plaques. There is genetic
polymorphism in the ACE gene (ACE I/D polymorphism) which is
strongly connected to the levels of ACE in plasma, but has also been
associated with higher risk for cardiovascular diseases. The aim of this
thesis was to investigate ACE in vitro and in vivo, in relation to
cardiovascular risk factors and CVDs. The results showed that nicotine
and nicotine metabolites increase ACE activity in human endothelial cells
in vitro. Smoking was associated with increased plasma ACE levels. This
effect might be mediated by nicotine and nicotine metabolites. These
results could explain one cellular mechanism by which smoking exerts
negative effect on the vascular system. Extract of oral snuff inhibited ACE
in human endothelial cells and in serum, whereas extract of cigarette
smoke had no effect on endothelial ACE. If these results have any
physiological relevance remains to be investigated. Cardiovascular risk
factors and CVDs were associated with increased levels of ACE in
plasma. No association between ACE D/D genotype and CVDs was
found. Based on these results we suggest that an increased level of ACE,
rather than ACE genotype, is associated with increased risk for CVDs.
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SAMMANFATTNING
Hjärtkärlsjukdomar är den vanligaste dödsorsaken i industriländer.
Åderförkalkning är den bakomliggande process som orsakar
hjärtkärlsjukdomar. En mängd olika riskfaktorer har identifierats (rökning,
högt blodtryck, diabetes etc.) men man har inte helt lyckats kartlägga
mekanismerna för hur dessa riskfaktorer leder till förkalkning av kärlen.
Renin-angiotensin-aldosteron-systemet är ett av de viktigaste systemen i
kroppen vad gäller reglering av blodtryck och vätske- och saltbalans.
Angiotensin-converting enzyme (ACE) är ett nyckelenzym i reninangiotensin-aldosteron systemet och omvandlar angiotensin I till den
aktiva peptiden angiotensin II. ACE är en central parameter för normal
reglering av blodtryck, men man tror även att det är en viktig faktor för
uppkomst av åderförkalkning. Tidigare studier har visat att individer med
åderförkalkning har en ökad mängd ACE i det förkalkade området. Det
finns en genetisk variation i genen för ACE som är starkt kopplad till
mängd ACE i blodet. Ett antal studier har visat ett samband mellan denna
genvariation och risken att drabbas av hjärtkärlsjukdomar, medan andra
studier inte funnit detta samband. Syftet med denna avhandling var att
undersöka ACE i relation till risk faktorer för hjärtkärlsjukdomar och
förekomst av hjärtkärlsjukdomar. Resultaten visar att nikotin och
levernedbrytningsprodukter av nikotin (nikotinmetaboliter) ökar
aktiviteten av ACE i mänskliga endotelceller, den celltyp som täcker
insidan av alla blodkärl. Dessutom visades att rökning resulterar i en ökad
mängd ACE i blodet. Det är tänkbart att denna effekt orsakas av nikotin
och nikotinmetaboliter och skulle kunna vara en mekanism för hur
rökning ger upphov till hjärtkärlsjukdomar. Snus däremot minskade
aktiviteten av ACE, medan cigarrettrök inte hade någon effekt. Dessutom
visades att både riskfaktorer för hjärtkärlsjukdomar och förekomst av
hjärtkärlsjukdomar resulterar i en ökad mängd ACE i blodet och vi
föreslår att mängden ACE är en viktigare faktor än ACE-genvariant, vad
gäller risken för att drabbas av hjärtkärlsjukdom.
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BACKGROUND
Cardiovascular diseases (CVDs) are the most common cause of death in
Western countries. Smoking, hypertension, diabetes mellitus (DM) and
hypercholesterolemia are considered major risk factors. However, the
underlying mechanisms by which these factors cause CVDs are not
entirely clear. The renin-angiotensin-aldosterone system (RAAS) is one of
the most important systems regulating blood pressure and cardiovascular
homeostasis and appears to have an important role for development of
CVDs. This thesis focuses on angiotensin-converting enzyme (ACE), a
key enzyme in RAS, and its connection to cardiovascular risk factors and
CVDs.

The endothelium
The inside of all healthy blood vessels is covered by a monolayer of
vascular endothelial cells. For a long time, the only known function of the
endothelium was to serve as a barrier that separates the circulating blood
from the vessel wall. Today, we know that the endothelium plays a critical
role in the control of vascular function. Under physiological conditions the
endothelium produces and releases a number of vasoactive substances
including nitric oxide (NO), prostacyclin (PGI2), endothelium-derived
hyperpolarizing factor, thrombomodulin and tissue type plasminogen
activator. Activation of endothelial cells, as can be induced by cytokines
or vessel injury, results in production and release of
procoagulant/prothrombotic factors such as platelet-activating factor and
von Willebrant´s factor. In addition, the endothelium expresses a number
of adhesion molecules that are crucial for the transendothelial migration of
leucocytes into an inflamed tissue. Endothelial cells also express ACE,
which will be described in detail in the following sections. Endothelial
dysfunction is considered a key factor in the development of
atherosclerosis1. The term endothelial dysfunction has no precise
definition, but often refers to an impaired response to endotheliumdependent vasodilators2. The underlying mechanisms causing endothelial
dysfunction are not entirely clear, although production of reactive oxygen
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species (ROS) most likely contributes to this phenomenon3. An impaired
endothelial function results in reduced capacity to produce NO, increased
endothelial permeability, enhanced platelet aggregation, and leucocyte
adhesion as well as generation of chemokines, which contributes to a
prothrombic state1.

The renin-angiotensin-aldosterone system
RAAS is a powerful system regulating fluid-electrolyte balance and
systemic blood pressure. Renin is a proteolytic enzyme synthesized, stored
and secreted from the juxtaglomerular apparatus in the kidneys. The
release of renin is triggered by a number of physiological stimuli,
including PGI2, decreased Na+ concentration in the distal tubule, reduced
arterial pressure, renal sympathetic nerve activation and stimulation of β1receptors. Following secretion, renin acts upon the plasma protein
angiotensinogen forming angiotensin I (ang I). Ang I has mild
vasoconstrictor properties but not enough to cause significant functional
changes. Ang I is further converted to angiotensin II (ang II) by ACE.
Although ACE is the major catalyst for the conversion of ang I to ang II,
other enzymes including tissue plasminogen factor, cathepsin G, tonin and
chymase can also catalyze the conversion4.
Ang II is considered the main effector peptide of the renin-angiotensinsystem (RAS). Binding of ang II to specific receptors activates a number
of different events in various tissues and cell types5. Four types of ang II
receptors have been identified; AT1-AT46. Most of the cardiovascular
effects are generated through the AT1 receptor6. The role of the AT2
receptor is not as well characterized, but seems to counteract some of the
processes mediated by the AT1 receptor7. The function of the AT3 receptor
is unknown, whereas the AT4 receptor has been identified in a wide range
of tissues including adrenal gland, kidney, lung and heart and seems to
have a role in learning and memory processing, modulation of glucose
uptake into cells8 and release of plasminogen activator inhibitor I9.
Ang II plays an important role in blood pressure regulation by inducing
arteriolar constriction, release of aldosterone from the adrenal medulla and
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enhanced secretion of vasopressin, resulting in increased reabsorption of
Na+ and water in the kidneys. Ang II also induces several
pathophysiological actions involved in the atherosclerotic process, such as
proliferation and migration of smooth muscle cells, generation of ROS,
lipid peroxidation and formation of foam cells4,10. Furthermore, it seems as
if ang II is involved in the vascular inflammatory response, by activating
the recruitment of inflammatory cells to the injured arteries11. In addition,
ang II induces negative feedback inhibiting the release of renin from the
juxtaglomerular cells.
The degradation of ang II by a number of different enzymes occurs only
seconds after its formation, giving rise to other angiotensin peptides5.
During the last decades, a number of new angiotensin peptides have been
identified, and it has become evident that RAS is a more complex system
than previously thought. Ang 2-8 acts through the ang II receptors AT1
and AT2 and generates similar physiological effects as ang II5. Ang 3-8 is
involved in regulation of blood flow, neural development and learning and
memory5. Ang 1-7 is produced from the precursor ang I and the
conversion can be catalyzed by a number of endopeptidases, including
neprilysin and prolyl-oligopeptidase12. It is believed that ang 1-7
counteracts the effects caused by ang II12. Ang 1-7 act through specific
receptors (Mas receptors), but have also been reported to activate the AT2
receptor13. Ang 1-7 have antihypertensive, antihypertpophic, antifibrotic
and antitrombotic properties5,13 In addition, ang 1-7 has been shown to be
cardioprotective and it has been suggested that ang 1-7 has a role in the
protective effect of ACE inhibitors (ACEi)12.

Angiotensin converting enzyme
ACE (EC 3.45.15.1) was first discovered in the 1950s by Skeggs and
colleagues, who discovered an enzyme which could convert ang I to ang II
(called hypertensin I and hypertensin II at that time)14. This enzyme was
called “converting enzyme“. A number of years later Yang and colleagues
identified an enzyme in human blood, designated kininase II, which was
able degrade bradykinin15. Converting enzyme and kininase II was later
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shown to be the same enzyme16,17 and today the enzyme is referred to as
angiotensin-converting enzyme.
ACE is a dipeptidyl carboxypeptidase that exists in 2 isoforms. Somatic
ACE is expressed in various tissues and cell types including the
cardiovascular system, kidneys, intestine, adrenal gland, liver, uterus etc18,
whereas testicular ACE only can be found in sperm cells19. Both isoforms
have a hydrophobic trans-membrane domain and a short cytoplasmic
fragment20. Somatic ACE has two homologous domains with 2 catalytic
sites and Zn2+ binding regions20,21, whereas testicular ACE only has one
extracellular domain, and subsequently only one catalytic site22. A few
years ago, a homologue of ACE (ACE2) was identified in humans23,24.
ACE2 catalyzes the degradation of ang I to ang 1-9 and the conversion of
ang II to Ang 1-7. The distribution of ACE2 is more restricted compared
to ACE and has been identified in the human heart, kidney and tesis23,24.
In the vascular system, ACE exists circulating in the blood and bound to
the membrane of different cell types, including vascular endothelial
cells25. ACE is located on the luminal side of the endothelium with the Cterminal anchored to the plasma membrane20. Circulating ACE originates
mainly from endothelial cells and has been released into the blood after
proteolytic cleavage of the anchor26,27. ACE has also been identified in
t-lymphocytes29
and
vascular
smooth
muscle
cells28,
30,31
monocytes/macrophages . Due to the high vascularisation, the lungs are
the major site for production of circulating ACE. Besides being an
important enzyme for the conversion of ang I to ang II and degradation of
bradykinin, ACE acts on a number of other natural substrates, including
enkephalin, neurotensin and substance P32.
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Regulation of ACE
There is a large inter-individual variation in the amount of circulating
ACE33. Approximately 20-50% of the variation can be accounted for by
the ACE I/D polymorphism33-35, as described in detail in the next section.
However, serum ACE activity seems to be relatively stable when
measured in the same individual at different occasions36.
ACEi alter the activity and expression of ACE in vivo and in vitro. The
direct effect of ACEi treatment is a decreased serum ACE activity37,38.
However, a number of studies have shown that ACEi induce an increased
expression and activity of ACE in cultured endothelial cells39,40, cultured
human macrophages40, t-lymphocytes41 and in human serum38,42,43,
probably due to a compensatory synthesis of the enzyme. Furthermore,
rats treated with ACEi showed increased ACE expression in several
tissues38,44, however no effect can be seen on testis ACE44. In addition,
treatment with angiotensin II receptor blockers (ARBs) or renin inhibitors
have no effect on the expression of ACE44.
Results from our laboratory and others have showed that NO regulates
ACE45-49. NO-releasing compounds inhibit ACE in a dose dependent
manner and NO released from the endothelium reduces the conversion of
ang I to ang II45. In addition, it has been shown that shear stress reduces
ACE activity46. However, other results indicate that NO regulates ACE
under static conditions but has no effect under shear stress47. Results from
our laboratory showed that NO-donors inhibit ACE in cultured human
endothelial cells49 and that NO generated from glyceryl-trinitrate inhibits
ACE in human serum in vivo48.
Statins are lipid lowering drugs, effective in treatment and prevention of
CVDs. Atorvastatin has been reported to inhibit induction of ACE by
vascular endothelial growth factor (VEGF) in endothelial cells50.
Upregulation of ACE in differentiating human macrophages is also
reduced by atorvastatin51. Unpublished results from our lab however
indicate that simvastatin and pravastatin increase ACE activity in human
umbilical vein endothelial cells (HUVECs) in a dose-dependent manner.
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In addition, thyroid hormone, glucocorticoids and steroids have been
shown to induce an increased ACE activity in cultured endothelial cells
from different origins30,52,53, whereas estradiol reduces the expression of
ACE in rat kidneys, lungs and aorta54, suggesting that ACE is under
hormonal control. However, no association was found between hormonal
parameters and the level of ACE in plasma55. Other substances that have
been shown to regulate ACE are; atrial natriuretic peptide56, cyclic
adenosine monophosphate56,57, extract of Panax ginseng58, phorbol
ester59,60, platelet activating factor61, tea flavanoids62 and VEGF63.

Genetics
The gene encoding ACE is located on chromosome 17q23. This gene
encodes both ACE isoforms, but has two different promoters resulting in
different mRNAs64. There is a genetic variation within the gene, a 278
base pair insertion/deletion (I/D) polymorphism, resulting in three
different ACE genotypes: I/I, I/D and D/D65. As the polymorphism is
located in an intron, it will not affect the structure of the enzyme,
However, the polymorphism is strongly connected to the level of ACE in
plasma, where I/I, I/D and D/D have low, medium and high levels
respectively33,34. In addition, the expression of ACE in T-lymphocytes29
and in human cardiac tissue66 is also influenced by the ACE I/D
polymorphism, suggesting that tissue ACE and circulating ACE are under
similar genetic control67. Furthermore, increased conversion of ang I to
ang II have been reported in carriers of the D/D genotype compared to
I/I68. The genotype frequencies for ACE are different in different ethnic
groups69-71. In most studies, the frequency of the D/D genotype in
Caucasian and African American populations varies from 25% to 30%,
whereas in Asian populations less than 20% carry the D/D genotype69-71.
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Circulating and tissue RAS
RAS was previously thought to be an endocrine system. However, over
the last 10-15 years it has become evident that RAS also exists locally in
many tissues72. All components of RAS including renin, angiotensinogen,
ang I, ang II and ACE, have been identified in a number of different
tissues72. Only about 10% of ACE in humans exists circulating in the
plasma, the remaining can be found bound to the membrane in different
cells and tissues73,74. If the circulating level of ACE reflects the level of
ACE in tissues is still unknown. It has been suggested that circulating
RAS is important for short-term regulation of cardiovascular homeostasis,
whereas local RAS plays a central role in the long-term regulation of
homeostasis and appears to have a role in cardiovascular disease72. Renin
is the rate limiting step in the circulating RAS, whereas the role of renin in
tissue RAS has not been clarified.

Outside-in-signalling
Quite recently the “outside-in-signalling concept” was proposed by Ingrid
Fleming´s group75-77. Using cultured endothelial cells, they were able to
show that ACEi and bradykinin induce an intracellular signalling pathway
in endothelial cells. This pathway involves phosphorylation of casein
kinase 2, c-Jun N-terminal kinase and MAP kinase kinase and generates
altered gene expression of ACE and cyclooxygenase-275-77. They suggest
that signalling mediated by ACEi and bradykinin may be an important
physiological mechanism75,78. Activation of this pathway by ACEi may
account for some of the beneficial effects these drugs have on the
cardiovascular system74.
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ACE in diseases
ACE has been extensively studied in the context of cardiovascular
homeostasis, and sevaral studies have suggested that ACE is an important
factor in CVDs72,79,80. However, ACE seems to be involved in
development of other diseases as well81,82.

Cardiovascular diseases
In 1992, Cambien and colleagues reported an association between ACE
D/D genotype and myocardial infarction (MI), especially in patients
considered to be at low risk79. Since then, extensive research has been
performed examining the association between ACE genotype and
cardiovascular diseases. Besides MI, the D/D genotype has been
associated with a number of different cardiovascular complications,
including coronary artery spasm, coronary artery disease83, coronary artery
calcification84, heart failure85, hypertension86,87, left ventricular
hypertrophy88-90 and stent restenosis91-93. However, several studies have
failed to show any association94-96. A large meta-analysis including a total
of 32715 individuals reported that small studies often found an association
between D/D genotype and hypertension, ischemic heart disease (IHD)
and ischemic cerebrovascular disease, whereas a larger study including
more than 10000 subjects could not find this association97. Today, there is
no consensus regarding the importance of ACE genotype for CVDs. A
feedback mechanism has been suggested in healthy individuals
neutralising genetically enhanced ACE levels in D/D carriers98.
A number of studies have shown upregulation of ACE in different
vascular diseases. Atherosclerosis is the underlying process causing many
different CVDs. Accumulation of ACE has been reported both in early
and advanced atherosclerotic lesions99,100 and in the aortic wall in
hypertensive rats101. In the atherosclerotic plaque, ACE is mainly localized
to regions where the infiltration of inflammatory cells is high100.
Furthermore, increased ACE levels in plasma and in the atherosclerotic
plaque have been associated with increased risk for stent restenosis91,92.
The expression of ACE in the normal healthy heart is relatively low, with
the majority found in the endothelium of arteries and arterioles102.
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Upregulation of cardiac ACE has been shown in hypertrophized hearts103,
in experimental heart failure104, and both cardiac and circulating ACE are
enhanced in patients who have suffered a MI35,105. In addition, ang II has
been shown to induce protein synthesis in the intact heart106 and is
considered an important factor contributing to the development of cardiac
hypertrophy73.

Other diseases
DM is considered a major risk factor for CVDs. A number of studies have
demonstrated that patients with DM have increased levels of circulating
ACE compared to healthy controls81,107. In addition, elevated serum ACE
levels have been shown in DM patients with cardiovascular
complications107 or diabetic nephropathy108. Furthermore, a correlation
was reported between serum ACE levels and glycosylated hemoglobine109,
which reflects the average blood glucose concentration over a prolonged
period of time. A few studies indicated a possible association between
ACE D/D genotype and type 2 DM (T2D) 110and the D/D genotype have
also been associated with both diabetic and non-diabetic renal
disease111,112. In addition, carriers of D/D genotype have been associated
with increased sensitivity to insulin112.
Several studies have reported an association between the ACE I/D
polymorphism and Alzheimer’s disease (AD)82,113. It has been reported
that ACE levels are increased in hippocampal, parahippocampal and
temporal cortex, but decreased in cerebrospinal-fluids in patients with
AD113. Furthermore, a few in vitro studies have reported that ACE can
degrade β–amyolid114,115, a protein which is important in AD, indicating a
possible role for ACE in development of AD and that a high ACE level
could be protective against AD.
Sarcoidosis is a multisystem granulomatous disease with different clinical
manifestations. The pathogenesis of the disease is unknown although both
genetic and environmental factors seem to be important116,117. Most people
with sarcoidosis have elevated levels of ACE in serum116,118 and
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determination of serum ACE is used as a tool for diagnosis and to monitor
the disease117.

Pharmacological inhibition of RAS
ACEi are first-line therapy for patients with hypertension and heart failure.
A number of large clinical trials have been conducted evaluating the
cardioprotective effects of ACEi; EUROPA119, GISSI-3120 and
120
HOPE121. These studies provide convincing evidence that ACEi
decrease overall mortality and reduce the incidence of MI, stroke and
heart failure. In most people, ACEi lower mean, diastolic and systolic
blood pressure but only a small part of the beneficial effects of ACEi
seems to be due to a reduction in blood pressure121.
ARBs are a quite recent developed class of drugs that block the effect of
ang II at the receptor level and thereby inhibit the biological effects of ang
II122. ARBs can be used for treatment of hypertension where the patients
are intolerant to ACEi therapy. In addition to the blood pressure lowering
properties, ARBs also provide cardiovascular protection123.
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Tobacco
Tobacco consumption
According to statistics from the World Health Organization (WHO), more
than 5 million people die every year from lung cancer, CVDs and other
diseases as a consequence of tobacco use124. Since cigarettes were
introduced on the market in the beginning of the 20th century, the global
consumption has been rising continuously, and today over 15 billion
cigarettes are smoked worldwide every day125. In 1980 more than 30% of
the adults in Sweden were smokers, but the cigarette consumption in
Sweden has declined since then, and in 2006 14% of the adult population
were smokers126. In developing countries, however, the use of tobacco still
increases125. Oral tobacco is used in different forms throughout the
world125. In Sweden, oral snuff (snus) has been used for about 200 years,
and today, about 20% of the adult Swedish men, and 2-3% of the women
are daily snuff users127.

Nicotine and nicotine metabolites
Nicotine is a naturally occurring alkaloid found in many plants, e.g.
Nicotiana tabacum (Solanaceae). It is absorbed through the oral cavity,
skin, lung and gastrointestinal tract128. The rate of absorption is a pH
dependent process; increased pH enhances the absorption of nicotine128.
Following absorption, nicotine is metabolized mainly in the liver, to a
number of metabolites. There are several individual differences in the
pattern of nicotine metabolism, but the pattern appears to be consistent for
an individual at different times129. On average, 70-80% of the nicotine is
metabolized to cotinine130, about 4% is converted to nicotine-1´-N-oxide
and 0,4% to nornicotine129. Cotinine is further metabolized to cotinine-Noxide, norcotinine and trans-3´-hydroxycotinine, among others129. For
most people, trans-3´-hydroxycotinine is the most abundant metabolite in
urine, accounting for 38% of the metabolites129. The cytochrome P450
2A6 (CYP2A6) isoenzymes play a central role in the metabolism of
nicotine131. There is a genetic polymorphism in human CYP2A6 gene,
which to some extent may explain the differences in nicotine
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metabolism132. The half-life of nicotine is approximately 2-3 hours129,133
and plasma nicotine concentration in smokers usually range between 2040 ng/ml (0.12-0.25 µM)129,133. The nicotine metabolites have considerable
longer half-lifes compared to nicotine, on average 16-17 hours130,134.
Because of the long elimination time, levels of nicotine metabolites tend
to accumulate throughout the day130 resulting in high plasma
concentrations for cotinine and trans-3´-hydroxycotinine in tobacco
users130,135.

Cardiovascular effects of tobacco use
There is a strong association between cigarette smoking and risk for
atherosclerosis and other CVDs136-138. Cigarette smoke is a complex
mixture of chemical substances, containing not only nicotine, but also a
number of potentially cardiotoxic substances139. The underlying
mechanisms by which smoking induce CVDs are not entirely clear, but
are most likely multi-factorial. Use of oral snuff, where nicotine is
absorbed through the oral mucosa, and nicotine infusion have been shown
to cause endothelial dysfunction140,141. In addition, a large-scale study has
shown that long-term use of snuff is associated with an increased risk of
fatal MI142. The role for nicotine in the development of CVDs in tobacco
users is unknown.
Nicotine gum and patches are commonly used as smoking cessation
therapy, and nicotine has been evaluated as a therapeutic agent for
ulcerative colitis, AD and Parkinson143. Nicotine affects vascular biology
in many ways and some of the mechanisms are well characterized. By
activating the sympathetic nervous system, nicotine induces increased
heart rate, myocardial contraction, vasoconstriction in the skin and
coronary blood vessels and induces adrenal and neural release of
catecholamines143. Using heart rate as a marker of sympathetic neural
activation, it has been reported that the sympathetic nervous system is
activated 24 hours a day, during regular smoking144. Results from studies
in cholesterol-fed rabbits have indicated that treatment with nicotine
accelerates the development of atherosclerosis145,146. However, the
relevance of these findings to human atherogenesis has been questioned143.
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In male squirrel monkeys, long-term administration of nicotine has been
reported to affect lipid metabolism; generating an atherogenic lipoprotein
profile with increased levels of low-density lipoprotein and decreased high
density lipoprotein/total cholesterol ratio147. In healthy non-smokers,
however, oral nicotine administration for 2 weeks did not affect the lipid
profile148. Furthermore, a few studies have suggested that nicotine
increases platelet activity149, however, most studies report no effect of
nicotine on platelet function150,151. In endothelial cells, nicotine has been
shown to induce changes in various atherosclerosis-related genes,
including nitric oxide synthase152, platelet-derived growth factor153, basic
fibroblastic growth factor154 and VEGF. In addition, nicotine has also been
reported to cause morphological changes in endothelial cells155, increased
endothelial cell death156 and enhanced trans-endothelial transport of
macromolecules157. A number of studies have also demonstrated that
nicotine can cause acute endothelial dysfunction in animal models152,158,159
and humans141,160. There are quite limited data on the effect of nicotine on
ACE. A few early in vivo studies have been performed suggesting that the
acute effect of smoking and nicotine infusion is an increased plasma ACE
activity161,162, whereas long-term use generates the opposite response163,164.
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AIM
The aim of this thesis was to investigate ACE in relation to cardiovascular
risk factors and CVDs.
In paper I, we studied the effect of nicotine and nicotine metabolites on
ACE in vitro. We also examined if the effect of nicotine and nicotine
metabolites is influenced by ACE genotype.
In paper II, we investigated variations in plasma ACE level in order to
elucidate the associations between circulating ACE levels, ACE genotype,
known cardiovascular risk factors and CVDs in an elderly population.

AIM │23

MATERIALS AND METHODS
Materials and methods have been described in detail in paper I and II. This
section will therefore only include a summary of some methods and some
methodological considerations.

Culture of endothelial cells, paper I
Most of the results in paper I are based on experiments performed in
HUVECs. The method for isolation and ccultivation of HUVECs was first
described by Jaffe and colleagues165. Umbilical cords are by far the most
used source to obtain human endothelial cells. As the umbilical cords are
readily available and have unbranched vessels of decent size, they are
suitable for isolation of endothelial cells.
Umbilical cords were collected from the delivery ward at Linköping
University Hospital, Sweden after normal vaginal deliveries without
complications. Informed consent was obtained from the mothers. The
umbilical vein was treated with collagenase to make the endothelial cells
detach from the underlying extracellular matrix. The collagenase solution
containing endothelial cells was collected and endothelial cells were
seeded in culture flasks. The extracellular matrix to which endothelial
cells are attached in the blood vessels is a complex network consisting of a
number of macromolecules such as collagen, elastin, fibronectin, laminine
and proteoglycans. Endothelial cells that are grown on uncoated plastic
have low spontaneous proliferation and relatively high apoptosis, whereas
growth on surfaces of collagen, fibronectin or gelatin is more optimal166.
In this thesis HUVECs were grown on surfaces consisting of 0.2% gelatin.
HUVECs were cultured in cell culture medium containing endothelial cell
growth factor, heparin, HEPES, insulin, nonessential amino acids,
oxalacetic acid, penicillin, streptomycin, and 17% heat-inactivated fetal
bovine serum. Since HUVECs are primary culture cells they have limited
life span and culturing for more than 2-3 passages results in a reduced
proliferation rate. In addition, it has also been reported that the expression
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of ACE in HUVECs is reduced by cultivation59 and HUVECs were thus
used at the first or second passage.

Study population, paper II
The study population used in paper II was based on 672 individuals (321
men, 351 women) aged 69-87. In 1999, all inhabitants aged 64-82 in
Kinda municipality, Sweden, (n=1130) were invited to take part in a
longitudinal study investigating the prevalence of heart failure. A total of
876 individuals agreed to participate. A few years later (2003-2005), all
participants were re-invited to take part in a follow-up study. A total of
123 individuals had died before the follow-up study started and 675 of the
remaining population decided to participate. Two individuals were
excluded from the study due to difficulties obtaining a blood sample and
one individual was excluded due to hepatitis infection, resulting in a final
study population of 672 individuals. All data included in this study are
based on the follow-up study.

Data sampling, patient history and
definitions, paper II
A cardiologist performed a physical examination of all participants. Blood
pressure was determined, with subjects in the supine position after at least
30 min rest, using a sphygmomanometer. Mean value from three
consecutive measurements was calculated, and according to clinical
routine, adjusted to the nearest 5 mmHg. Blood samples were drawn after
overnight fasting and plasma was prepared by centrifugation. Blood and
plasma were stored at -70°C pending analysis. Height and weight were
recorded, body mass index (BMI) calculated and fasting plasma glucose
concentrations determined. Patient history concerning cardiovascular risk
factors, CVDs, and medications were recorded by the examining
cardiologist. DM was defined as fasting plasma glucose >7mmol L-1 or
diagnosis of DM with ongoing treatment. Dyspnea was defined as a
subjective sensation of difficulty in breathing. Individuals diagnosed and
treated for hypertension, or a blood pressure >160/95 mmHg, were
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defined as hypertensive. IHD was defined as history of angina pectoris,
treatment of angina pectoris and/or history of MI. Heredity for CVDs was
defined as mother, father or siblings having a history of hypertension,
stroke or MI. Individuals who stated that they smoked were considered to
be smokers.

Measurement of ACE activity and level
We used two different methods in order to determine ACE activity (Units,
U) and ACE level (ng/ml). ACE activity was measured using a
radioenzymatic assay (ACE-direct REA, Bühlmann Laboratories,
Schönenbuch, Switzerland). The principle for the assay is based on the
cleavage of the synthetic substrate 3H-hippuryl-glycyl-glycine into 3Hhippuric acid and glycyl-glycine dipeptide. This conversion is catalyzed
by ACE. Adding of HCl stops the enzymatic reaction and the scintillation
cocktail separates the 3H-hippuric acid from the unreacted substrate. The
amount of 3H-hippuric acid is measured using a beta-counter and can be
used to calculate ACE activity. One unit ACE is defined as the amount of
enzyme required to produce 1 µmol hippuric acid per minute and liter.
The level of ACE in was measured using enzyme-linked immunosorbent
assay (ELISA) (Quantikine, Human ACE Immunoassay, R&D Systems,
Minneapolis, USA). The principle for the assay is as follows; monoclonal
antibodies specific for ACE are coated on the bottom of a microplate.
When serum, plasma or cell lysate are added to the wells, ACE will bind
the antibodies. After washing away unbound substances a polyclonal
antibody directed against ACE is added followed by an enzyme, which
will be linked to the polyclonal antibody. Thereafter, a substrate, which
will be converted to a coloured compound, is added. The amount of
colour, which is proportional to the amount of ACE in the samples, is
measured using a spectrophotometer.
In order to determine whether the activity correlates to the level of the
enzyme, both ACE activity and level was analysed in serum samples from
21 individuals and in HUVECs from 15 individuals. HUVECs were subcultured in 96-well plates for analysis of ACE activity and in 24-well
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plates for analysis of ACE level. A previous study has shown a strong
correlation between ACE activity and ACE level in plasma, determined by
similar methods55. As shown in Figure 1, we found a strong correlation
between ACE activity and level in both HUVECs and serum.
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Figure 1. Correlation between ACE activity and ACE level in A) HUVECs
(r2 = 0.7583, p <0.0001) and B) serum from healthy individuals (r2 = 0.4666,
p = 0.0006).
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ACE genotyping
The first method for determination of ACE-genotype was described in
1990 by Rigat et. al. A few years later Shanmugam and colleagues
reported that this method resulted in mistyping of a number of subjects,
where carriers of the I/D genotype were identified as D/D carriers167. As
many as 10-49% of subjects previously identified as D/D carriers have
been retyped as I/D carriers using improved methods168-170. To avoid
mistyping, we used a modified multiplexed polymerase chain reaction
(PCR) method previously described171. In this method, three primers were
used, which allows detection of a 237 bp fragment for the deletion allele,
and two fragments, 155 bp and 525 bp, for the insertion allele (Figure 2).
The amplified DNA was separated by gel electrophoresis and visualized
by UV-light. ACE genotype was determined based on the number and
length of the fragments. If there were the least uncertainty about the result,
the samples were reanalysed.

Figure 2. PCR products separated by gelelectrophoresis and visualised by
UV-light. The D/D genotype results in one band at 235 bp, I/I genotype two
bands at 155 and 525 bp and the I/D genotype generates all three bands.
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Tobacco extracts
In addition to the experiments described in paper I and II, a few pilotexperiments have been performed studying the effect of oral snuff extract
(OSE) and cigarette smoke extract (CSE) on ACE activity in human serum
and/or in HUVECs.
OSE was prepared using a modified method first described by Petro and
colleagues172. Ten grams of oral snuff (Ettan Lös, Swedish Match,
Stockholm, Sweden) were mixed with 100 ml of phosphate-buffered
saline (PBS). The mixture was incubated for 2 hours at 37°C followed by
centrifugation for 10 min at 450 g. The supernatant was re-centrifuged for
1 hour at 13000 g. The remaining solution was sterilized using a 0.2 μm
filter and pH was adjusted to 7.4. OSE was stored in aliquots at -70°C.
The filtered solution was considered to be 100%.
CSE was prepared as described by Su et al.173 with a few modifications.
Camel cigarettes (R. J. Reynolds Tobacco Company, Winston-Salem, NC,
USA) were combusted using the equipment shown in Figure 3. Smoke
from two cigarettes was drawn through 10 ml PBS, pre-warmed to 37°C
using water suction at a constant flow. Each cigarette was smoked for 5
min ±30 sec. The solution was sterilized using a 0.2 μm filter and the
filtered solution was considered to be 100%. CSE was prepared 30 min
prior to use.

Figure 3. Illustration of the equipment used for preparation of cigarette
smoke extract. Smoke from two cigarettes was drawn through 10 ml prewarmed phosphate-buffered saline using water suction at a constant flow.
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Analysis of nicotine content in tobacco
extract
In order to compare effects of nicotine and tobacco extracts, nicotine
content in the extracts were analysed. High-performance liquid
chromatography (HPLC) was used to separate nicotine from other
constituents and nicotine content was quantified using a UV detector.
Chromatography is a physical separation method where the components in
a mixture are distributed between two phases, one is stationary (the
stationary phase), while the other (the mobile phase) moves in a definite
direction. In HPLC the mobile phase is a liquid, delivered under high
pressure to ensure constant flow and reproducible chromatography. The
stationary phase is packed onto a column capable of withstanding high
pressures. Samples are injected into a stream of mobile phase which is
driven by a pump through the column. Due to interactions with the
stationary phase, the substance of interest passes slowly through the
column before reaching the detector. The retention time refers to the time
it takes for a substance to pass through the column, and results in an
absorption peak at the detector. Quantification of a specific substance is
possible if the substance is separated from other substances absorbing UV
at the same wavelength. The area and/or height of the chromatographic
peak will be proportional to the amount of substance injected into the
column.
Our system consisted of a P680 HPLC pump from Dionex (Sunnyvale,
CA, USA), and a Gina 50 autosampler and a photo-diode array UVdetector UVD340U from Gynkotek (Germinger, Germany). The column
was an X-bridge C18 3 µm, 3x100 mm from Waters (Milford, MA, USA).
Samples were separated using a mobile phase consisting of 5:95 (v/v)
acetonitrile:ammonium formiate 10 mM, pH 4.2, at flow rate of 500
µl/min. Each sample was injected into the HPLC system in a volume of 20
µl and nicotine was detected at a wavelength of 260 nm. The run time for
each sample was 4 min and the retention time was 2.3 min (Figure 4). A
standard curve was constructed using 25, 50, 100 and 250 µM of nicotine.
CSE was diluted 1:1-1:5 in mobile phase, while OSE was diluted 1:25.
The between-day relative standard deviation (RSD) and precision were
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≤8% and 98-101%, respectively (n=4 for 2 different concentrations) and
the within-day RSD and precision were ≤9% and 96-103%, respectively
(n=4 for 2 different concentrations).
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Figure 4. Typical chromatogram for the HPLC method used for
quantification of nicotine in tobacco extracts. AU = absorbance unit,
Rt = retention time
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Statistical methods
In paper I, one-way ANOVA for repeated measures followed by Dunnett´s
post-hoc test was used. Statistical analyses were performed using
GraphPad prism version 4 (GraphPad Software Inc., San Diego, CA,
USA).
In paper II, a number of different statistical methods were used. One-way
ANOVA, followed by Bonferroni post-hoc test was used to compare mean
values for continuous data between the three genotypes or between groups
based on number of risk factors. Chi-square test was used for distinct
variables. Correlation analysis was performed in order to study the
relationship of ACE level (ng/ml) and ACE activity (U). The influence of
cardiovascular risk factors and CVDs on plasma ACE level was analyzed
using multi-way ANOVA, where main effects and 2-way interactions
were analysed. Interactions that were statistically significant (p<0.05)
were included in the final analysis. Effect of cardiovascular medications
on plasma ACE was analysed in a separate model using multi-way
ANOVA, where only main effects were analysed. Statistical analyses were
performed using SPSS 14.0 for Windows (SPSS Inc., Chicago, Illinois,
USA).
For unpublished results regarding the effect of tobacco extract on ACE,
one-way ANOVA for repeated measures followed by Dunnett´s post-hoc
test was used. Statistical analyses were performed using GraphPad prism
version 4 (GraphPad Software Inc., San Diego, CA, USA). Data were
presented as mean value ± SEM
Results are presented as mean values, unless otherwise stated. P-values
<0.05 were considered statistical significant. Statistical significance was
described with: * = p<0.05 and ** = p<0.01 and *** = p<0.001
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RESULTS & DISCUSSION
Effect of tobacco use on ACE, paper I &II
There is no doubt about the negative impact smoking has on the
cardiovascular system. The effect of smokeless tobacco however, (e.g oral
snuff) is more controversial. We studied the effect of nicotine, nicotine
metabolites, smoking and oral snuff on ACE in order to elucidate the role
of ACE in development of CVDs in smokers and to shed light on the
possible impact of oral snuff on the cardiovascular system.

Effect of nicotine and nicotine metabolites on ACE,
paper I
The effect of nicotine and nicotine metabolites on ACE in human
endothelial cells and in human serum was examined in paper I. We used
the five most abundant metabolites found in plasma from tobacco users;
cotinine, cotinine-N-oxide, nicotine-1´-N-oxide, norcotinine, and trans-3´hydroxycotinine129,130. Nicotine and nicotine metabolites were used in
concentrations ranging from 0.1 to 10 µM, which is comparable to the
levels observed in plasma in smokers129,133.
Results showed that nicotine and nicotine metabolites increased both
activity and expression of ACE in HUVECs. The effect on ACE activity
was quite clear and most of the metabolites induced a dose-dependent
increase. The expression of ACE was not affected to the same extent.
Cotinine however had no effect on either ACE activity or expression.
Thus, it appears as if nicotine and nicotine metabolites increase ACE
activity by affecting both synthesis and activity of the enzyme. Pretreatment of HUVECs with a protein synthesis inhibitor further confirmed
this conclusion. If the increase in ACE activity was due to an increased
expression of the enzyme solely, incubation with a protein synthesis
inhibitor would abolish the effect of the drugs. However, nicotine could
still induce an elevation in ACE activity, although the effect was slightly
reduced at the highest concentrations.
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HUVECs were incubated with nicotine and nicotine metabolites for 10
min up to 24 hours. In a few experiments ACE activity was increased
already after 10 min and in some experiments the effect sustained for up to
24 hours. Although in most experiments an incubation time of 30 to 60
min had the greatest effect on both ACE activity and expression.
Next we were interested in examining the effect of nicotine on circulating
ACE. Therefore, ACE activity was analyzed in serum from three healthy
volunteers after 1 hour incubation with nicotine using the same
concentrations as for HUVECs. The results showed no effect of nicotine
on serum ACE. Thus, it appears as if nicotine can regulate ACE only
when it is attached to the cell membrane.
A few previous studies have examined the effect of nicotine on ACE.
Saijonma and colleagues examined the effect of nicotine alone (in
concentrations similar to those in our study) and together with vascular
endothelial growth factor on ACE in HUVECs174. They used real-time
PCR to quantify ACE mRNA and an inhibitor-binding assay to determine
ACE activity. The results showed no effect of nicotine alone after 4, 18 or
24 hours incubation, but together with VEGF nicotine potentiated the
VEGF-induced ACE up-regulation. These results are inconsistent
compared to the results from our study. Different methods and incubation
times may be reasons for these discrepancies. Zhang and co-workers
studied the effect of nicotine on ACE in cultured human coronary artery
endothelial cells showing that incubation with nicotine for 24 hours
induced an increased expression of ACE mRNA175. Although a different
cell type was used, the results are in agreement with the findings from our
study. However, in contrast to Zhang et al. our results showed an
immediate effect, as ACE was affected already after 1 hour.
In addition, Sugiyama et al showed an increased serum ACE activity in
dogs 30-60 min after intravenous administration of nicotine162, which is in
agreement with our results.
Cardiovascular effects of nicotine have been studied extensively, but there
are quite limited data regarding the effects of nicotine metabolites. As
plasma concentrations of some of the nicotine metabolites (cotinine and
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trans-3´-hydroxycotinine) are higher than nicotine, we believe that the
effects of the metabolites are important and should be addressed more
often.

Effect of tobacco extract on ACE activity in HUVEC
After studying the effect of nicotine and nicotine metabolites on ACE, we
were interested in examining whether entire tobacco products have similar
effects (unpublished results).
The results showed a dose-dependent inhibition of ACE after 1 hour
incubation with OSE (Figure 5A & B). This effect could be seen both in
HUVECs and in human serum. No effect was however seen in HUVECs
after incubation with CSE (Figure 5C). The effect of CSE on ACE in
serum was not studied. The nicotine content in 1, 5 and 10% OSE was 45,
225 and 450 µM respectively. CSE was used in concentrations of 0.1, 1
och 10%, which corresponds to a nicotine content of 0.043, 0.43 and 4.3
µM respectively.
The nicotine concentrations used in paper I were 0.1, 1 and 10 µM, which
is a bit lower compared to the OSE experiments, but quite similar to the
concentrations used in the CSE experiments. Consequently, nicotine
concentrations used in the OSE experiments were higher than it usually is
in plasma from tobacco users (0.12-0.25 µM)129,133. However, it is not
unlikely that at least the lowest concentration (45 µM) can be obtained
locally in the capillaries surrounding the oral cavity.
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Figure 5. Effect of tobacco extract on ACE activity. ACE activity in (A)
HUVECs (n=3) and (B) serum (n=4) after 1 hour treatment with OSE in
different concentrations. (C) ACE activity in HUVECs (n=3) after 1 hour
treatment with CSE in different concentrations. Values are mean ± SEM.
Statistical significance was calculated using one-way ANOVA for repeated
measures. * p<0.05, ** p<0.01
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One could argue that the high nicotine levels in the OSE experiments
probably were cytotoxic, as shown previously156, and that a decreased
ACE activity reflects a reduced viability rather than an actual effect on the
enzyme. This is however contradicted by the fact that OSE also inhibited
ACE in serum, where no cells are present. In addition, no visual signs of
toxicity could be observed when looking at HUVECs in a light
microscopy.
One previous study has reported that cigarette smoke induces a release of
ACE from cultured endothelial cells176. Alterations in the total amount or
activity of the enzyme were unfortunately not examined. Instead, they
argued that the release of ACE reflects endothelial cell injury as a
consequence of exposure to cigarette smoke. The effect of oral snuff or
other smokeless tobacco products on ACE has not been addressed
previously, and it is unknown if our findings can be applied in vivo. Oral
snuff has previously been shown to cause endothelial dysfunction140 and it
has been reported that oral snuff users face a higher risk of dying in CVDs
compared to non-users142. Although there may be an inhibitory effect of
oral snuff on ACE, the net effect on the cardiovascular system seems to be
negative140,142.
Tobacco contains numerous chemical compounds and most tobacco also
contains a number of additives. It is unknown which of these compounds
exerts the inhibitory effect on ACE, but it appears as if this compound is
present in snuff, but not in cigarette smoke, as no effect was seen by CSE.
In addition, the inhibitory effect of OSE seems to exceed the stimulatory
effect of nicotine.
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Effect of smoking on plasma ACE, paper II
Smoking was one of the risk factors for CVDs examined in relation to
plasma ACE in paper II. Subjects were classified as smokers or nonsmokers based on their own statements. Sixty three individuals stated that
they were smokers (9%), but nineteen of those were not included as they
were treated with ACEi. Approximately 5-11% of the Swedish population
older than 65 years are according to Statistics Sweden (SCB), daily
smokers177, which is similar to the number in our study.
We found that smoking was associated with increased levels of ACE in
plasma. It is possible that this effect is mediated, at least to some extent,
by nicotine and nicotine metabolites. In addition, we found an interaction
between smoking and IHD, where smokers with IHD had higher plasma
ACE levels compared to non-smokers.
Previous studies have shown that the acute effect of smoking is an
increased serum ACE activity161,162. Reports regarding the effect of longterm use have however been inconsistent163,164,178. Two small studies
including healthy volunteers showed that smokers have a decreased ACE
activity compared to non-smokers163,164. These studies did not adjust for
ACE-genotype, which might have influenced the outcome. In contrast, a
large population based study reported that smokers have higher plasma
ACE activity compared to non/former smokers178. This difference was
significantly higher among D/D and I/D carriers, whereas only a tendency
was seen among carriers of the I/I genotype. In addition, a higher risk for
coronary heart disease and CVDs in smokers was seen among carriers of
the D/D genotype compared to I/I179.
Thus, results from our and previous studies163,164,178,179 indicate that
tobacco use in some way interfere with RAS, but it appears as if the
association is rather complex. It is possible that genetic factors and/or
presence of CVDs are of importance for how tobacco use influences ACE,
but such associations remain to be investigated in future studies.
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Individual variations, paper I & II
Because of the limited life span of HUVECs and reduced expression of
ACE by cultivation59, all experiments were performed in the first or
second passage. Each experiment was performed using HUVECs obtained
from different individuals. The basal activity and expression of ACE in
untreated endothelial cells varies a lot between HUVECs from different
individuals. In our experiments, the basal ACE activity and expression
varied between 5-82 U and 10-41 ng/well respectively. As all comparisons
were made between treated and untreated cells from the same individual,
this variation should not interfere with the results. However, when mean
values were calculated this variation generated a relatively large spread. It
is likely that at least part of the individual variation is due to the ACE I/D
polymorphism. ACE levels in cardiac tissue and T-lymphocytes are under
influence of the ACE I/D polymorphism29,66, but this association has to
our knowledge not been studied in endothelial cells.
The influence of ACE genotype on ACE level in plasma was studied in
paper II and the results confirmed previous findings33-35 showing that I/I,
I/D and D/D carriers have low, medium and high plasma levels
respectively. However there were large variations in plasma ACE among
individuals with the same genotype (Figure 6) and several I/I carriers had
higher plasma ACE level than the majority of the D/D carriers. In our
study, approximately 15% of the variation in plasma ACE could be
explained by the ACE I/D polymorphism, which is lower compared to
previous studies showing that 20-50% of the variation can be accounted
for by the ACE genotype33-35. This was not very unexpected though, since
our study population was more heterogeneous (elderly men and women
with relatively high prevalence of different diseases) with more possible
interfering factors.

RESULTS & DISCUSSION │41

When examining the effect of nicotine and nicotine metabolites on ACE in
HUVECs, an individual variation in response to the drugs was observed.
We hypothesized that this variation could be due to genetic variations in
the ACE gene. Thus, ACE genotype was analyzed in cell lysate from
HUVECs and the relationship between ACE activity and genotype was
elucidated. We also examined whether the effect of the drugs were
influenced of basal ACE activity. However, no such associations were
found and the explanation for the variation remains unknown.
It appears as if there are other factors than the ACE I/D polymorphism that
influence the level of ACE. Several genetic variations, other than the ACE
I/D polymorphism, have been identified in the ACE gene, and some of
them might affect the activity of the enzyme180-182. Other factors such as
hormonal status, diet, salt intake and physical activity could perhaps
explain some of the variations, but such factors remains to be investigated
in future studies.
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Figure 6. Plasma ACE levels (ng/ml) according to ACE I/D polymorphism.
Individuals receiving ACEi are excluded. n=531 (I/I 134, I/D 243, D/D 154),
** p<0.01, *** p<0.001. I=insertion, D= Deletion
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Population based study of ACE in relation
to cardiovascular medications, risk factors
and diseases, paper II
In paper II, ACE genotype and ACE level in relation to cardiovascular
medications, risk factors and diseases, was studied. The population
consisted of 675 men and women aged 69-87 (mean age 78.2 years). An
elderly population, where the prevalence of CVDs is relatively high makes
it possible to discover accurate associations.

ACE inhibitors
A total of 141 subjects (21%) received ACEi. We demonstrated that
ACEi-therapy is associated with increased plasma ACE levels. Mean
plasma ACE level for individuals receiving ACEi was 325.4 ng/ml
compared to 200.7 ng/ml for subjects who were not treated with ACEi.
These results are in accordance with previous findings40,42,44,183 and we
suggest that this is due to a compensatory increase in synthesis of the
enzyme. As a consequence of such increase, patients treated with ACEi
could experience a rebound effect if the treatment is interrupted or
changed. Furthermore, it can be speculated that adjustment of the dose
after a few weeks of treatment could perhaps improve the effect of the
medication.
In less than 25% of individuals receiving monotherapy as treatment for
hypertension, the therapy is able to normalize the blood pressure184.
Treatment with ACEi seems to have a more pronounced effect, concerning
blood pressure, in carriers of the I/I genotype than in D/D carriers185. It is
possible that individuals with high ACE levels need higher doses of ACEi
to lower their blood pressure. Determination of ACE level in hypertensive
patients might be a useful tool to find the best blood pressure lowering
treatment.
As treatment with ACEi clearly affects the level of ACE we chose to
exclude those individuals from further data analyses concerning ACE
level.
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ACE genotype and CVDs
The first report regarding an association between ACE I/D polymorphism
and risk for MI was published in 1992 by Cambien et. al.79. This finding
generated huge scientific interest and have yielded extensive research
regarding a potential association between the ACE I/D polymorphism and
different diseases. A recent review reported that more than 100 different
conditions have been investigated in relation to the ACE I/D
polymorphism, with CVDs being most commonly studied186. The findings
by Cambien et al79. have been confirmed in a number of small studies,
whereas a large-scale study failed to find any association96.
We found no association between the D/D genotype and CVDs, instead
we found a higher prevalence of IHD among carriers of the I/I genotype
(p=0.009). I/I carriers were slightly older compared to D/D carriers (78.4
years for I/I compared to 77.5 for D/D), but this difference could not
entirely explain the higher prevalence of IHD for I/I carriers (p=0.043
after correction for age). In agreement with most previous studies187,188, no
association between ACE genotype and blood pressure was found. In
addition, we could not find any differences in BMI, plasma glucose,
medications or other diseases between the genotypes.
If the D allele is in fact associated with CVDs and increased
cardiovascular mortality, a selection bias before inclusion may have
occurred with subsequent underestimation of the importance of the
genotype. The risk for such bias is obviously higher when studying an
elderly population. However, such selection would be reflected in the
frequency of the genotypes, in favour of the I/I genotype. There are to our
knowledge no reports of such selection.
Taken together, the value of the D/D genotype as predictor for CVDs is
controversial and has been questioned repeatedly95,97. If there is an
association it still does not seem to be a very strong predictor for CVDs.
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ACE level and cardiovascular risk factors and CVDs
We reported an increased plasma ACE level in individuals with IHD
(defined as history of MI or angina pectoris). Cambien and colleagues
have previously reported increased plasma ACE levels in patients who
survived a MI35. They found higher ACE levels in patients younger than
55 years, but no difference was seen among older subjects. Our results
indicated however that this association is present among older subjects as
well.
There are several differences between our study and the study by Cambien
et al. Firstly, the study designs were different; the study by Cambien et al
was a case-control study whereas our study was a population based crosssectional study. Secondly, only men between 25-64 years were in included
in the Cambien study compared to both men and women at higher age (6987 years) in our study. Thirdly, different outcomes were studied; Cambien
et al included patients who survived a MI, whereas our study examined
individuals with IHD. Although there are a number of differences, both
studies indicate that cardiac complications generate an increased plasma
ACE level.
Hypertension was associated with increased ACE levels. A possible
explanation for such increase could be that the drugs used to lower the
pressure are the ones that induce the increase. However, since all
individuals receiving ACEi were excluded and as treatment with beta
receptor blockers showed no effect, such explanation seems unlikely.
Hypertension was defined as diagnosis with ongoing treatment or a blood
pressure >160/95 mmHg. We chose these blood pressure cut-offs as blood
pressure was measured on one single occasion and since most of the
hypertensive individuals probably received their diagnosis based on this
cut-offs. Using 140/90 mmHg as cut-offs would define almost 90% of the
population as hypertensive. A quick analysis showed no difference
between hypertensive and normotensive individuals when using the lower
cut-offs. In addition, no association was found between ACE level and
mean, diastolic or systolic blood pressure.
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We also reported that ACE levels increased with increasing number of
cardiovascular risk factors. Only risk factors that showed a statistical
significant effect or a tendency to affect plasma ACE levels were
included, i.e. DM, heredity for CVDs, hypertension and smoking.
The connection between these risk factors, atherosclerosis and CVDs is
well established, however, the role of ACE is not that clear.
As we see it, there are two possible scenarios; 1) risk factors induce an
upregulation of ACE which in turn leads to the development of an
atherosclerotic plaque, or 2) risk factors induce a development of
atherosclerosis through mechanisms independent of ACE, and the
atherosclerotic process itself leads to increased expression of ACE.
However, a combination of these scenarios is perhaps the most probable
explanation. In addition, the underlying mechanism causing
atherosclerosis is most certainly multi-factorial, where ACE only is one of
several important factors.

ACE level and diabetes
Cardiovascular complications are common in patients with DM, but the
underlying mechanisms for such complications are not entirely clear. We
reported an increase in plasma ACE level in individuals with DM
(p=0.05). These findings are in agreement with several previous
studies81,107,109, and may be explained by increased prevalence of CVDs in
the DM population189. However, no previous syudy examining ACE level
in relation to DM has considered the influence of ACE genotype. In
addition, our study does not support an association between ACE
genotype and risk for DM previously reported110.
A number of studies have reported protective effect of RAS inhibitors
against T2D190-192. A previous meta-analysis including more than 70000
subjects showed a 23% relative risk reduction for onset of T2D in subjects
treated with ACEi193. A similar beneficial effect was seen in subjects
treated with ARBs. Thus, targeting RAS might be a successful strategy to
prevent onset of T2D in “risk individuals”. The mechanism explaining the
preventive effects of RAS inhibition on onset of T2D seems to be
complex193 and the role of RAS for developing T2D remains unknown.
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Is ACE genotype or phenotype, a risk factor for CVDs?
Our study does not support an association between D/D genotype and
CVDs. Instead we found an association between plasma ACE level and
cardiovascular risk factors and CVDs. We suggest that an increased level
of ACE, rather than ACE genotype, is associated with increased risk for
CVDs. Although CVDs seem to be associated with increased plasma ACE
level, a high ACE level might not necessarily be associated with
cardiovascular complications. It has been suggested that genetically
enhanced ACE levels might be neutralized by other regulatory factors98
and disruptions in such balance might favour the atherosclerotic process.
Hence, there is a need for more studies investigating ACE genotype and
phenotype simultaneously and more knowledge about the regulation of
ACE is needed in order understand its role in human disease.

Limitations
Umbilical cords, which were used as source to obtain endothelial cells, are
a unique type of tissue that only exists under a limited time period. If
HUVECs behave in the same manner as endothelial cells from other
tissues have not been clarified. However, umbilical cords are by far the
most used source to obtain human endothelial cells.
Uptake of nicotine from cigarettes or other forms of tobacco is a quite well
studied process. However, to what extent other substances in tobacco are
absorbed into the circulation is not as well documented. The physiological
relevance of our findings regarding the inhibitory effect of OSE on ACE
activity remains thus unknown.
Furthermore, we found that cardiovascular risk factors and CVDs are
associated with increased levels of ACE in plasma. If such increase is a
cause or an effect of the disease remains unknown.
In addition, whether plasma ACE level reflects the level of ACE in tissues
has not yet been clarified
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MAIN FINDINGS & CONCLUSIONS
-

Nicotine and nicotine metabolites increase ACE activity in endothelial
cells by affecting both synthesis and activity of the enzyme. There are
however individual variations in the response. The explanation for such
variation remains unknown, but seems to be independent of ACE
genotype

-

Smoking is associated with increased plasma ACE levels. This effect
might be mediated by nicotine and nicotine metabolites. Upregulation
of ACE could be one mechanism by which smoking exerts negative
effects on the vascular system.

-

OSE inhibits ACE activity in human endothelial cells and serum. The
substance/substances responsible for such effect remain unknown, but
do not appear to exist in CSE. If these results have any physiological
relevance remains to be investigated.

-

IHD, hypertension, DM and heredity for CVDs are associated with
increased plasma ACE levels. This study does not support an
association between ACE D/D polymorphism and CVDs, but suggests
that a high level of ACE in the circulation is a risk factor for CVDs.

-

ACEi therapy induces an upregulation of ACE in plasma, and such
treatment needs to be considered in studies examining ACE.

MAIN FINDINGS & CONCLUSIONS │49

TACK
Jag skulle vilja rikta ett stort tack till alla er som på något sätt bidragit till
denna avhandling. Speciellt skulle jag vilja tacka…
Min handledare, Karin Persson, för att du givit mig möjlighet att bedriva
forskning och för att du introducerat mig till ett spännande område.
Du har gett mig bra stöd och uppmuntran, men även förtroende och
utrymme att arbeta självständigt. Det har varit väldigt lärorikt!
Min biträdande handledare, Rolf Andersson för bra synpunkter på både
delarbeten och avhandlingen.
Medförfattarna till delarbetena i denna avhandling, speciellt tack till…
Hanna Björck för ett givande samarbete, för dina insatser under arbetet
med delarbete 2 och för att du läst och haft bra synpunkter på
avhandlingens innehåll. Du är dessutom en mycket bra vän och en utmärkt
festfixare!
Toste Länne och Urban Alehagen för många givande diskussioner och
bra synpunkter under arbetet med delarbete 2.
Henrik Gréen för engagemang och ovärderlig hjälp vid analys av nikotin
i tobaksextrakten. Det var både kul och lärorikt!
Alla medarbetare på farmakologen, speciellt…
Andreas Eriksson, för alla uttömmande, men inte alltid så vetenskapliga
diskussioner kring bl.a. Don Juan, cynism och små marginaler. Dessutom
antar du alltid en utmaning trots att du oftast förlorar.
Ann-Charlotte Svensson Holm för alla trevliga promenader, jobbiga
träningspass och för att du är en mycket bra vän.

TACK │51

Caroline Skoglund för att du alltid är snäll och hjälpsam, och för alla
fiffiga presenttips.
Mina vänner från studietiden på Medicinsk Biologi, för alla trevliga
middagar, fester, resor och annat under och efter studietiden.
Mina barndomsvänner från Småland, även om det inte blir lika ofta
nuförtiden är det alltid lika kul när vi ses.
Min familj, mamma, pappa och Erika för att ni tror på mig och stöttar
mig i alla lägen.
Andy för all kärlek, stöd och uppmuntran.

Finansiärerna av denna avhandling: Cardiovascular Inflammatory
Research Center vid Linköpings Universitet (CIRC), Elanora Demeroutis
Fond för Kardiovaskulär forskning vid Universitetssjukhuset, Linköping,
Hälsofonden, Linköping, Rådet för Medicinsk Tobaksforskning (Swedish
Match Northern Europe AB), Östergötlands läns landsting (ÖLL) och
Vetenskapsrådet.

52 │TACK

REFERENCES
1.

Davignon J, Ganz P. Role of endothelial dysfunction in atherosclerosis.
Circulation. 2004;109:III27-32.

2.

Le Brocq M, Leslie SJ, Milliken P, Megson IL. Endothelial dysfunction: from
molecular mechanisms to measurement, clinical implications, and therapeutic
opportunities. Antioxid Redox Signal. 2008;10:1631-74.

3.

Munzel T, Sinning C, Post F, Warnholtz A, Schulz E. Pathophysiology, diagnosis
and prognostic implications of endothelial dysfunction. Ann Med. 2008;40:18096.

4.

Grote K, Drexler H, Schieffer B. Renin-angiotensin system and atherosclerosis.
Nephrol Dial Transplant. 2004;19:770-3.

5.

Haulica I, Bild W, Serban DN. Angiotensin peptides and their pleiotropic actions.
J Renin Angiotensin Aldosterone Syst. 2005;6:121-31.

6.

de Gasparo M, Catt KJ, Inagami T, Wright JW, Unger T. International union of
pharmacology. XXIII. The angiotensin II receptors. Pharmacol Rev. 2000;52:41572.

7.

Schiffrin EL. Beyond blood pressure: the endothelium and atherosclerosis
progression. Am J Hypertens. 2002;15:115S-122S.

8.

Chai SY, Fernando R, Peck G, Ye SY, Mendelsohn FA, Jenkins TA, Albiston AL.
The angiotensin IV/AT4 receptor. Cell Mol Life Sci. 2004;61:2728-37.

9.

Stanton A. Potential of renin inhibition in cardiovascular disease. J Renin
Angiotensin Aldosterone Syst. 2003;4:6-10.

10. Weir MR, Dzau VJ. The renin-angiotensin-aldosterone system: a specific target
for hypertension management. Am J Hypertens. 1999;12:205S-213S.
11. Ferrario CM. Role of angiotensin II in cardiovascular disease therapeutic
implications of more than a century of research. J Renin Angiotensin Aldosterone
Syst. 2006;7:3-14.
12. Ferrario CM, Chappell MC, Tallant EA, Brosnihan KB, Diz DI.
Counterregulatory actions of angiotensin-(1-7). Hypertension. 1997;30:535-41.
13. Iusuf D, Henning RH, van Gilst WH, Roks AJ. Angiotensin-(1-7):
pharmacological properties and pharmacotherapeutic perspectives. Eur J
Pharmacol. 2008;585:303-12.
14. Skeggs LT, Jr., Kahn JR, Shumway NP. The preparation and function of the
hypertensin-converting enzyme. J Exp Med. 1956;103:295-9.
15. Yang HY, Erdos EG. Second kininase in human blood plasma. Nature.
1967;215:1402-3.

REFERENCES │53

16. Yang HY, Erdos EG, Levin Y. A dipeptidyl carboxypeptidase that converts
angiotensin I and inactivates bradykinin. Biochim Biophys Acta. 1970;214:374-6.
17. Dorer FE, Kahn JR, Lentz KE, Levine M, Skeggs LT. Hydrolysis of bradykinin
by angiotensin-converting enzyme. Circ Res. 1974;34:824-7.
18. Lieberman J, Sastre A. Angiotensin-converting enzyme activity in postmortem
human tissues. Lab Invest. 1983;48:711-7.
19. Ramaraj P, Kessler SP, Colmenares C, Sen GC. Selective restoration of male
fertility in mice lacking angiotensin-converting enzymes by sperm-specific
expression of the testicular isozyme. J Clin Invest. 1998;102:371-8.
20. Wei L, Alhenc-Gelas F, Corvol P, Clauser E. The two homologous domains of
human angiotensin I-converting enzyme are both catalytically active. J Biol
Chem. 1991;266:9002-8.
21. Soubrier F, Alhenc-Gelas F, Hubert C, Allegrini J, John M, Tregear G, Corvol P.
Two putative active centers in human angiotensin I-converting enzyme revealed
by molecular cloning. Proc Natl Acad Sci U S A. 1988;85:9386-90.
22. Lattion AL, Soubrier F, Allegrini J, Hubert C, Corvol P, Alhenc-Gelas F. The
testicular transcript of the angiotensin I-converting enzyme encodes for the
ancestral, non-duplicated form of the enzyme. FEBS Lett. 1989;252:99-104.
23. Donoghue M, Hsieh F, Baronas E, Godbout K, Gosselin M, Stagliano N,
Donovan M, Woolf B, Robison K, Jeyaseelan R, Breitbart RE, Acton S. A novel
angiotensin-converting enzyme-related carboxypeptidase (ACE2) converts
angiotensin I to angiotensin 1-9. Circ Res. 2000;87:E1-9.
24. Tipnis SR, Hooper NM, Hyde R, Karran E, Christie G, Turner AJ. A human
homolog of angiotensin-converting enzyme. Cloning and functional expression as
a captopril-insensitive carboxypeptidase. J Biol Chem. 2000;275:33238-43.
25. Ryan JW, Ryan US, Schultz DR, Whitaker C, Chung A. Subcellular localization
of pulmonary antiotensin-converting enzyme (kininase II). Biochem J.
1975;146:497-9.
26. Oppong SY, Hooper NM. Characterization of a secretase activity which releases
angiotensin-converting enzyme from the membrane. Biochem J. 1993;292 ( Pt
2):597-603.
27. Beldent V, Michaud A, Wei L, Chauvet MT, Corvol P. Proteolytic release of
human angiotensin-converting enzyme. Localization of the cleavage site. J Biol
Chem. 1993;268:26428-34.
28. Andre P, Schott C, Nehlig H, Stoclet JC. Aortic smooth muscle cells are able to
convert angiotensin I to angiotensin II. Biochem Biophys Res Commun.
1990;173:1137-42.
29. Costerousse O, Allegrini J, Lopez M, Alhenc-Gelas F. Angiotensin I-converting
enzyme in human circulating mononuclear cells: genetic polymorphism of
expression in T-lymphocytes. Biochem J. 1993;290 ( Pt 1):33-40.

54 │REFERENCES

30. Friedland J, Setton C, Silverstein E. Angiotensin converting enzyme: induction by
steroids in rabbit alveolar macrophages in culture. Science. 1977;197:64-5.
31. Friedland J, Setton C, Silverstein E. Induction of angiotensin converting enzyme
in human monocytes in culture. Biochem Biophys Res Commun. 1978;83:843-9.
32. Skidgel RA, Engelbrecht S, Johnson AR, Erdos EG. Hydrolysis of substance p
and neurotensin by converting enzyme and neutral endopeptidase. Peptides.
1984;5:769-76.
33. Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P, Soubrier F. An
insertion/deletion polymorphism in the angiotensin I-converting enzyme gene
accounting for half the variance of serum enzyme levels. J Clin Invest.
1990;86:1343-6.
34. Tiret L, Rigat B, Visvikis S, Breda C, Corvol P, Cambien F, Soubrier F. Evidence,
from combined segregation and linkage analysis, that a variant of the angiotensin
I-converting enzyme (ACE) gene controls plasma ACE levels. Am J Hum Genet.
1992;51:197-205.
35. Cambien F, Costerousse O, Tiret L, Poirier O, Lecerf L, Gonzales MF, Evans A,
Arveiler D, Cambou JP, Luc G, et al. Plasma level and gene polymorphism of
angiotensin-converting enzyme in relation to myocardial infarction. Circulation.
1994;90:669-76.
36. Dux S, Aron N, Boner G, Carmel A, Yaron A, Rosenfeld JB. Serum angiotensin
converting enzyme activity in normal adults and patients with different types of
hypertension. Isr J Med Sci. 1984;20:1138-42.
37. Mizuno K, Gotoh M, Matsui J, Nagasawa S, Fukuchi S. Acute effects of captopril
on serum angiotensin-converting enzyme activity, the renin-aldosterone system
and blood pressure in patients with sarcoidosis. Tohoku J Exp Med.
1983;140:107-8.
38. Kokubu T, Ueda E, Ono M, Kawabe T, Hayashi Y, Kan T. Effects of captopril
(SQ 14, 225) on the renin-angiotensin-aldosterone system in normal rats. Eur J
Pharmacol. 1980;62:269-75.
39. Fyhrquist F, Hortling L, Gronhagen-Riska C. Induction of angiotensin Iconverting enzyme by captopril in cultured human endothelial cells. J Clin
Endocrinol Metab. 1982;55:783-6.
40. Fyhrquist F, Gronhagen-Riska C, Hortling L, Forslund T, Tikkanen I, Klockars
M. The induction of angiotensin converting enzyme by its inhibitors. Clin Exp
Hypertens A. 1983;5:1319-30.
41. Petrov VV, Fagard RH, Lijnen PJ. T-lymphocyte and plasma angiotensinconverting enzyme activity during enalapril and losartan administration in
humans. J Cardiovasc Pharmacol. 2001;38:578-83.
42. Singh R, Kalra OP, Sarma PU, Prabhu KM. Effect of captopril on serum
angiotensin converting enzyme and blood pressure in hypertensive patients. J
Assoc Physicians India. 1996;44:109-11.

REFERENCES │55

43. Fyhrquist F, Forslund T, Tikkanen I, Gronhagen-Riska C. Induction of
angiotensin I-converting enzyme rat lung with Captopril (SQ 14225). Eur J
Pharmacol. 1980;67:473-5.
44. Costerousse O, Allegrini J, Clozel JP, Menard J, Alhenc-Gelas F. Angiotensin Iconverting enzyme inhibition but not angiotensin II suppression alters angiotensin
I-converting enzyme gene expression in vessels and epithelia. J Pharmacol Exp
Ther. 1998;284:1180-7.
45. Ackermann A, Fernandez-Alfonso MS, Sanchez de Rojas R, Ortega T, Paul M,
Gonzalez C. Modulation of angiotensin-converting enzyme by nitric oxide. Br J
Pharmacol. 1998;124:291-8.
46. Rieder MJ, Carmona R, Krieger JE, Pritchard KA, Jr., Greene AS. Suppression of
angiotensin-converting enzyme expression and activity by shear stress. Circ Res.
1997;80:312-9.
47. Pertrini CM, Miyakawa AA, Laurindo FR, Krieger JE. Nitric oxide regulates
angiotensin-I converting enzyme under static conditions but not under shear
stress. Braz J Med Biol Res. 2003;36:1175-8.
48. Persson K, Safholm AC, Andersson RG, Ahlner J. Glyceryl trinitrate-induced
angiotensin-converting enzyme (ACE) inhibition in healthy volunteers is
dependent on ACE genotype. Can J Physiol Pharmacol. 2005;83:1117-22.
49. Persson K, Whiss PA, Nyhlen K, Jacobsson-Strier M, Glindell M, Andersson RG.
Nitric oxide donors and angiotensin-converting enzyme inhibitors act in concert to
inhibit human angiotensin-converting enzyme activity and platelet aggregation in
vitro. Eur J Pharmacol. 2000;406:15-23.
50. Saijonmaa O, Nyman T, Stewen P, Fyhrquist F. Atorvastatin completely inhibits
VEGF-induced ACE upregulation in human endothelial cells. Am J Physiol Heart
Circ Physiol. 2004;286:H2096-102.
51. Saijonmaa O, Nyman T, Fyhrquist F. Atorvastatin inhibits angiotensin-converting
enzyme induction in differentiating human macrophages. Am J Physiol Heart Circ
Physiol. 2007;292:H1917-21.
52. Dasarathy Y, Lanzillo JJ, Fanburg BL. Stimulation of bovine pulmonary artery
endothelial cell ACE by dexamethasone: involvement of steroid receptors. Am J
Physiol. 1992;263:L645-9.
53. Krulewitz AH, Baur WE, Fanburg BL. Hormonal influence on endothelial cell
angiotensin-converting enzyme activity. Am J Physiol. 1984;247:C163-8.
54. Gallagher PE, Li P, Lenhart JR, Chappell MC, Brosnihan KB. Estrogen regulation
of angiotensin-converting enzyme mRNA. Hypertension. 1999;33:323-8.
55. Alhenc-Gelas F, Richard J, Courbon D, Warnet JM, Corvol P. Distribution of
plasma angiotensin I-converting enzyme levels in healthy men: relationship to
environmental and hormonal parameters. J Lab Clin Med. 1991;117:33-9.

56 │REFERENCES

56. Saijonmaa O, Fyhrquist F. Upregulation of angiotensin converting enzyme by
atrial natriuretic peptide and cyclic GMP in human endothelial cells. Cardiovasc
Res. 1998;40:206-10.
57. Dasarathy Y, Fanburg BL. Involvement of second messenger systems in
stimulation of angiotensin converting enzyme of bovine endothelial cells. J Cell
Physiol. 1991;148:327-35.
58. Persson IA, Dong L, Persson K. Effect of Panax ginseng extract (G115) on
angiotensin-converting enzyme (ACE) activity and nitric oxide (NO) production.
J Ethnopharmacol. 2006;105:321-5.
59. Balyasnikova IV, Danilov SM, Muzykantov VR, Fisher AB. Modulation of
angiotensin-converting enzyme in cultured human vascular endothelial cells. In
Vitro Cell Dev Biol Anim. 1998;34:545-54.
60. Iwai N, Matsunaga M, Kita T, Tei M, Kawai C. Regulation of angiotensin
converting enzyme activity in cultured human vascular endothelial cells. Biochem
Biophys Res Commun. 1987;149:1179-85.
61. Kawaguchi H, Yasuda H. Effects of platelet-activating factor on conversion of
angiotensin I to II. FEBS Lett. 1987;221:305-8.
62. Persson IA, Josefsson M, Persson K, Andersson RG. Tea flavanols inhibit
angiotensin-converting enzyme activity and increase nitric oxide production in
human endothelial cells. J Pharm Pharmacol. 2006;58:1139-44.
63. Saijonmaa O, Nyman T, Kosonen R, Fyhrquist F. Upregulation of angiotensinconverting enzyme by vascular endothelial growth factor. Am J Physiol Heart
Circ Physiol. 2001;280:H885-91.
64. Hubert C, Houot AM, Corvol P, Soubrier F. Structure of the angiotensin Iconverting enzyme gene. Two alternate promoters correspond to evolutionary
steps of a duplicated gene. J Biol Chem. 1991;266:15377-83.
65. Rigat B, Hubert C, Corvol P, Soubrier F. PCR detection of the insertion/deletion
polymorphism of the human angiotensin converting enzyme gene (DCP1)
(dipeptidyl carboxypeptidase 1). Nucleic Acids Res. 1992;20:1433.
66. Danser AH, Schalekamp MA, Bax WA, van den Brink AM, Saxena PR, Riegger
GA, Schunkert H. Angiotensin-converting enzyme in the human heart. Effect of
the deletion/insertion polymorphism. Circulation. 1995;92:1387-8.
67. Montgomery H, Humphries S, Danilov S. Is genotype or phenotype the better tool
for investigating the role of ACE in human cardiovascular disease? Eur Heart J.
2002;23:1083-6.
68. Ueda S, Elliott HL, Morton JJ, Connell JM. Enhanced pressor response to
angiotensin I in normotensive men with the deletion genotype (DD) for
angiotensin-converting enzyme. Hypertension. 1995;25:1266-9.
69. Mathew J, Basheeruddin K, Prabhakar S. Differences in frequency of the deletion
polymorphism of the angiotensin-converting enzyme gene in different ethnic
groups. Angiology. 2001;52:375-9.

REFERENCES │57

70. Sagnella GA, Rothwell MJ, Onipinla AK, Wicks PD, Cook DG, Cappuccio FP. A
population study of ethnic variations in the angiotensin-converting enzyme I/D
polymorphism: relationships with gender, hypertension and impaired glucose
metabolism. J Hypertens. 1999;17:657-64.
71. Tamaki S, Nakamura Y, Tsujita Y, Nozaki A, Amamoto K, Kadowaki T, Kita Y,
Okamura T, Iwai N, Kinoshita M, Ueshima H. Polymorphism of the angiotensin
converting enzyme gene and blood pressure in a Japanese general population (the
Shigaraki Study). Hypertens Res. 2002;25:843-8.
72. Dzau VJ. Vascular renin-angiotensin system and vascular protection. J
Cardiovasc Pharmacol. 1993;22 Suppl 5:S1-9.
73. Dzau VJ, Bernstein K, Celermajer D, Cohen J, Dahlof B, Deanfield J, Diez J,
Drexler H, Ferrari R, van Gilst W, Hansson L, Hornig B, Husain A, Johnston C,
Lazar H, Lonn E, Luscher T, Mancini J, Mimran A, Pepine C, Rabelink T,
Remme W, Ruilope L, Ruzicka M, Schunkert H, Swedberg K, Unger T, Vaughan
D, Weber M. The relevance of tissue angiotensin-converting enzyme:
manifestations in mechanistic and endpoint data. Am J Cardiol. 2001;88:1L-20L.
74. Pagliaro P, Penna C. Rethinking the renin-angiotensin system and its role in
cardiovascular regulation. Cardiovasc Drugs Ther. 2005;19:77-87.
75. Kohlstedt K, Brandes RP, Muller-Esterl W, Busse R, Fleming I. Angiotensinconverting enzyme is involved in outside-in signaling in endothelial cells. Circ
Res. 2004;94:60-7.
76. Kohlstedt K, Busse R, Fleming I. Signaling via the angiotensin-converting
enzyme enhances the expression of cyclooxygenase-2 in endothelial cells.
Hypertension. 2005;45:126-32.
77. Kohlstedt K, Shoghi F, Muller-Esterl W, Busse R, Fleming I. CK2 phosphorylates
the angiotensin-converting enzyme and regulates its retention in the endothelial
cell plasma membrane. Circ Res. 2002;91:749-56.
78. Fleming I. Signaling by the angiotensin-converting enzyme. Circ Res.
2006;98:887-96.
79. Cambien F, Poirier O, Lecerf L, Evans A, Cambou JP, Arveiler D, Luc G, Bard
JM, Bara L, Ricard S, et al. Deletion polymorphism in the gene for angiotensinconverting enzyme is a potent risk factor for myocardial infarction. Nature.
1992;359:641-4.
80. Dzau VJ. Short- and long-term determinants of cardiovascular function and
therapy: contributions of circulating and tissue renin-angiotensin systems. J
Cardiovasc Pharmacol. 1989;14 Suppl 4:S1-5.
81. Wong TY, Szeto CC, Chow KM, Chan JC, Li PK. Prognostic role of serum ACE
activity on outcome of type 2 diabetic patients on chronic ambulatory peritoneal
dialysis. Am J Kidney Dis. 2002;39:1054-60.
82. Lehmann DJ, Cortina-Borja M, Warden DR, Smith AD, Sleegers K, Prince JA,
van Duijn CM, Kehoe PG. Large meta-analysis establishes the ACE insertion-

58 │REFERENCES

deletion polymorphism as a marker of Alzheimer's disease. Am J Epidemiol.
2005;162:305-17.
83. Mattu RK, Needham EW, Galton DJ, Frangos E, Clark AJ, Caulfield M. A DNA
variant at the angiotensin-converting enzyme gene locus associates with coronary
artery disease in the Caerphilly Heart Study. Circulation. 1995;91:270-4.
84. Pfohl M, Athanasiadis A, Koch M, Clemens P, Benda N, Haring HU, Karsch KR.
Insertion/deletion polymorphism of the angiotensin I-converting enzyme gene is
associated with coronary artery plaque calcification as assessed by intravascular
ultrasound. J Am Coll Cardiol. 1998;31:987-91.
85. Schut AF, Bleumink GS, Stricker BH, Hofman A, Witteman JC, Pols HA,
Deckers JW, Deinum J, van Duijn CM. Angiotensin converting enzyme
insertion/deletion polymorphism and the risk of heart failure in hypertensive
subjects. Eur Heart J. 2004;25:2143-8.
86. Kario K, Hoshide S, Umeda Y, Sato Y, Ikeda U, Nishiuma S, Matsuo M, Shimada
K. Angiotensinogen and angiotensin-converting enzyme genotypes, and day and
night blood pressures in elderly Japanese hypertensives. Hypertens Res.
1999;22:95-103.
87. Giner V, Poch E, Bragulat E, Oriola J, Gonzalez D, Coca A, De La Sierra A.
Renin-angiotensin system genetic polymorphisms and salt sensitivity in essential
hypertension. Hypertension. 2000;35:512-7.
88. Reneland R, Andren B, Lind L, Andersson PE, Hanni A, Lithell H. Circulating
angiotensin converting enzyme levels are increased in concentric, but not
eccentric, left ventricular hypertrophy in elderly men. J Hypertens. 1997;15:88590.
89. Schunkert H, Hense HW, Holmer SR, Stender M, Perz S, Keil U, Lorell BH,
Riegger GA. Association between a deletion polymorphism of the angiotensinconverting-enzyme gene and left ventricular hypertrophy. N Engl J Med.
1994;330:1634-8.
90. Iwai N, Ohmichi N, Nakamura Y, Kinoshita M. DD genotype of the angiotensinconverting enzyme gene is a risk factor for left ventricular hypertrophy.
Circulation. 1994;90:2622-8.
91. Ribichini F, Steffenino G, Dellavalle A, Matullo G, Colajanni E, Camilla T, Vado
A, Benetton G, Uslenghi E, Piazza A. Plasma activity and insertion/deletion
polymorphism of angiotensin I-converting enzyme: a major risk factor and a
marker of risk for coronary stent restenosis. Circulation. 1998;97:147-54.
92. Haberbosch W, Bohle RM, Franke FE, Danilov S, Alhenc-Gelas F, BraunDullaeus R, Holschermann H, Waas W, Tillmanns H, Gardemann A. The
expression of angiotensin-I converting enzyme in human atherosclerotic plaques
is not related to the deletion/insertion polymorphism but to the risk of restenosis
after coronary interventions. Atherosclerosis. 1997;130:203-13.
93. Samani NJ, Martin DS, Brack M, Cullen J, Chauhan A, Lodwick D, Harley A,
Swales JD, de Bono DP, Gershlick AH. Insertion/deletion polymorphism in the

REFERENCES │59

angiotensin-converting enzyme gene and risk of restenosis after coronary
angioplasty. Lancet. 1995;345:1013-6.
94. Harrap SB, Tzourio C, Cambien F, Poirier O, Raoux S, Chalmers J, Chapman N,
Colman S, Leguennec S, MacMahon S, Neal B, Ohkubo T, Woodward M. The
ACE gene I/D polymorphism is not associated with the blood pressure and
cardiovascular benefits of ACE inhibition. Hypertension. 2003;42:297-303.
95. Lindpaintner K, Pfeffer MA, Kreutz R, Stampfer MJ, Grodstein F, LaMotte F,
Buring J, Hennekens CH. A prospective evaluation of an angiotensin-convertingenzyme gene polymorphism and the risk of ischemic heart disease. N Engl J Med.
1995;332:706-11.
96. Agerholm-Larsen B, Nordestgaard BG, Steffensen R, Sorensen TI, Jensen G,
Tybjaerg-Hansen A. ACE gene polymorphism: ischemic heart disease and
longevity in 10,150 individuals. A case-referent and retrospective cohort study
based on the Copenhagen City Heart Study. Circulation. 1997;95:2358-67.
97. Agerholm-Larsen B, Nordestgaard BG, Tybjaerg-Hansen A. ACE gene
polymorphism in cardiovascular disease: meta-analyses of small and large studies
in whites. Arterioscler Thromb Vasc Biol. 2000;20:484-92.
98. Schunkert H. Controversial association of left ventricular hypertrophy and the
ACE I/D polymorphism--is the mist clearing up? Nephrol Dial Transplant.
1998;13:1109-12.
99. Metzger R, Bohle RM, Chumachenko P, Danilov SM, Franke FE. CD143 in the
development of atherosclerosis. Atherosclerosis. 2000;150:21-31.
100. Diet F, Pratt RE, Berry GJ, Momose N, Gibbons GH, Dzau VJ. Increased
accumulation of tissue ACE in human atherosclerotic coronary artery disease.
Circulation. 1996;94:2756-67.
101. Goetz RM, Holtz J. Enhanced angiotensin-converting enzyme activity and
impaired endothelium-dependent vasodilation in aortae from hypertensive rats:
evidence for a causal link. Clin Sci (Lond). 1999;97:165-74.
102. Falkenhahn M, Franke F, Bohle RM, Zhu YC, Stauss HM, Bachmann S, Danilov
S, Unger T. Cellular distribution of angiotensin-converting enzyme after
myocardial infarction. Hypertension. 1995;25:219-26.
103. Schunkert H, Jackson B, Tang SS, Schoen FJ, Smits JF, Apstein CS, Lorell BH.
Distribution and functional significance of cardiac angiotensin converting enzyme
in hypertrophied rat hearts. Circulation. 1993;87:1328-39.
104. Hirsch AT, Talsness CE, Schunkert H, Paul M, Dzau VJ. Tissue-specific
activation of cardiac angiotensin converting enzyme in experimental heart failure.
Circ Res. 1991;69:475-82.
105. Hokimoto S, Yasue H, Fujimoto K, Yamamoto H, Nakao K, Kaikita K, Sakata R,
Miyamoto E. Expression of angiotensin-converting enzyme in remaining viable
myocytes of human ventricles after myocardial infarction. Circulation.
1996;94:1513-8.

60 │REFERENCES

106. Schunkert H, Sadoshima J, Cornelius T, Kagaya Y, Weinberg EO, Izumo S,
Riegger G, Lorell BH. Angiotensin II-induced growth responses in isolated adult
rat hearts. Evidence for load-independent induction of cardiac protein synthesis by
angiotensin II. Circ Res. 1995;76:489-97.
107. Toop MJ, Dallinger KJ, Jennings PE, Barnett AH. Angiotensin-converting
enzyme (ACE): relationship to insulin-dependent diabetes and microangiopathy.
Diabet Med. 1986;3:455-7.
108. Ustundag B, Canatan H, Cinkilinc N, Halifeoglu I, Bahcecioglu IH. Angiotensin
converting enzyme (ACE) activity levels in insulin-independent diabetes mellitus
and effect of ACE levels on diabetic patients with nephropathy. Cell Biochem
Funct. 2000;18:23-8.
109. Van Dyk DJ, Erman A, Erman T, Chen-Gal B, Sulkes J, Boner G. Increased
serum angiotensin converting enzyme activity in type I insulin-dependent diabetes
mellitus: its relation to metabolic control and diabetic complications. Eur J Clin
Invest. 1994;24:463-7.
110. Yang M, Qiu CC, Xu Q, Xiang HD. Association of angiotensin converting
enzyme gene I/D polymorphism with type 2 diabetes mellitus. Biomed Environ
Sci. 2006;19:323-7.
111. Ng DP, Tai BC, Koh D, Tan KW, Chia KS. Angiotensin-I converting enzyme
insertion/deletion polymorphism and its association with diabetic nephropathy: a
meta-analysis of studies reported between 1994 and 2004 and comprising 14,727
subjects. Diabetologia. 2005;48:1008-16.
112. Kennon B, Petrie JR, Small M, Connell JM. Angiotensin-converting enzyme gene
and diabetes mellitus. Diabet Med. 1999;16:448-58.
113. Yang YH, Liu CK. Angiotensin-converting enzyme gene in Alzheimer's disease.
Tohoku J Exp Med. 2008;215:295-8.
114. Hu J, Igarashi A, Kamata M, Nakagawa H. Angiotensin-converting enzyme
degrades Alzheimer amyloid beta-peptide (A beta ); retards A beta aggregation,
deposition, fibril formation; and inhibits cytotoxicity. J Biol Chem.
2001;276:47863-8.
115. Hemming ML, Selkoe DJ. Amyloid beta-protein is degraded by cellular
angiotensin-converting enzyme (ACE) and elevated by an ACE inhibitor. J Biol
Chem. 2005;280:37644-50.
116. Lieberman J. Elevation of serum angiotensin-converting-enzyme (ACE) level in
sarcoidosis. Am J Med. 1975;59:365-72.
117. Bonfioli AA, Orefice F. Sarcoidosis. Semin Ophthalmol. 2005;20:177-82.
118. Silverstein E, Friedland J, Lyons HA, Gourin A. Elevation of angiotensinconverting enzyme in granulomatous lymph nodes and serum in sarcoidosis:
clinical and possible pathogenic significance. Ann N Y Acad Sci. 1976;278:498513.

REFERENCES │61

119. Fox KM. Efficacy of perindopril in reduction of cardiovascular events among
patients with stable coronary artery disease: randomised, double-blind, placebocontrolled, multicentre trial (the EUROPA study). Lancet. 2003;362:782-8.
120. GISSI-3: effects of lisinopril and transdermal glyceryl trinitrate singly and
together on 6-week mortality and ventricular function after acute myocardial
infarction. Gruppo Italiano per lo Studio della Sopravvivenza nell'infarto
Miocardico. Lancet. 1994;343:1115-22.
121. Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G. Effects of an
angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular events in
high-risk patients. The Heart Outcomes Prevention Evaluation Study
Investigators. N Engl J Med. 2000;342:145-53.
122. Werner C, Baumhakel M, Teo KK, Schmieder R, Mann J, Unger T, Yusuf S,
Bohm M. RAS blockade with ARB and ACE inhibitors: current perspective on
rationale and patient selection. Clin Res Cardiol. 2008;97:418-31.
123. Update on the efficacy of angiotensin receptor blockers in treatment of
hypertension. Am J Manag Care. 2005;11:S386-91.
124. WHO Report on the Global Tobacco Epidemic, 2008 - The MPOWER package,
2008, World Helth Organization (WHO).
125. Mackay J, Eriksen M. The Tobacco Atlas, 2002, World Helth Organization
(WHO).
126. Lundquist Å. Minskat bruk av tobak - var står vi idag R2007:14, 2007, Statens
folkhälsoinstitut, Stockholm, Sweden.
127. Cnattingius S, Galanti R, Grafström R, Hergens M-P, Lambe M, Nyrén O,
Pershagen G, Wickholm S. Hälsorisker med svenskt snus R 2005:15, 2005,
Statens Folkhälsoinstitut, Stockholm, Sweden.
128. Yildiz D. Nicotine, its metabolism and an overview of its biological effects.
Toxicon. 2004;43:619-32.
129. Benowitz NL, Jacob P, 3rd, Fong I, Gupta S. Nicotine metabolic profile in man:
comparison of cigarette smoking and transdermal nicotine. J PharmaPrev Medcol
Exp Ther. 1994;268:296-303.
130. Benowitz NL, Jacob P, 3rd. Metabolism of nicotine to cotinine studied by a dual
stable isotope method. Clin Pharmacol Ther. 1994;56:483-93.
131. Nakajima M, Yamamoto T, Nunoya K, Yokoi T, Nagashima K, Inoue K, Funae
Y, Shimada N, Kamataki T, Kuroiwa Y. Role of human cytochrome P4502A6 in
C-oxidation of nicotine. Drug Metab Dispos. 1996;24:1212-7.
132. Nakajima M, Kwon JT, Tanaka N, Zenta T, Yamamoto Y, Yamamoto H,
Yamazaki H, Yamamoto T, Kuroiwa Y, Yokoi T. Relationship between
interindividual differences in nicotine metabolism and CYP2A6 genetic
polymorphism in humans. Clin Pharmacol Ther. 2001;69:72-8.

62 │REFERENCES

133. Benowitz NL, Kuyt F, Jacob P, 3rd. Circadian blood nicotine concentrations
during cigarette smoking. Clin Pharmacol Ther. 1982;32:758-64.
134. Benowitz NL, Kuyt F, Jacob P, 3rd, Jones RT, Osman AL. Cotinine disposition
and effects. Clin Pharmacol Ther. 1983;34:604-11.
135. Benowitz NL, Jacob P, 3rd. Trans-3'-hydroxycotinine: disposition kinetics, effects
and plasma levels during cigarette smoking. Br J Clin Pharmacol. 2001;51:53-9.
136. Burns DM. Epidemiology of smoking-induced cardiovascular disease. Prog
Cardiovasc Dis. 2003;46:11-29.
137. Michael Pittilo R. Cigarette smoking, endothelial injury and cardiovascular
disease. Int J Exp Pathol. 2000;81:219-30.
138. Ambrose JA, Barua RS. The pathophysiology of cigarette smoking and
cardiovascular disease: an update. J Am Coll Cardiol. 2004;43:1731-7.
139. Benowitz NL, Gourlay SG. Cardiovascular toxicity of nicotine: implications for
nicotine replacement therapy. J Am Coll Cardiol. 1997;29:1422-31.
140. Rohani M, Agewall S. Oral snuff impairs endothelial function in healthy snuff
users. J Intern Med. 2004;255:379-83.
141. Neunteufl T, Heher S, Kostner K, Mitulovic G, Lehr S, Khoschsorur G, Schmid
RW, Maurer G, Stefenelli T. Contribution of nicotine to acute endothelial
dysfunction in long-term smokers. J Am Coll Cardiol. 2002;39:251-6.
142. Hergens MP, Alfredsson L, Bolinder G, Lambe M, Pershagen G, Ye W. Longterm use of Swedish moist snuff and the risk of myocardial infarction amongst
men. J Intern Med. 2007;262:351-9.
143. Benowitz NL. The role of nicotine in smoking-related cardiovascular disease.
Prev Med. 1997;26:412-7.
144. Benowitz NL, Kuyt F, Jacob P, 3rd. Influence of nicotine on cardiovascular and
hormonal effects of cigarette smoking. Clin Pharmacol Ther. 1984;36:74-81.
145. Stefanovich V, Gore I, Kajiyama G, Iwanaga Y. The effect of nicotine on dietary
atherogenesis in rabbits. Exp Mol Pathol. 1969;11:71-81.
146. Strohschneider T, Oberhoff M, Hanke H, Hannekum A, Karsch KR. Effect of
chronic nicotine delivery on the proliferation rate of endothelial and smooth
muscle cells in experimentally induced vascular wall plaques. Clin Investig.
1994;72:908-12.
147. Cluette-Brown J, Mulligan J, Doyle K, Hagan S, Osmolski T, Hojnacki J. Oral
nicotine induces an atherogenic lipoprotein profile. Proc Soc Exp Biol Med.
1986;182:409-13.
148. Quensel M, Agardh CD, Nilsson-Ehle P. Nicotine does not affect plasma
lipoprotein concentrations in healthy men. Scand J Clin Lab Invest. 1989;49:14953.

REFERENCES │63

149. Whiss PA, Lundahl TH, Bengtsson T, Lindahl TL, Lunell E, Larsson R. Acute
effects of nicotine infusion on platelets in nicotine users with normal and impaired
renal function. Toxicol Appl Pharmacol. 2000;163:95-104.
150. Pfueller SL, Burns P, Mak K, Firkin BG. Effects of nicotine on platelet function.
Haemostasis. 1988;18:163-9.
151. Mundal HH, Hjemdahl P, Gjesdal K. Acute effects of low dose nicotine gum on
platelet function in non-smoking hypertensive and normotensive men. Eur J Clin
Pharmacol. 1995;47:411-6.
152. Conklin BS, Surowiec SM, Ren Z, Li JS, Zhong DS, Lumsden AB, Chen C.
Effects of nicotine and cotinine on porcine arterial endothelial cell function. J
Surg Res. 2001;95:23-31.
153. Conklin BS, Zhao W, Zhong DS, Chen C. Nicotine and cotinine up-regulate
vascular endothelial growth factor expression in endothelial cells. Am J Pathol.
2002;160:413-8.
154. Cucina A, Corvino V, Sapienza P, Borrelli V, Lucarelli M, Scarpa S, Strom R,
Santoro-D'Angelo L, Cavallaro A. Nicotine regulates basic fibroblastic growth
factor and transforming growth factor beta1 production in endothelial cells.
Biochem Biophys Res Commun. 1999;257:306-12.
155. Cucina A, Sapienza P, Borrelli V, Corvino V, Foresi G, Randone B, Cavallaro A,
Santoro-D'Angelo L. Nicotine reorganizes cytoskeleton of vascular endothelial
cell through platelet-derived growth factor BB. J Surg Res. 2000;92:233-8.
156. Villablanca AC. Nicotine stimulates DNA synthesis and proliferation in vascular
endothelial cells in vitro. J Appl Physiol. 1998;84:2089-98.
157. Lin SJ, Hong CY, Chang MS, Chiang BN, Chien S. Long-term nicotine exposure
increases aortic endothelial cell death and enhances transendothelial
macromolecular transport in rats. Arterioscler Thromb. 1992;12:1305-12.
158. Mayhan WG, Patel KP. Effect of nicotine on endothelium-dependent arteriolar
dilatation in vivo. Am J Physiol. 1997;272:H2337-42.
159. Mayhan WG, Sharpe GM. Chronic exposure to nicotine alters endotheliumdependent arteriolar dilatation: effect of superoxide dismutase. J Appl Physiol.
1999;86:1126-34.
160. Chalon S, Moreno H, Jr., Benowitz NL, Hoffman BB, Blaschke TF. Nicotine
impairs endothelium-dependent dilatation in human veins in vivo. Clin Pharmacol
Ther. 2000;67:391-7.
161. Mizuno K, Yaginuma K, Hashimoto S, Toki T, Nakamura I, Fukuchi S. Acute
effect of cigarette smoking on serum angiotensin-converting enzyme activity in
normal man. Tohoku J Exp Med. 1982;137:113-4.
162. Sugiyama Y, Yotsumoto H, Takaku F. Increase of serum angiotensin-converting
enzyme level after exposure to cigarette smoke and nicotine infusion in dogs.
Respiration. 1986;49:292-5.

64 │REFERENCES

163. Haboubi NA, Bignell AH, Haboubi NY. Serum angiotensin converting enzyme
activity in cigarette smokers. Clin Chim Acta. 1986;154:69-72.
164. Ninomiya Y, Kioi S, Arakawa M. Serum angiotensin converting enzyme activity
in ex-smokers. Clin Chim Acta. 1987;164:223-6.
165. Jaffe EA, Nachman RL, Becker CG, Minick CR. Culture of human endothelial
cells derived from umbilical veins. Identification by morphologic and
immunologic criteria. J Clin Invest. 1973;52:2745-56.
166. Relou IA, Damen CA, van der Schaft DW, Groenewegen G, Griffioen AW. Effect
of culture conditions on endothelial cell growth and responsiveness. Tissue Cell.
1998;30:525-30.
167. Shanmugam V, Sell KW, Saha BK. Mistyping ACE heterozygotes. PCR Methods
Appl. 1993;3:120-1.
168. Fogarty DG, Maxwell AP, Doherty CC, Hughes AE, Nevin NC. ACE gene
typing. Lancet. 1994;343:851.
169. Ueda S, Heeley RP, Lees KR, Elliott HL, Connell JM. Mistyping of the human
angiotensin-converting enzyme gene polymorphism: frequency, causes and
possible methods to avoid errors in typing. J Mol Endocrinol. 1996;17:27-30.
170. Odawara M, Matsunuma A, Yamashita K. Mistyping frequency of the
angiotensin-converting enzyme gene polymorphism and an improved method for
its avoidance. Hum Genet. 1997;100:163-6.
171. Cheon KT, Choi KH, Lee HB, Park SK, Rhee YK, Lee YC. Gene polymorphisms
of endothelial nitric oxide synthase and angiotensin-converting enzyme in patients
with lung cancer. Lung. 2000;178:351-60.
172. Petro TM, Anderson LL, Gowler JS, Liu XJ, Schwartzbach SD. Smokeless
tobacco extract decreases IL-12 production from LPS-stimulated but increases IL12 from IFN-gamma-stimulated macrophages. Int Immunopharmacol.
2002;2:345-55.
173. Su Y, Han W, Giraldo C, De Li Y, Block ER. Effect of cigarette smoke extract on
nitric oxide synthase in pulmonary artery endothelial cells. Am J Respir Cell Mol
Biol. 1998;19:819-25.
174. Saijonmaa O, Nyman T, Fyhrquist F. Regulation of angiotensin-converting
enzyme production by nicotine in human endothelial cells. Am J Physiol Heart
Circ Physiol. 2005;289:H2000-4.
175. Zhang S, Day I, Ye S. Nicotine induced changes in gene expression by human
coronary artery endothelial cells. Atherosclerosis. 2001;154:277-83.
176. Noronha-Dutra AA, Epperlein MM, Woolf N. Effect of cigarette smoking on
cultured human endothelial cells. Cardiovasc Res. 1993;27:774-8.
177. Statistics Sweden table HA 12, 2008,

http://www.scb.se/statistik/LE/LE0101/2007A01/HA12_07.xls

REFERENCES │65

178. Sayed-Tabatabaei FA, Schut AF, Hofman A, Bertoli-Avella AM, Vergeer J,
Witteman JC, van Duijn CM. A study of gene--environment interaction on the
gene for angiotensin converting enzyme: a combined functional and population
based approach. J Med Genet. 2004;41:99-103.
179. Sayed-Tabatabaei FA, Schut AF, Vasquez AA, Bertoli-Avella AM, Hofman A,
Witteman JC, van Duijn CM. Angiotensin converting enzyme gene polymorphism
and cardiovascular morbidity and mortality: the Rotterdam Study. J Med Genet.
2005;42:26-30.
180. Villard E, Tiret L, Visvikis S, Rakotovao R, Cambien F, Soubrier F. Identification
of new polymorphisms of the angiotensin I-converting enzyme (ACE) gene, and
study of their relationship to plasma ACE levels by two-QTL segregation-linkage
analysis. Am J Hum Genet. 1996;58:1268-78.
181. Zhu X, Bouzekri N, Southam L, Cooper RS, Adeyemo A, McKenzie CA, Luke A,
Chen G, Elston RC, Ward R. Linkage and association analysis of angiotensin Iconverting enzyme (ACE)-gene polymorphisms with ACE concentration and
blood pressure. Am J Hum Genet. 2001;68:1139-48.
182. Zhu X, McKenzie CA, Forrester T, Nickerson DA, Broeckel U, Schunkert H,
Doering A, Jacob HJ, Cooper RS, Rieder MJ. Localization of a small genomic
region associated with elevated ACE. Am J Hum Genet. 2000;67:1144-53.
183. Fyhrquist F, Gronhagen-Riska C, Forslund T, Tikkanen I. Induction of
angiotensin I-converting enzyme in rat lung with captopril: the effect of
adrenalectomy. Am J Cardiol. 1982;49:1508-10.
184. Holzgreve H. Combination versus Monotherapy as Initial Treatment in
Hypertension. Herz. 2003;28:725-32.
185. Ueda S, Meredith PA, Morton JJ, Connell JM, Elliott HL. ACE (I/D) genotype as
a predictor of the magnitude and duration of the response to an ACE inhibitor
drug (enalaprilat) in humans. Circulation. 1998;98:2148-53.
186. Castellon R, Hamdi HK. Demystifying the ACE polymorphism: from genetics to
biology. Curr Pharm Des. 2007;13:1191-8.
187. Jeunemaitre X, Lifton RP, Hunt SC, Williams RR, Lalouel JM. Absence of
linkage between the angiotensin converting enzyme locus and human essential
hypertension. Nat Genet. 1992;1:72-5.
188. Tiret L, Blanc H, Ruidavets JB, Arveiler D, Luc G, Jeunemaitre X, Tichet J,
Mallet C, Poirier O, Plouin PF, Cambien F. Gene polymorphisms of the reninangiotensin system in relation to hypertension and parental history of myocardial
infarction and stroke: the PEGASE study. Projet d'Etude des Genes de
l'Hypertension Arterielle Severe a moderee Essentielle. J Hypertens. 1998;16:3744.
189. Bhattacharyya OK, Shah BR, Booth GL. Management of cardiovascular disease
in patients with diabetes: the 2008 Canadian Diabetes Association guidelines.
Cmaj. 2008;179:920-6.

66 │REFERENCES

190. Hansson L, Lindholm LH, Ekbom T, Dahlof B, Lanke J, Schersten B, Wester PO,
Hedner T, de Faire U. Randomised trial of old and new antihypertensive drugs in
elderly patients: cardiovascular mortality and morbidity the Swedish Trial in Old
Patients with Hypertension-2 study. Lancet. 1999;354:1751-6.
191. Hansson L, Lindholm LH, Niskanen L, Lanke J, Hedner T, Niklason A,
Luomanmaki K, Dahlof B, de Faire U, Morlin C, Karlberg BE, Wester PO,
Bjorck JE. Effect of angiotensin-converting-enzyme inhibition compared with
conventional therapy on cardiovascular morbidity and mortality in hypertension:
the Captopril Prevention Project (CAPPP) randomised trial. Lancet.
1999;353:611-6.
192. Lindholm LH, Ibsen H, Borch-Johnsen K, Olsen MH, Wachtell K, Dahlof B,
Devereux RB, Beevers G, de Faire U, Fyhrquist F, Julius S, Kjeldsen SE,
Kristianson K, Lederballe-Pedersen O, Nieminen MS, Omvik P, Oparil S, Wedel
H, Aurup P, Edelman JM, Snapinn S. Risk of new-onset diabetes in the Losartan
Intervention For Endpoint reduction in hypertension study. J Hypertens.
2002;20:1879-86.
193. Scheen AJ. Renin-angiotensin system inhibition prevents type 2 diabetes mellitus.
Part 1. A meta-analysis of randomised clinical trials. Diabetes Metab.
2004;30:487-96.

REFERENCES │67

