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1. INTRODUCTION 

Ischemic cardiovascular diseases (CVD) of atherosclerotic origin are still leading cause 

of death in the US (1) and in Europe (2). CVD causes nearly half of all deaths in Europe 

and the estimated costs are billions of euros each year. Atherosclerosis is the main cause 

of most cardiovascular diseases, such as coronary artery disease (CAD), peripheral and 

carotid artery disease, aortic aneurysms and cerebrovascular diseases. Vascular and 

cancer-related illnesses are the main cause of death in the developed countries. In 

addition, WHO expects cardiovascular diseases to undertake cancer and to be the major 

killer globally within 15 years owing to both its rapidly increasing prevalence and risk 

factors such as metabolic syndrome throughout the world. (3). 

The American Heart Association published the latest update on cardiovascular disease 

in the US: “Coronary heart disease caused ~1 of every 6 deaths in the United States in 

2008.” (Heart Disease and Stroke Statistics2012 Update: A Report From the American 

Heart Association). The European Heart Network states that ”Each year cardiovascular 

disease (CVD) causes over 4.3 million deaths in Europe and over 2.0 million deaths in 

the European Union.” (http://www.ehnheart.org/cvd-statistics.html) 

These facts underline the need for intensified research and prevention on the 

cardiovascular field in order to fight this devastating disease. 

The concept that chronic inflammation takes a causative part in the progression of 

atherosclerosis, and adaptive immunity is deeply involved in this process has gained 

widespread acceptance (4). 

Hsp 70 and nociceptin/orphanin FQ  are potent markers of inflammation. 

Since atherosclerosis is a chronic inflammatory disease, we propose 

nociceptin/orphanin FQ and heat shock protein 70, as novel markers of the chronic 

inflammation in severe atherosclerosis. 

We also introduce N/OFQ as a possible marker of ischemia/reperfusion injury of acute 

coronary syndromes. 
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1.1. Atherosclerosis 

 

1.1.1. Incidence and prevalence 

The presence of extended calcification in peripheral artery disease (PAD) of the lower 

extremities and carotid artery disease (CAD) is associated with a 3-4-fold higher risk for 

mortality and cardiovascular events (5, 6). The adverse cardiovascular complications are 

higher in patients with more severe PAD, there is still a significant risk in persons with 

mild or even asymptomatic disease (7). Stress factors alone - such as smoking, 

hyperhomocysteinemia (6, 8) or high C-reactive protein levels - do not always explain 

the extent of calcified vasculature and later cardiovascular risk in peripheral artery 

disease and CAD (9). Novel biomarkers of arterial calcification are therefore urgently 

needed to avoid later major CVD complications. 

 

1.1.2. Etiology and Pathophysiology 

Atherosclerosis slowly progresses throughout a lifetime and may start early such as 

during adolescence - young adulthood. Fatty streaks, the hallmarks of early 

atherosclerosis can be prevalent in young adults. These asymptomatic lesions may 

develop later into established lesions, called atheromas or disappear, showing the 

vasculatures unique capability to heal itself. 

Although the exact cause is unknown, atherosclerotic lesions, termed atheromas or 

atherosclerotic plaques, typically present as asymmetric focal thickening of the 

innermost layer of the artery, the intima. Atheromatic lesions consist of inflammatory 

and immune cells, smooth muscle cells (SMC) and vascular-endothelial cells. They are 

composed of  lipids, connective tissue and debris as well. The atheroma represents a 

complex structural composition: macrophage foam cells, apoptotic and dead cells, lipid 

droplets build up a core surrounded and covered with SMCs and matrix.Activated T 

cells and macrophages migrate throughout the lesion and settle in the growing – 

shoulder - region of the atheroma and between cap and the core(10). 
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The inflammatory processes leading to the development from fatty streaks through 

atheromas to the calcified atherosclerotic plaque are traditionally described in 

distinguished steps: 

 

1.1.2.1. Chronic inflammation in atherosclerosis 

 

Endothelial damage and activation:The earliest step of atherosclerotic disease, leading 

to the established lesion – the atheroma, starts with the damage of the vascular 

endothelium. Two major causes of the disease, hypertonia and and 

hypercholesterolemia, cause endothelial activation in the arteries. In 

hypercholesterolemia, a disaese marked by higher levels of low-density lipoprotein 

(LDL), the lipoproteins infiltrate the endothelial layer and stuck in the extracellular 

matrix. The starting point of atherosclerosis is when the levels of lipoproteins exceeds 

the immune system`s capacity in eliminating them (10).The LDL becomes modified 

through the oxidation in the intima, where as a consequence,several activated 

phospholipids further activate the endothelial cells. 

 

At a site activation, endothelial cells express vascular cell adhesion molecules 

(VCAM).Following VCAM expression, hematopoietic cells – such asmononuclear 

leukocytes –are able to roll on, adhere to and migrate through the endothelial layer. At 

sites of hemodynamic stress, cells become also activated. Atheroma build-up is 

preferred at low shear stress cytes with a turbulent blood flow. This strain causes further 

expression of inflammatory genes, VCAMs and promotes inflammation in the 

endothelium,  Once adherent to the endothelial layer, monocytes are capable to migrate 

into the intimal layer upon chemoattractant stimuli(10, 11). 
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Picture 1: Development of an arterial atheromatic plaque. Common risk factors of 

atherosclerosis, such as smoking, diabetes, hypertension and hypercholesterolemia 

contribute to the disease. Low shear stress cytes favor monocyte-macrophage 

differentiation and plaque formation. 

 

 

Fatty streak - development of foam cells:Monocytes are entering the endothelial wall 

and differentiate into macrophages. The inflamed intima produces macrophage-colony 

stimulating factor (M-CSF) to induce these changes. Monocyte-macrophage 

differentiation is a pivotal step in the forming plaque, because it is associated with 

pattern-recognition receptor upregulation. Toll-like receptors (TLRs) and scavenger 

receptors are capable to internalize multiple pathogenic molecules and particles. 

Apoptotic cells, viral, fungal and bacterial patterns and oxidative LDL particles are 

recognized, taken up and finally degraded through these patways. The modulation of 

these pathways causes furthere activation of pro-inflammatory cytokines, which further 

enhance the inflammatory processes in the intima. OxLDL will further derive into 

cholesterol particles in macrophages. If the cholesterol uptake exceeds the cells capacity 

to remove it, it will accumulate within the cell as cytosolic droplets. This process is 

supported by pro-inflammatory cytokines, since they inhibit the expression of ATP-
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binding cassette transporters, which primary function is to remove cholesterol from the 

cell. These events lead to the macrophage turning into a foam cell, the characteristic cell 

of atherosclerosis (10, 11). 

 

Established lesions -atheromas: Toll-like receptors initiate a signal cascade that mediate 

macrophage activation. Heat shock proteins and oxLDL may activate these receptors as 

well. Svensson et al concluded that Hsp70 is a paracrine inducer of cytokine production 

in oxLDL treated macrophages (12). 

 

In the atheroma, cells contain a wide number of TLR types and regulate nuclear factor 

kappa B (NfκB). TLR2 and TLR4 act through the MyD88 and NfκB.Knockout gene 

deletion of TLR4 or MyD88, an intermediate molecule in the TLR signaling pathway, 

inhibits atherosclerosis in apoE KO mice(10, 11). 

The activation of the macrophages has the following consequences: vasoactive 

molecules, such as nitric oxide, endothelins, and eicosanoids become released. They 

produce reactive oxygen species and proteolytic enzymes.Two initiating steps in 

cellular toxicity and matrix degradation. Cytotoxicity induced apoptosis-necrosis and 

the degradation of matrix components may lead to plaque instability and a risk for the 

rupture of the atherosclerotic plaque and subsequent thrombosis (10). 

 

As other hematopietic cells, T cells are also activated in the atheroma after being 

recruited by adhesion molecules and chemokines. Macrophages become antigen-

presenting cells (APCs) after they display local or foreign peptide agents, such as 

fragments of oxLDL, heat shock proteins or microbial antigens, with they major 

histocompatibility complexes (MHC).  T cell activation leads to T helper-1 (Th1) 

response in the atheroma. The Th1 cells act mainly on macrophages with several 

cytokines (IFN-gamma, IL-2 and TGF-beta)and furthere promotes atheroma formation 

and plaque instability. Regulatory T cells inhibit this response.Natural killer T cells also 

react to lipid antigens presented by CD1 molecules and rapidly response by producing 

INF-gamma and IL-4. 
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There is a wide literature which antigen is the most abundant in atherosclerosis. Ox-

LDL, HSPs, Chlamydia pneumoniae are among the antigens that can trigger 

atherosclerotic events. HSPs, such as human HSP60 and bacterial HSP 65/60 are 

recognized through the same TLR pathways. Other oral pathogens serve as bacterial 

foci and provide chronic inflammation which is associated with atherosclerosis. Cross-

reactivity between the body`s own and external factors, called molecular mimicry, may 

lead to anti-self immune response and cause inflammatory reactivity in the 

atherosclerotic plaque (10, 13).  

 

Atherosclerosis is a complex, chronic inflammatory disease, where several antigens are 

present and trigger immune responses, such as proinflammatory cytokines and may lead 

to disease morbidity(10, 13). 

 

 

Picture 2: This graphic shows the steps towards fatty streaks and smooth muscle cell 

proliferation 
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1.1.2.2. Arterial calcification 

 

Extraosseal calcification- ectopic mineral deposition-occurs in many diseases, including 

atherosclerosis. Calcification in the atheromatic plaque is a frequent sign in 

atherosclerosis. The calcium deposits are quantifiable using different advanced 

radiographic  techniques such as coronaryCT, and and quantifiableserve as a surrogate 

marker for atherosclerosis, and predict a higher risk of later major negative outcomes 

such as acute coronary syndromes and mortality. There is an obvious need for 

understanding how plaque composition and stability influences morbidity and mortality. 

ionships between atheroma calcification and plaque stability has also been described. 

However, our knowledge is still limited how the radiographic measurements and the 

qualities of the plaque correlate (changes in calcium scans measure vs. progression and 

stability of the plaque)(14). 

 

Risk factors, such as hypertension, diabetes and smoking, and other infectious  stimuli, 

such as bacterial foci, initiate teh formation of the plaque. It begins to grow and might 

proceed toward major obstruction of the arterial lumen and eventually cause an 

unforeseen clinical event. It is highly variable among patients when the calcium 

deposition occurs and is rather episodic, higher rates of calcified atheroma build-up 

changing with long latent periods when growth of the plaque tends to be minimal. 

 

Vulnerable plaque:The disease might be latent for longer period of time, however, at 

any point during a stable atheroma growth any individual lesion can become unstable. 

Atheroma intability leads to plaque rupture, after which thrombosis can occur. Plaque 

rupture itself can be asymptomatic or even harmless, but it can lead to fatal clinical 

events.Reorganization and remodeling of a ruptured plaque may be followed by a rapid 

plaque progression but may be also stabilized for an indeterminate time without causing 

a clinical event. Interestingly, this cycle seems to repeat independently from other 

atheroma sites. Calcification appears to develop linearly over time in the remodeling 

atheroma (14). It is suggested that arterial osteoblast and osteoclasts are involved in this 

process. Doherty et al. also summarize that atherosclerosis is a chronic vascular 
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inflammation, and arterial plaque calcification is best conceptualized as a convergence 

of bone biology with vascular inflammatory pathobiology(14). 

 

1.1.2.3. Risk factors of atherosclerosis 

Risk factors of atherosclerosis persist from the early childhood. In a large scale 

study(15), coronary artery and aorta specimens were investigated and correlated with 

known antemortem risk factors. The authors found that the extent of fatty streaks and 

fibrous plaques in the aorta and coronary arteries increased with age. The association 

between fatty streaks and fibrous plaques was much stronger in the coronary arteries 

than in the aorta(15).  

Among the cardiovascular risk factors, body mass index, systolic and diastolic blood 

pressure, and serum concentrations of total cholesterol, triglycerides, low-density 

lipoprotein cholesterol, and high-density lipoprotein cholesterol, as a group, were 

strongly associated with the extent of lesions in the aorta and coronary arteries. In 

addition, cigarette smoking increased the percentage of the intimal surface involved 

with fibrous plaques in the aorta and fatty streaks in coronary vessels(15).  

The authors concluded that as the number of cardiovascular risk factors increased, so 

did the severity of asymptomatic coronary and aortic atherosclerosis in young people 

(2-39 years of age)(15). 

 

Understanding the significance of inflammation and its markers in the development of 

atherosclerosis, the American Heart Association investigated a number of assays of 

markers for potential clinical use(16). They concluded that among several cytokines, 

acute-phase reactants, and cellular responses to inflammatory stimuli potentially might 

be predictive of clinical disease, the best laboratory test to assess inflammation is 

limited to the measurement of high sensitive C-reactive protein.  

 

In the same year, others critically reviewed the usefulness of measurement of C-reactive 

protein with other factors such as lipoprotein-a, fibrinogen, and homocysteine(17). 

Reviewing the available epidemiological literature, they found independent associations 

for varying degrees, between these 4 candidate risk factors and atherosclerotic vascular 
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disease. However, the reviewers found relatively little data regarding the additive yield 

of screening for these factors over that of validated global risk assessment strategies in 

use. Furthermore, controlled intervention studies targeting individuals with these factors 

for proven risk-reduction therapies, or specifically treating these factors with available 

therapies, were few. They found that the explanatory power of the major, established 

cardiovascular risk factors has been systematically underestimated. 

 

The authors concluded that although C-reactive protein, lipoprotein-a, fibrinogen, and 

homocysteine are associated with vascular disease risk, their optimal use in routine 

screening and risk stratification remains to be determined(17).  

 

Picture 3.: Doppler-ultrasound (A) and angiography (B) confirmed carotid stenosis 

 

(A) 
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(B) 

 

 

 

 

Importance of clinical measurements: 

 

Inflammatory stress factors alone - such as smoking, hyperhomocysteinemia (6, 8) or 

high C-reactive protein levels - do not always explain the extent of calcified vasculature 

and later cardiovascular risk in peripheral artery disease and CAD (9).  

 

Measuring the extent of atherosclerosis by surrogate markers such as vascular 

calcification, not clearly defines plaque vulnerability and plaque remodeling.  

A wider range of surrogate startegies, such as novel biomarkers of arterial calcification 

and atherosclerosis are therefore urgently needed to help risk startification and avoid 

later major CVD complications. 
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1.1.3.  Clinical features and diagnosis 

1.1.3.1. Peripheral artery disease (lower extremity) 

 

According to the ACC/ AHA practice guidelines: `Peripheral arterial disease is the 

preferred clinical term that is used to denote stenotic, occlusive, and aneurysmal 

diseases of the aorta and its branch arteries, exclusive of the coronary arteries`(18). 

The guideline summarizes key components of the clinical preesentation of impaired 

vascular systems:: Any exertional pain, fatigue, aching, numbness which limitate  the 

lower extremity muscles or any history of walking impairment. The primary site(s) of or 

non-healing woundsand  discomfort of the lower extremity should be recorded, along 

with the relation of such discomfort to rest or exertion. Any pain at rest localized to the 

lower leg or foot and its association with the upright or recumbent positions. The 

traditional Fontaine classification is used to assess the clinical severity of the chronic 

lower extremity atherosclerotic disease (groups I, II/a, II/b, III, IV). 

 

Classic Fontaine classification: 

Stage 1 `No symptoms` 

Stage 2 `Intermittent claudication subdivided into: 

2a 
- without pain on resting, but with claudication at a distance of 

greater than 200 metres 

2b 
- without pain on resting, but with a claudication distance of less than 

200 metres` 

Stage 3 `Nocturnal and / or resting pain` 

Stage 4 `Necrosis (death of tissue) and/ or gangrene in the limb` 

 

 

Known risk factors for atherosclerosis such as smoking, hypertension, diabetes, 

hyperecholestereolemia, and hyperhomocysteinemia increase the likelihood of 

developing peripheral artery disease. Lower extremity PAD is unfortunately a common 

syndrome that affects most adult populations worldwide. Peripheral arterial disease can 

be present in subclinical form as well, being atherosclerosis a silent disease, that can be 

detected by use of vascular imaging techniques, which may reveal subclinical 
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manifestations of arterial disease before it is detected by either ankle-brachial blood 

pressure measurements or manifested clinical symptoms. 

By monitoring the intimal-medial thickness (IMT) in the carotid or femoral artery, early 

forms of asymptomatic PAD (20-50%) are easily detected in populations at risk. Other 

clinical manifestations are claudication (10-35%), atypical leg pain (40-50%) and 

critical limb ischemia (1-2%), whichdefines a significantly smaller subset of the total 

population with the disease(18). 

The prognosis of patients with lower extremity PAD is poor, there is an increased risk 

for cardiovascular ischemic events due to concomitant coronary artery and 

cerebrovascular disease. These major negative cardiovascular morbidity is more 

frequent than ischemic limb events in any lower extremity PAD cohort, whether they 

present asymptomatic PAD or classic claudication/ critical limb ischemia(18). 

 

1.1.3.2. Ischemic heart disease and aortic valve calcification 

 

Our knowledge about ischemic heart diseasebeing mainly an alteration of 

haemodynamic status has largely changed. Nowadays, ischemic heart disease is more 

likely considered a complex syndrome where hypoxia, hypoperfusion and electrolytee 

alteration of the myocardial tissue affects the respiratory and renal system and leads to a 

multi organ failure. The describing parameters of the above mentioned pathways such 

as endothelin, brain natriuretic peptide are vasoactive biomarkers, helping to understand 

the pathomechanism of the disease and to determine the therapeutic pathways (Gombos 

et al. 2008). Other vasoactive peptides, such as nociceptin might be potential 

biomarkers for assessing cardiovascular risk in the future as well. 

The common symptom of myocardial hypoxia in ischemic heart failure and in aortic 

valve calcification is stable angina pectoris (SAP). It is characterized by discomfort in 

the chest or arms, typically elicited by exertion or stress and relieved by rest or 

nitroglycerin. Less typically, discomfort may occur in the epigastric area(19).  

Atherosclerosis is the cause of most coronary artery diseases, the convetional risk 

factors for the development of the disease: hypertension, hypercholesterolaemia, 

diabetes, and smoking have an adverse influence on prognosis and outcome in those 
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with subclinical or established disease, presumably through their effect on disease 

progression(19). 

The diagnosis of angina pectoris is based upon a detailed patient history, 

electrocardiography and laboratory measurements (troponin, creatine kinase).  

 

Classification of angina severity (20, 21)according to the Canadian Cardiovascular 

Society are: 

 

Class I  „Ordinary activity does not cause angina‟ 

Class II „Slight limitation of ordinary activity‟ 

Class III „Marked limitation of ordinary physical activity‟ 

Class IV „Inability to carry out any physical activity without discomfort‟ or 

„angina at rest‟ 

 

Imaging techniques which assess the heart function are echocardiography and 

coronarography. 

 

1.2. Nociceptin/orphanin FQ 

 

1.2.1. Nociceptin/orphanin FQ and the cardiovascular system 

Identification of the opioid receptor-like ORL1 receptor (recently named as OP4/NOP) 

and its endogenous peptide nociceptin/orphanin FQ (N/OFQ) (22, 23) little over a 

decade ago opened new perspectives in the research of peptide-based signalling 

pathways in the nervous sytem. Both the peptide and its receptor are widely distributed 

in the central as well as in the peripheral nervous system and take an important role in 

modulating numerous biological functions including pain transmission, anxiety, 

memory, food intake, locomotor activity and regulate functions of some peripheral 

systems such as the airways, gastrointestinal and genitourinary systems (24, 25). 

The role of N/OFQ in the cardiovascular system was demonstrated in a large number of 

experimental studies. Based on in vitro and in vivo results it is generally accepted that 

N/OFQ induces hypotension, bradycardia and vasodilation by influencing the central 
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nervous system and peripheral tissues both directly and indirectly by reducing 

sympathetic and increasing parasympathetic influence on neurons innervating the heart 

and the vascular system (26-34) These findings were also confirmed in a study with 

spontaneously hypertensive rats (35), as well as in rats on chronic high-NaCl-diet, 

whereas prolonged effects have been seen after the administration of N/OFQ (36). 

In an experimental model cerebrospinal fluid (CSF) nociceptin/orphanin FQ was found 

elevated after acute cerebral ischemia-reperfusion (I/R) and combined hypoxia and 

ischemia-reperfusion (H-I/R) injury, whereas values returned to control level within a 

few hours of reperfusion (37). In anaesthetized rats, acute myocardial ischemia up-

regulated N/OFQ in the dorsal root ganglion and spinal cord (38). 

Clinical studies on patients with different types of CVDs are still very limited. In a 

human study, N/OFQ was found elevated in patients with acute stroke and transient 

ischemic attack. It was suggested that elevated plasma N/OFQ level is the consequence 

of stroke (39). High plasma N/OFQ levels were found in acute unstable angina pectoris, 

but not during induced myocardial ischemia (40). No evidence exists regarding the role 

of human N/OFQ in chronic ischemic cardiovascular diseases due to atherosclerosis 

which commonly involve chronic inflammation and recurrent pain. 

1.2.2. Nociceptin/ orphanin FQ in inflammation 

In a very up-to-date review, Serrano-Gomez et al. concluded that NOP and N/OFQ 

precursormRNA are found in monocytes, lymphocytes, and polymorphonuclear cells, 

suggesting a novel link between pain and inflammation(41-45). This is not the case with 

the other classical opioid receptors. In vitro studies show N/OFQ and its receptor are 

produced by immunocytes and the N/OFQ – NOP receptor crosstalk would cause 

immunomodulation, mainly pro-inflammatory stimulations, for example, induction of 

chemotaxis and proliferation of immune cells(44).However, some studies showed 

reduced immune cell proliferation and reduced chemokine production. These 

differences could be attributed to differences in techniques used to activate immune 

cells, cell population studied, and the response analysed(44). 
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Carvalho et al. found that in sepsis the administration of parenteral N/OFQ in rats 

exacerbated the inflammatory process and increased mortality(45). Animals treated with 

N/OFQ had hundred percentmortality, compared with those who wheretreated with 

NOP antagonistUFP-101 (50%)  and with untreated group (70%). N/OFQ treatment 

also caused elevated plasma levels of TNFa and IL-1b(45). In addition, using 

anaesthetized (but non-septic) rats, Brookes and colleagues showed that N/OFQ 

produced an inflammatory response, and those effects were mediated by histamine(46). 

In mesenteric vessels, the authors found vasodilatation, macromolecular leak, and 

leucocyte adhesion. Conversely, intracerebroventricular administration of N/OFQ led to 

reduced cytokine production by peritoneal macrophages in rats undergoing exploratory 

laparotomy(46).  

It is possible that there is a difference in the immune response to N/OFQ when 

adminsitered peripheralor central this is a possible new way for further 

investigation(44). 

There are few human studies. Asmall study conducted of 21 critically ill patients 

admitted to the intensive care unit (ICU) with a diagnosis of sepsis. TheyPlasma N/OFQ 

concentrations were measured over four days. Plasma concentrations of N/OFQ at ICU 

admission were elevated in patients who subsequently died compared with the one`s 

who survived. The authors concluded that despite the strikingly new results, more data 

are required to confirm these findings (47).However, a novel study summoning a larger 

cancer patient group showed a lower expression of the nociceptin precursor pre-

pronociceptin (pN/OFQ) in peripheral blood cells compared to healthy controls. The 

same finding was seen with intensive care unit patients(48). 

In a study of nociceptin knockout mice with induced colitis compared wild-type mice it 

was found that the administration of oral dextran sulphate sodium (DSS) caused bloody 

diarrhoea in the NOP wt. group but had no effect in the NOP-KO group. Histology 

showed distortion in the colon crypts and elevated number of lymphocytes, 

macrophages, and neutrophilsin the KO group compared to wild type mice(49). This 

study showed that the absence of NOP significantly reduced the inflammatory response 

to a known pro-inflammatory stimulus in chemically-induced colitis(44). 

These data suggest that elevated circulating nociceptin levels not necessarely correlate 

with the levels nociceptin transported by inflammatory cells. The other possible 
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explanation is that elevated plasma nociceptin levels down-regulate the nociceptin 

expressing genes. 

 

Pain is mediated by prostaglandins, substance P, histamine, and other substances and is 

one of the prominent features of inflammation/ischemia. . Endogenous opioids provide 

analgesia by increasing the number of opioid receptors and the availability of 

endogenous opioid peptides at the site of inflammation(44). The immun-modulatory 

effects of nociceptin and its receptor may be similar to the effect of opioids and their 

receptors at the site of inflammated terminal nerve endings. Opioid receptors are 

upregulated at these locations, since there is an increased intra-axonal transport of  

receptor  from the dorsal root ganglia, where they are synthetized. 

This process, the transport of reeceptors to the terminal nerve endings, is mediated by 

interleukin 1beta (44). 

Opioid-laden inflammatory cells -  lymphocytes, monocytes, PMN, and macrophages - 

migrate to the inflamed tissue and release the endogenous opioids such as  endorphin, 

met-enkephalin and dynorphin-A.They are stimulated by endotoxins, viruses, IL-1, and 

corticotropin releasing hormone (CRH). This novel theory of analgesia- endogenous 

opioids acting at peripheral sites - has been suggested as being part of a physiological 

neuro-immune-hormone axis(34, 50). 

 

NOP has a similar distribution to classical opioid receptors in neuronal tissue and is also 

present in leucocytes. The antinociceptive effect of N/OFQ in an animal model of bowel 

inflammation has been examined by comparing peripherally N/OFQ. 

Nociceptin administered intraperitonially decreased the painful response induced in rats 

with experimental colitis. Administration of N/OFQ antagonists increased the pain and 

diminished the positive anti-pain effect when given together with nociceptin(51). The 

authors observed an increased number of cells positive for NOP and myeloperoxidase 

activity - a marker of PMN granulation – confirming the infiltration of immunocytes 

into the inflamed tissue. Their findings supported two hypothesis: first that N/OFQ may 

act peripherally as an analgesic at sites of inflammation, second, that N/OFQ and its 

receptor NOP play a role in chemotaxis to the sites of inflammations. These actions of 
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nociceptin on PMN leukocytes and PBMCs should be further investigated in the chronic 

inflammation of the atherosclerotic plaque. 

 

1.3. Heat shock proteins 

Heat shock proteins (HSP) are phylogenetically highly conserved molecules in their 

molecular and immunological structure and biochemical properties. HSP maintains the 

homeostasis of cells and tissues. The members of the HSP family are categorised based 

on their molecular weight (kD), such as  small Hsp, Hsp40, Hsp60, Hsp70, Hsp90 and 

Hsp110. The subtypes are expressed in various cell compartments and regulate 

structural proteins(52). One of thesee functions is `chaperoning`: they maintain the 

correct formation of proteins, even in circumstances of heat or oxiadative stress. Heat 

shock protein-1 regulates the synthesis of HSP, which can be activated by various stress 

signals such as hypoxia-ischemia, heat, or proinflammatory stress. HSP helps the cells 

to withstand the worsening environment (53). 

 

1.3.1. Heat shock protein 70 

The Hsp70 class is the most studied subtype and  includes the constitutively expressed 

Hsp-8 and inducible Hsp70-1, also called HspA1B (Hsp70 in the following refers to the 

inducible form) members. Hsp70 is traditionally considered as intracellular 

cytoprotective chaperone, and its level can increase several-fold in response to stress 

(54). 

It has been recognised that Hsp70 are present in the peripheral circulation of normal 

individuals(55, 56)providing the first evidence that Hsp70 may be released into the 

extracellular environment not only in response to stress but also under physiologic 

conditions. Soluble Hsp70 showed no apparent endogenous circadian rhythm in a rested 

state (57). Elevated serum Hsp70 level was measured in pathologic pregnancies 

(58)such as preeclampsia and hemolytic anemia elevated liver enzymes low platelet 

count (HELLP) syndrome.Increased serum levels of Hsp 70 levels were reported  in 

patients with peripheral and renal vascular disease (59) and after acute myocardial 

infarction (60, 61), whereas circulating Hsp70 levels were positively related to markers 
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of tissue damage including creatine kinase MB and cardiac troponin T. In chronic heart 

failure (CHF) patients increased serum Hsp70 levels were found compared to healthy 

controls (62). It was shown that Hsp70 levels positively correlate to NYHA (New York 

Heart Association) classes. Gombos et al. (63) completed these findings in CHF by 

showing significant associations between the Hsp70 and markers of disease severity 

such as lower ejection fraction and higher NT-proBNP levels. Elevated Hsp70 and 

heme oxygenase-1 (HO-1) levels have been reported in response to LPS-induced 

endothelial injury (64) and in brain stem death triggered by hypoxia (65). 

The source of the serum Hsp70 has not been fully clarified; however, studies suggest 

that Hsp70 may be released from viable endothelial cells within exosomes (66). This 

mechanism can be induced by certain cytokines in breast adenocarcinoma (67). Hsp70 

expression was investigated in vitro in monocytes of patients suffering from obstructive 

sleep apnea syndrome(68)and of peripheral artery disease (69, 70) where lower 

inducible monocyte Hsp70 levels were found compared to healthy controls. Hsp 70 is 

expressed in small arteries (71), explicated in dendritic cells of the arterial intima (72) 

and in smooth muscle cells (73). Inducible Hsp 70 can be released from the 

hepatosplanchnic tissue during exercise (74) or from the myocardium itself (75). 

 

1.3.2. Heat shock protein 70 function in atherosclerosis – anti or 

proinflammatory? 

There is an interesting debate in the literature whether Hsp70 is a pro-or 

antiinflammatory agent. In their sophisticated review, de Jong et al. (76)summarized the 

novel achievements of this debate, where they pointed out thatHsp70 has 

immunoregulatory properties with both pro- and anti-inflammatory effects in a cross-

species manner(76). Interestingly it depends on the context and the actual source of 

Hsp70. Cytosolic Hsp70 is in charge to decrease inflammatory activity(76) In contrast, 

extracellular Hsp70 is immunostimulatory properties and has therefore been termed as a 

`chaperokine`(77). The latter is in agreement with the “danger model” proposed by 

Matzinger(78). This interesting model states that an exogenous or endogenous stress 

signal is needed for endogenous HSP upregulation, where they hamper inflammatory 

pathways and start tissue repair. On the other hand, the same receptors detect 

extracellular Hsp70 as well, such as CD40, CD91, CD94, CD195 (CCR5), oxidized 
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low-density lipoprotein receptor-1 and TLR-2 and TLR-4 (76). Monocytes, 

macrophages, dendritic cells, T-lymphocytes, NKcells and T-lymphocytes express those 

receptors  where Hsp70 can can act as an immunmodulator(79). De Jong et al. 

summarizes that meanwhile intracellular Hsp70 functions as an anti-inflammatory 

agent, its extracellular action is largely pro-inflammatory(76). This might be a 

`dichotomous immunoregulatory effect`(76), however a possible explanation would be 

while intracellular Hsp70 tries to hamper proinflammatory stress in the living cells, 

there is one point when the already dying cells produce a waste number of Hsp70 and 

secrete it into the extracellular space and the circulation. The elevated levels of  Hsp70 

would act as `danger signals` for other cells where they react for the stress by enhancing 

their pro-inflammatory mechanisms. Therefore the measurement of inducible Hsp70 

levels might be a good tool for evaluating inflammatory diseases such as 

atherosclerosis.  

 

To further support this hypothesis,  it has been shown that a number of cell types 

overexpress Hsp70 in advanced atheroma, including inflammatory cells and SMC-s as 

well. In the early lesions, only dendritic cells seem to overexpress Hsp70, which might 

activate T cells in the plaque. Hsp70 could facilitate the APC-s lipid presentation by 

acting locally in the atheroma. It was suggested that the Hsp70 overexpressing  

dendritic cells might be responsible for  the earliest steps towards atherogenesis in the 

intima (72). 

 

Two very sophisticated study by Asea et al. also investigated whether macrophage-

derived Hsp70 can induce cytokine production in naive macrophages and what are the 

receptors for this effect(80, 81). They showed a previously unknown function of Hsp70, 

namely the exogenous Hsp70 might be major paracrine inducer of cytokine expression 

and secretion through a CD14, TLR2/4 and Myd88 dependant pathway in human 

oxLDL-induced macrophages and provide a link between the establishment of lipid-

laden foam cells and the initiation of inflammatory processes in atherosclerotis(82). 

However, Zhu et al. showed quite the opposite findings in a clinical study, where higher 

serum levels of Hsp70 were associated with a lower risk of coronary artery disease(83). 
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The role of Hsp70 is still unclear in the pathology of atherosclerosis. It is not clear, 

whether a dysregulated soluble Hsp70 levels are indeed a consequence or a cause of 

atherosclerosis. The extent of atherosclerosis and the presence of cardiovascular risk 

factors (homocysteine, CRP, smoking, diabetes) might explain the dysregulation of the 

Hsp70 system. Further analysis is required in order to explain the “chaperokine” 

properties of Hsp70 in the etiology of atherosclerosis and calcification. 

 

Since both Hsp70 and nociceptin have their distinguished effects on endothelial cells, 

establishing and studying their role as atherosclerosis markers are questions of mutual 

interest. 
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2. AIMS 

 

With a pilot cohort study of atherosclerotic chronic ischemic cardiovascular 

patients we looked for the answers to the following questions: 

2.1. Do nociceptin/orphaninFQ levels correlate with the severity of ischemic heart 

failure? 

A little is known about the role of the N/OFQ system in the human cardiovascular 

system. Therefore we aimed to investigate the correlations between N/OFQ levels and 

the severity of ischemic heart failure. 

2.2. What kind of associations are present between plasma N/OFQ levels and 

peripheral artery disease? 

However endogenous N/OFQ and other nociceptin receptor agonists produce nitric 

oxide-mediated systemic hypotension, the role of N/OFQ in peripheral artery disease is 

yet unexplored. We aimed to describe the associations between N/OFQ levels and 

peripheral artery disease in our patient cohort. 

2.3. Are there any correlations between N/OFQ levels and the clinical characteristics in 

our atherosclerotic patient cohort? 

We investigated the correlation between plasma N/OFQ levels, clinical characteristics 

and laboratory parameters of patients with severe ischemic heart failure and peripheral 

artery disease. 

In a study with acute coronary syndrome patients we aimed to answer the 

following question: 

2.4. Is there a correlation between N/OFQ levels and the clinical findings in our ACS 

patient cohort? 

N/OFQ is a possible marker of disease severity since ACS is characterized by pain, 

inflammation, and loss of function. 
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In a cross-sectional study of atherosclerotic peripheral artery disease and carotid 

stenosis patients we aimed to answer the questions listed below: 

2.5. Does any association exist between the stress reaction (described with sHsp70 

levels) and the severity of calcification in atherosclerosis? 

Serum Hsp70 might contribute to the calcification process observed in severe 

atherosclerosis. We aimed to measure the extent of the calcification in our patient cohort 

and correlate those data with serum Hsp70 levels. 

2.6. Does the sHsp70 level correlate with other known risk factors of 

atherosclerosis? What kind of biological correlation does sHsp70 level have in patients 

suffering from carotid  and lower extremity stenosis? 

 

Despite multiple recent studies focused on Hsp70 as a marker of the stress changes in 

the body, less is known about its biological correlates in the clinical setting. We aimed 

to investigate the in vivo biological correlations of the studied biomarker in 

atherosclerotic calcification. The aim of our study was to identify the biological 

correlates between known risk factors and Hsp70 serum levels in our patient cohort. 

 

2.7.  Are sHsp70 levels associated with the inflammatory markers of atherosclerosis? 

Serum Hsp70, as a marker of cellular stress may play a role in the systemic 

inflammation observed in atherosclerosis, although we do not have data about the 

association between markers of inflammation, such as CRP and serum bilirubin and 

sHsp70 levels. The aim of our study was to describe, whether sHsp70 is correlated with 

CRP and bilirubin levels in our severe atherosclerotic patient groups. 
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3. METHODS 

3.1. Study populations and research design 

3.1.1. Nociceptin/orphanin FQ measurements in ischemic cardiovascular patients  

3.1.1.a Chronic heart failure and peripheral artery disease patients (1. patient 

group) 

22 patients with chronic stable angina pectoris (SAP) and 12 patients with peripheral 

artery disease (PAD) admitted to our hospital were enrolled in this study. Nociceptin 

levels were measured in 7 patients who had stable angina pectoris because of multiple 

coronary artery stenosis (SAP-multiple) and in 5 patients who had degenerative calcific 

aortic valve stenosis (AS). The severity of their symptoms required cardiac surgery. 10 

stable angina patients had only one coronary vessel affected (SAP-single), therefore 

they underwent percutaneous coronary intervention (PCI). SAP- multiple and SAP- AS 

patients presented severe angina pectoris symptoms Canadian Cardiovascular Society, 

(CCS III-IV.) (20, 21). Patients with SAP-single presented CCS II-III. grade of angina 

pectoris. Patients were asked to avoid any exertion. No patient had shown either chest 

pain or dyspnea within 1 week before the blood samples were taken. No stable angina 

patient had angina at rest. Nine PAD patients of atherosclerotic origin had severe 

intermittent claudication (<100 meters) and 3 patients had rest pain and gangrene, but 

none of them had night pain. Patients with claudication were asked to avoid any 

exertion. PAD patients with rest pain had been on analgetics (tramadol hydrochloride) 

for two weeks before blood samples were taken. No adverse effects or drug interactions 

were detected because of the analgetics. No patient had either claudication or rest pain 

within 1 week before the study. 14 healthy subjects without any cardiovascular diseases 

served as a control group. Exclusion criteria included unstable angina, elevated cardiac 

troponin enzymes, pulmonary disease, kidney or liver failure, systemic inflammatory 

processes or chronic musculoskeletal disease. 
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3.1.1.b Acute coronary syndrome patients (2. patient group) 

 

A total of 59 subjects were examined. 28 of them were admitted to the Heart Center of 

Semmelweis University (Table I). In 17 cases, acute coronary syndrome was the cause 

of admission, in which cases admission was immediately followed by taking the patient 

history and completing a thorough physical examination. 

Electrocardiography was made to determine if there was an ST elevation (>1 mm). We 

used a troponin-T quick test as a specific marker of myocardial necrosis. Blood samples 

were collected for usual laboratory measurements and enzyme diagnostics (Table II). 

Laboratory results showed enzyme positivity in 10 cases (study group No. 1: enzyme 

positive acute coronary syndrome [EPACS], n=10), the other patients were grouped as 

having enzyme negative acute coronary syndrome (study group No. 2: ENACS, n=7). 

Urgent coronarography was completed in each of the 17 cases by an experienced 

interventional cardiologist of our institute, who did not participate in this study. 

Coronarography showed significant stenosis in 15 patients, in which cases percutaneous 

coronary intervention (PCI) was performed immediately. Post-interventional 

coronarography showed good hemodynamic results.  

The other 11 patients enrolled in this study were admitted to the Heart Center with a 

known ischemic heart disease (angina pectoris or myocardial infarction in patient 

history) in a quiescent phase for a control examination. None of these patients suffered 

any pain related to their cardiac disease during the previous week of admission. Seven 

of them underwent elective coronarography; intervention was indicated and performed 

in four cases. All cardiologic patients underwent ultrasonography before being released 

from the hospital, all completed by the same cardiologist experienced in 

echocardiography. Exclusion criterias concluded liver or kidney failure, severe 

inflammation or malignant disease in patient history, thrombolytic or 

immunosuppressive therapy, and admission after more than 6 hours after the onset of 

chest pains. A group of 31 healthy people served as the control group, who were not 

aware of any disease and did not take any medication [15 males, 16 females, age 36.2 

(13.8), BMI 24.4 (4.0)]. We obtained a written informed consent from all participants. 
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All patients were managed in accordance with the guidelines of the American College 

of Cardiology and the American Heart Association (21). 

Written informed consent was obtained from all participants, and the protocol was 

approved by the Regional and Institutional Committee of Science and Research Ethics 

of Semmelweis University (205-1/2007). Research protocol was done in accordance 

with the principles of the Declaration of Helsinki. 

3.1.2. Determination of soluble Hsp70 in peripheral artery disease patients with 

vascular calcification (3. patient group) 

In this cross sectional study 180 consecutive patients were recruited at the outpatient 

clinic of the Department of Vascular Surgery of Semmelweis University Budapest 

between January and June 2009. Consecutive patients with history or present symptoms 

of atherosclerotic chronic lower limb ischemia or chronic carotid artery stenosis were 

considered for inclusion. Patients who had acute onset of lower limb ischemia, clinical 

or laboratory signs of acute infection,myocardial infarction, stroke, trauma and surgical 

procedure in the last 6 months were excluded in this study. Patients with coexisting 

malignant tumour, hepatic disease, end stage renal disease (dialysis) or immune 

suppression were also excluded. The full clinical record of the patients was registered at 

inclusion with the detailed physical status and routine clinical laboratory tests. Systemic 

atherosclerosis and calcification was assessed by ultrasound (carotid intima-media 

thickness /IMT/, presence of calcification at the abdominal aorta, carotid and femoral 

bifurcations, aortic and mitral cardiac valves). Standard serum markers of inflammation, 

diabetes, renal function, ankle-brachial indexes and traditional risk factors for 

atherosclerosis were noted. Blood samples for the measurement of serum Hsp70 were 

also collected at inclusion before the patients underwent surgery or percutaneous 

transluminal angioplasty (PTA). The study was carried out in accordance of the 

Helsinki Declaration at the Department of Vascular Surgery, Semmelweis University 

based on a study protocol approved by the Semmelweis University Regional and 

Institutional Committee of Science and Research Ethics. All patients provided written 

informed consent. 
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3.2. Clinical data 

Diagnosis of multiple or single coronary stenosis, aortic valve stenosis and peripheral 

artery disease as well as the indication for cardiac and/or vascular surgery (coronary 

artery bypass grafting, aortic valve repair, endarterectomy or arterial bypass) was 

evaluated by independent cardiologists, cardiac- and vascular surgeons, who were not 

participated in this study. 

All patients had a medical history interview and physical examination. A study 

questionnaire was used for recording the relevant demographic and clinical data (age, 

weight, height, smoking habit, medications and concomitant disease). A careful 

exploration for the presence of symptoms (exertional shortness of breath, chest pain, 

claudication or rest pain) were then followed by echocardiography and coronary/ 

peripheral angiography. The traditional Fontaine classification was used to assess the 

clinical severity of the chronic lower extremity atherosclerotic disease (groups I, II/a, 

II/b, III, IV). Group II was separated to “a” and “b” subgroups at walking distance of 

200 meters. Ankle-brachial index (ABI) measurement with Doppler ultrasound probe 

was performed by a medical doctor experienced in taking ABI. The patients lied in 

supine position after resting at normal room temperature; measurements were taken at 

each ankle over the posterior tibial and dorsal pedal arteries. ABI was calculated as the 

lowest pressure of the ankles divided by the higher of the left and right arm pressures 

(84, 85). 

In the first study group, blood pressure and pulse was also measured on the same day 

before the blood samples were taken. 

Transthoracic echocardiograms were performed by one experienced cardiologist blinded 

for other study information. According to the guidelines of the American Society of 

Echocardiography complete 2-dimensional examinations were performed including 

Doppler images in all standard views using phased array transducers (2.5-4.5MHz) of a 

Toshiba Xario and Philips IE 33 ultrasound system. 

In the first study group, echocardiography was also performed to measure left 

ventricular ejection fraction in patients suffering from chronic ischemic heart disease 

and to quantify degree of aortic valve stenosis. AS with a valve area (less than)<1.0 cm² 
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was considered severe (86). Electrocardiography was recorded in all cases to exclude 

cardiac arrhythmias and acute myocardial infarction. 

In the second study group, patients underwent ultrasonography during their ICU stay 

and before being released from the hospital, all completed by the same cardiologist 

experienced in echocardiography. 

In the third study group, mitral valve calcification was defined as an echodense 

(reaching epicardial density) structure of the anterior and posterior mitral leaflet and the 

mitral annulus on the parasternal short and long axis and apical four chamber view. 

Aortic valve calcification was determined if echodense structure (reaching epicardial 

density) was noticed at the aortic root on the parasternal short and long axis and apical 

five chamber view. Carotid IMT and the noncardiac part of the general calcification 

score was determined by a single experienced radiologist who was blinded to patients‟ 

clinical information. IMT was measured at three points on a plaque free area of the 

dorsal wall of both common carotid arteries using linear (7.5-11MHz) and convex (3.5-

5MHz) transducer of a Toshiba Aplio SSA-770 ultrasound system. The mean value and 

the maximum IMT was used for calculations (87). At the same examination carotid 

stenosis was also determined (88), stenosis with 70 % or more were determined as 

significant. After having measured both carotid arteries, the more stenotic artery was 

determined as the maximal carotid stenosis. Body mass index (BMI) was calculated as 

weight (kg) / height
2
 (m). To assess the overall extent of systemic atherosclerosis a 

calcification score (CS) was calculated after examining the vascular system at seven 

sites: both carotid bifurcations, the infrarenal aorta, both common femoral arteries, 

aortic and mitral valves by B-mode ultrasound (see technical details above at carotid 

IMT measurements). If calcification was noted, the spot was rated as 1. Sites with no 

calcification received 0, so the calcification range was 0-7 (89, 90). 
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3.2.1. Blood samples for nociceptin/ orphanin FQ measurements 

Blood samples (3.0 ml) were taken for nociceptin/ orphanin FQ measurements from 

fasting chronic heart disease or PAD subjects along with the clinical laboratory samples 

on the second day after admission before surgery or PCI. For N/OFQ measurements in 

acute coronary syndrome patients we collected blood samples two days after 

coronarography. Blood was collected in vacutainer tubes containing K-EDTA as 

anticoagulant. 100 μl aprotinin was added immediately as protease inhibitor per tube 

(0.6 TIU/ml, Calbiochem). Plasma was separated by centrifugation (Janetzky K70, 1600 

g x 15 min at 40C) and samples were kept frozen at –80 0C until direct analysis. 1000 

μl aliquots of plasma samples were mixed with equal volume of 1% v/v trifluoroacetic 

acid (TFA I.), centrifuged at 1600 g for 20 min at 4 0C. The acidified samples were 

loaded onto C18 Sep-Pack cartridges (ABLE JASCO Hungary Ltd), washed twice with 

TFA I., then eluted with 60% acetonitrile in 0.1% TFA. Samples were freeze dried by 

centrifugation (SAVANT, USA). The reconstituted eluate was subjected to 

radioimmunoassay. Nociceptin was measured by a validated radioimmunoassay (125I-

Nociceptin kit, Phoenix Pharmaceuticals, Phoenix, CA, USA) with minimum sensitivity 

of 1 pg/ml, as described before [28]. The assay was performed blind to the subject 

groups. Data were evaluated by RIA-Mat 280 (Byk-Sangtec, Dietzenbach, Germany). 

Significance was counted by using Origin-program (based on the Student t-test). Fasting 

blood samples were also used to examine standard clinical laboratory parameters and 

troponin-T levels in all cases to exclude acute myocardial ischemia, renal and hepatic 

failure, or any inflammatory processes. Clinical chemistry was performed in the local 

and as well as in the core laboratories of Semmelweis University (diagnostic 

instruments: D-Cell 5D - Diagon Ltd., Cobas Integra 400 – Roche, STA-Compact - 

Diagnostica Stago). 
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3.2.2. Serum samples for Heat shock protein 70 measurements 

Soluble Hsp70 level was measured by using R&D System (USA, Cat No. DYC1663E) 

enzyme-linked immunosorbent assay (ELISA) kit. For Hsp70 family nomenclature, the 

suggestions of Tavaria et al.(91) were used. Ninety-six-well microtitre plates were 

coated with mouse anti-human Hsp70 capture antibodies (100 µl, 2 µg/ml) in carbonate 

buffer (pH 9.5) overnight at 4°C. Plates were washed with phosphate-buffered saline 

(PBS) containing 0.1% Tween 20 three times and non-specific binding sites blocked by 

incubation with 200 µl of PBS containing 0.5% gelatine and Tween 20 for 1 h at room 

temperature (RT). After washing, 100 µl of the reference preparation (recombinant 

human Hsp70, 0–10 ng/ml) or undiluted serum samples were added, and the plates were 

incubated for 2 h at RT. Plates were subsequently washed, and Hsp70 binding was 

determined using biotinylated rabbit antihuman antibodies (100 µl, 0.5 µg/ml) in PBS 

gelatine. After 1.5 h at room temperature, plates were washed and incubated with 

streptavidin–horseradish peroxidase (1:200) in PBS gelatine for 20 min at RT. Plates 

were washed, and 100 µl of o-phenylene-diamine (Sigma, St. Louis, MO, USA) in 

citrate buffer was added. The optical density was measured at λ=490 nm (reference at 

λ=620 nm). The detection range of the assay was 0.05–10 ng/ml, the intra/ inter-assay 

variability <10/<16%, respectively. 

Fasting serum samples were also used to examine standard clinical laboratory 

measurements, CRP and homocysteine levels in the core laboratory of Semmelweis 

University (diagnostic instruments: D-Cell 5D - Diagon Ltd., Cobas Integra 400 – 

Roche, STA-Compact - Diagnostica Stago).We used the Cockcroft-Gault formula for 

the calculation ofglomerular filtration rate. Estimated glomerular filtration rate = ([140-

age] X weight in kg) X constant/ (serum creatinine (µmol/L), whereconstant was 1.23 

for men and 1.04 for women. 
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3.3. Statistics 

3.3.1. Statistical analysis – N/OFQ study 

Brown-Forsythe ANOVA accompanied by Games-Howell post hoc tests was used to 

compare plasma N/OFQ level means between the groups. The relationships of binary 

patient characteristic variables (coded by 0 and 1) with plasma N/OFQ were examined 

by logit model. Factor analysis was used to classify patient characteristic variables 

together with plasma N/OFQ and in order to reveal underlying hidden factors. 

Associations between continous patient characteristic variables and N/OFQ were 

explored by linear and nonlinear regression technique. Data are presented in the text as 

median and interquartile range (IQR). P<0.05 was considered as statistically significant. 

Statistical analyses were carried out by Statistica 8.0 (StatSoft Inc. Tulsa, OK, USA), 

SPSS 15.0.1 (SPSS Inc. Chicago, IL, USA) and self-devised scripts running in the 

MATLAB software environment (The MathWorks Inc., Natick, MA, USA). 

 

3.3.2. Statistical analysis - Hsp70 study 

As most of the variables had non-Gaussian distributions, data are presented in the text 

and in the tables as median (25th–75th percentile) or as number (percent). Non-

parametric tests were used for group comparisons; continuous variables between two 

groups were compared with the Mann–Whitney U test. Spearman rank correlation 

coefficients were calculated for estimation of interrelations between sHsp70 and other 

variables. A Power calculation was used to estimate the sample size in the correlation 

analysis between sHsp70 levels and CS (P=0.62). Multiple logistic regression analysis 

was applied to estimate interrelationship between variables as categorical predictors and 

severity of peripheral artery disease. Analyses were carried out using STATISTICA 8.0 

(StatSoft Inc., Tulsa, OK, USA), Prism for Windows 5.01 (GraphPad Software, San 

Diego, CA, USA) and SPSS for Windows 15.0.1 (SPSS Inc., Chicago, IL) statistical 

software products.All statistical analyses were performed two-tailed and p<0.05 was 

considered as significant. 
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4. RESULTS 

 

4.1.1 Association of plasma nociceptin/orphanin FQ levels with chronic ischemic 

cardiovascular diseases 

 

The baseline clinical and laboratory characteristics of the study population are reported 

in Table 1 and in Table 2.  

The severity of symptoms of our patients required surgical or interventional treatment in 

all cases. The median value of LVEF in the stable angina group was 50 (43-56). Mean 

arterial pressure/ pulse in the SAP and PAD groups were 90 (82-100) mmHg/ 69 (64-

72) beats/min and 96 (88-105) mmHg/ 85 (78-91) beats/min, respectively. Lipid profile 

results showed moderately higher than normal levels of triglyceride and cholesterol.  

Creatinine sample medians and interquartile ranges were as follows 109 (81-178) 

μmol/l for the SAP-single, 98 (90-117) μmol/l for the SAP-multiple, 89 (79-99) μmol/l 

for SAP-AS and 71 (65-93) μmol/l for the PAD patient groups. 

N/OFQ level showed non-normal (skewed) distribution with different skewnesses in the 

control and patient groups. The following median (IQR) plasma N/OFQ levels were 

found for each groups - SAP-single: 7.49 (7.23-8.12) pg/ml; SAP-multiple 6.88 (6.27-

7.46) pg/ml; SAP-AS: 7.05 (5.75-7.54) pg/ml; PAD: 6.99 (6.16-7.05) pg/ml and healthy 

control: 9.50 (8.43-10.88) pg/ml as visualized on Fig. 1 and Fig. 2. 
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Grouped by more severe CCS score, SAP-multiple/ SAP-AS together had a 6.96 (6.27-

7.38) pg/ml plasma N/OFQ level.  

Median-centered Fligner-Killeen median test demostrated (F=5.18, df1=3, df2=42, 

p=0.004) that the data violated the assumption of homoscedasticity. Therefore the 

Brown-Forsythe ANOVA was used which showed a significant main effect, F(3,23.9)= 

20.41, p<0.001.  

Post hoc multiple comparisons detected significant difference between SAP-single and 

SAP-multiple/ SAP-AS patient groups (p=0.04). Nociceptin/Orphanin FQ levels did not 

differ from each other between SAP-multiple and SAP-AS groups (p= n.s.).  

SAP-single and SAP-multiple groups tended to, but did not differ significantly from 

each other either (p=0.079). SAP-multiple and SAP- AS patient‟s N/OFQ levels proved 

to be significantly lower than that of the healthy control‟s (p=0.001 and 0.008 

respectively). This difference was also true by SAP-single vs. healthy controls 

(p=0.014) (Fig. 1). 

Nociceptin/ orphanin FQ plasma levels showed a marked difference between PAD and 

control groups (p=0.001) (Fig. 2). 
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Table 1. Demographic findings – nociceptin study 

 
Stable angina pectoris 

n=22 

Peripheral artery disease 

n=12 

Gender (M/F) 14/8 8/4 

Age (years) 72.5 (67.8-76) 65 (59-68) 

BMI (kg/m²) 26.2 (24.6-28.7) 25.8 (24.5-30.5) 

Risk factors   

Diabetes mellitus 7 (32%) 4 (33%) 

Hypertension 20 (91%) 11 (92%) 

Hyperlipidemia 15 (68%) 5 (42%) 

Current smoking 7 (32%) 6 (50%) 

Drug therapy   

Aspirin 7 (32%) 11 (92%) 

Clopidogrel 4 (18%) 2 (17%) 

LMWH 4 (18%) 1 (8%) 

Oral anticoagulants 6 (27%) 2 (17%) 

ACE-inhibitors 14 (64%) 5 (42%) 

Angiotensin receptor 

blockers 8 (36%) - 

β-Blockers 14 (64%) 5 (42%) 

Calcium antagonists 6 (27%) 6 (50%) 

Nitrates 5 (23%) 2 (17%) 

Glycosides 2 (9%) - 

Statins 13 (59%) 5 (42%) 

Oral hypoglycemics 4 (18%) 2 (17%) 

Diuretics 12 (54%) 2 (17%) 

 

This table shows the demographic characteristics of stable angina pectoris and 

peripheral artery disease patients enrolled in our first patient cohort. 
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Table 2. Laboratory parameters – nociceptin study 

 

 

This table shows the clinical laboratory results of stable angina pectoris and peripheral 

artery disease patients enrolled in our first patient cohort. The samples were 

simultaneously taken with the plasma samples for the nociceptin/ orphanin FQ 

measurements. 

eGFR estimated glomerular filtration rate 

Values are median (interquartile range) or number (%) 

 

Stable angina pectoris 

n=22 

Peripheral artery disease 

n=12 

White blood count (G/l) 10 (6-13) 8 (6-12) 

Thrombocytes (G/l) 140 (102-204) 229 (188-251) 

Hemoglobin (mmol/l) 12.3 (9.7-13.5) 14.5 (13.9-15.1) 

Serum sodium (mmol/l) 137 (133-140) 141 (138-143) 

Serum potassium (mmol/l) 4.4 (4.1-4.9) 4.5 (4.3-4.8) 

Serum creatinine (μmol/l) 98.0 (81.0-118.0) 71 (65-93) 

Serum carbamide (mmol/l)  7.7 (5.5-10.8) 6.6 (5.20-7.85) 

eGFR (ml/min) 60 (50-69) 88 (74-110) 

Triglyceride (mmol/l) 1.6 (1.3-2.1) 1.3 (1-2.5) 

Total cholesterol (mmol/l) 4.5 (3.7-5.1) 4.9 (4-6.5) 
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Figure. 1. Box and whiskers plots show plasma N/OFQ levels in stable angina pectoris 

expressed with median, maximum and minimum values and interquartile ranges  

 

SAP-AS: Stable angina pectoris – aortic stenosis 

SAP-multiple: Stable angina pectoris – multiple coronary stenosis 

SAP-single: Stable angina pectoris – single coronary stenosis 

 

p = 0.079 

p = 0.014 

p = 0.001 

p = 0.008 

p = 0.004 
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Fig. 2. Box and whiskers plots shows plasma N/OFQ levels in peripheral artery disease 

expressed with median, maximum and minimum values and interquartile ranges 

 

 

PAD: peripheral artery disease 

 

 

 p = 0.001 
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We investigated the correlation between plasma N/OFQ levels, clinical characteristics 

and laboratory parameters of patients with SAP and peripheral artery disease. N/OFQ 

levelscovariate with creatinine (r=0.38, p=0.04) and the linear regression explains 14% 

of N/OFQ level variance in the patient groups. 

Linear association was detected also in SAP-single group, interestingly enough, 

between patients‟ plasma N/OFQ levels and arterial pulse (r= - 0.72, p=0.04), the higher 

the N/OFQ levels the lower the pulse. Significant nonlinear (second order polynomial) 

regression describes the association between urea and N/OFQ level (R
2
=0.91, p=0.03) 

and between N/OFQ and SBP (R
2
=0.77, p=0.02) both in the SAP-single group. 

Exploratory factor analysis with varimax rotation was used to identify the underlying 

hidden structure of the relationships between the following simultaneously measured 

variables: N/OFQ, age, WBC, THR, Hb, cholesterol, triglyceride, glucose A, eGFR, 

creatinine, systolic blood pressure, and diastolic blood pressure. Four factors were 

found which together account for 72% of the variance. N/OFQ level proved to be a 

separate factor explaining 31.9% of the total variance, with factor loading 0.92. The 

second factor explaines 17.4 % of the total variance and consist of the cholesterol, 

triglyceride and glucose, with factor loadings 0.85, 0.87, and 0.71, respectively. The 

third factor comprised eGFR and creatinine with loadings 0.85 and -0.,83, respectively 

and accounts for 13.4% of the total variance. Finally the fourth factor was associated to 

WBC, with loading -0.76 and explains further 9.2% of the variance. 
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4.1.2. Association of plasma nociceptin/orphanin FQ levels with disease 

characteristics after acute coronary syndromes 

 

Median (IQR) plasma N/OFQ levels were found as follows: 6.86 (6.24-7.32) pg/ml for 

the group of enzyme positive acute coronary syndrome, 6.97 (6.87-7.01) pg/ml for 

enzyme negative acute coronary syndrome and 7.58 (7.23-8.20) pg/ml for ischemic 

heart diseases. We measured a level of 8.86 (7.27-9.83) pg/ml in the control group. We 

did not detect any significant difference between N/OFQ levels measured in male and 

female subjects. Analysis of plasma N/OFQ levels in the control group showed a much 

wider interquartile range compared to the other three groups. Further investigations are 

needed to clarify whether or not healthy people can be divided into subgroups regarding 

the plasma N/OFQ levels. 

 

Owing to the apparent heteroscedasticity (Fig. 1. showing the interquartile ranges) 

analysis of variances were performed by Brown-Forsythe ANOVA. The main effect for 

N/OFQ was significant, F (3,50.8)=21.6, p<0.000. Post hoc tests revealed that N/OFQ 

was significantly lower in all cardiovascular patients compared to the control group 

(EPACS p<0.000, ENACS p<0.000, IHD p=0.05). Plasma N/OFQ levels in ischemic 

heart diseases at the same time were significantly higher than what we measured in 

enzyme positive acute coronary syndrome (p=0.009) and in enzyme negative acute 

coronary syndrome (p=0.012).  
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Fig. 1. Box and whisker plot of plasma N/OFQ levels shows the median, minimum and 

maximum values and the interquartile ranges in the groups of enzyme positive ACS 

(n=10), enzyme negative ACS (n=7), ischemic heart diseases (n=11) and in healthy 

control subjects (n=31).  

 

 

Statistical analyses of patient characteristics found the following variables also showing 

difference between the three patient groups (Table 1.). Age was significantly higher in 

the enzyme positive ACS group compared to enzyme negative ACS (p=0.02). In spite 

of this age difference together with the fact that all the patient group‟s age were higher 

than that of the healthy control group age is not a covariate, thus, there was no need to 

control for this variable in N/OFQ ANOVA. Laboratory results showed (Table 2.) that 

CK was significantly higher in the enzyme positive ACS group compared to enzyme 

p=0.000006 

p=0.000003 

p=0.04828

1 

p=0.008784 

p=0.011758 
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negative ACS and to the ischemic heart disease group (both with p=0.04). Admission 

glucose level was significantly higher in the enzyme positive acute coronary syndrome 

compared to the other two groups (p=0.03 for ENACS and p=0.04 for OHD). LDH 

difference between EPACS and ENACS groups were also significant (p=0.05).  

Echocardiography completed two days after admission showed that ejection fraction 

was significantly lower in the EPACS group compared to the ENACS (p=0.016). Other 

patient characteristic variables did not show significant differences (Table 2.). 

Strong linear association was detected in the enzyme positive group between plasma 

N/OFQ levels and white blood cell (WBC) and platelet (PLT) count (Fig. 2., r=0.93, 

p=0.0001 for WBC, and 0.69 with p=0.03 for PLT) (Fig. 1.). 

 

Table I. Patient characteristics 

 

 

Enzyme positive 

ACS  

(n=10) 

Enzyme negative 

ACS  

(n=7) 

Ischemic heart 

disease  

(n=11) 

Sex (male/female) 4/6 4/3 6/5 

Age (years) 71 (62-79) 57 (52-65) * 75 (62-76) 

BMI (kg/m
2
) 23.8 (23.5-31.2) 25.3 (23.2-34.9) 25.3 (23.8-28) 

Systolic pressure (mmHg) 128 (100-140) 132 (114-143) 120 (112-140) 

Diastolic pressure (mmHg) 70 (50-72) 75 (65-79) 70 (70-77) 

Heart rate (beats/min) 80 (73-85) 72 (65-75) 72 (67-81) 

Ejection fraction (%) 50 (42.5-52.5) 56 (55-57.75) * 45 (32-55) 

Risk factors    

Previous myocardial 

infarction 
3 (30%) 1 (14%) 5 (45%) 

Previous PCI 3 (30%) 2 (29%) 7 (64%) 

Previous stroke 1 (10%) 0 (0%) 2 (18%) 

Current smoking 3 (30%) 2 (29%) 2 (18%) 

Diabetes mellitus 6 (60%) 1 (14%) 2 (18%) 

Hypertension 9 (90%) 7 (100%) 11 (100%) 

Hyperlipidaemia 7 (70%) 4 (57%) 9 (82%) 
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Drug therapy    

Aspirin 4 (40%) 4 (57%) 6 (55%) 

Ticlopidine 1 (10%) 0 (0%) 1 (9%) 

Clopidogrel 2 (20%) 3 (43%) 2 (18%) 

Oral anticoagulants 0 (0%) 2 (29%) 3 (27%) 

Beta-blockers 5 (50%) 5 (71%) 6 (55%) 

Calcium antagonists 3 (30%) 2 (29%) 3 (27%) 

ACE-inhibitors 7 (70%) 5 (71%) 7 (64%) 

Angiotensin-II antagonists 2 (20%) 3 (43%) 5 (45%) 

Nitrates 2 (20%) 2 (29%) 4 (36%) 

Statins 5 (50%) 4 (57%) 8 (73%) 

Oral antidiabetics 4 (40%) 1 (14%) 2 (18%) 

Insulin 1 (10%) 0 (0%) 0 (0%) 

Diuretics 4 (40%) 4 (57%) 7 (64%) 

Antiarrhythmics 3 (30%) 3 (43%) 6 (55%) 

 

 

Values are expressed as median (interquartile ranges) or as the number of patients 

(percentages) 

P values show differences compared to the enzyme positive ACS group (p<0.05 *). 
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Table II. Clinical chemistry 

 

 
Enzyme positive ACS  

(n=10) 

Enzyme 

negative ACS  

(n=7) 

Ischemic heart disease  

(n=11) 

Creatinine kinase 

(U/l) 
818.50 (211.25-2861.50) 

132.00 (81.50-

148.00) * 

95.00 (89.50-110.25) 

* 

LDH (U/l) 802.50 (488.50-2475.00) 
399.00 (333.00-

483.50) * 

552.00 (319.25-

673.75) 

CRP (mg/l) 26.630 (2.63-101.73) 
2.50 (2.40-

67.40) 
2.70 (0.40-5.00) 

HBDH (U/ml) 347.50 (230.25-1071.25) 
167.50 (151.00-

206.50) 

191.50 (131.50-

268.75) 

INR 1.18 (1.03-1.20) 1.50 (1.10-1.89) 1.53 (1.05-2.00) 

White blood cell 

count (G/l) 
10.50 (6.23-19.08) 

9.60 (7.40-

13.20) 
6.80 (5.30-10.00) 

Platelet count (G/l) 214.50 (160.00-254.25) 
223.00 (165.50-

290.00) 

214.00 (201.00 -

230.00) 

Hb (g/l) 12.15 (10.33-13.00) 
14.50 (11.80-

15.55) 
13.20 (12.50-13.90) 

Serum sodium 

(mmol/l) 
141.00 (137.75-142.75) 

143.00 (140.50-

146.50) 

138.00 (137.00-

141.00) 

Serum potassium 

(mmol/l) 
4.35 (3.93-4.53) 4.30 (3.95-4.40) 4.30 (4.10-4.90) 

Cholesterol (mmol/l) 5.00 (2.50-5.55) 4.45 (4.40-5.25) 3.90 (3.35-4.55) 

Tryglicerid (mmol/l) 0.60 (0.50-1.05) 1.45 (0.80-2.48) 1.27 (0.90-1.50) 

LDL (mmol/l) 4.10 (1.40-4.90) 3.30 (3.30-4.00) 2.80 (2.80-3.20) 

HDL (mmol/l) 1.20 (0.90-1.70) 1.30 (0.83-1.48) 1.10 (0.93-1.58) 

Admission glucose 

(mmol/l) 
11.45 (6.25-17.45) 

5.20 (5.03-6.43) 

* 
5.70 (4.78-7.50) * 

Fasting glucose 

(mmol/l) 
6.40 (4.85-9.25) 6.25 (4.80-7.70) 5.70 (5.70-5.70) 

ALP (U/l) 177.50 (92.25-193.00) 254.50 (171.50- 187.00 (134.50-
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Values are expressed as median (interquartile ranges) or as the number of patients 

(percentages) 

 

LDH lactate dehydrogenase CRP C-reactive protein, HBDH hydroxybutyrate 

dehydrogenase, INR International Normalized Ratio, Hb hemoglobin, LDL low-density 

lipoprotein- cholesterol, HDL high-density lipoprotein-cholesterol, ALP (alkaline 

phosphatase), GOT (glutamate oxalacetate transaminase), GPT (glutamic pyruvic 

transaminase)   

P values show differences compared to the enzyme positive ACS group (p<0.05 *, 

p<0.01 **). 

 

We noticed further significant correlations between N/OFQ levels of the subjects in the 

same group of enzyme positive ACS and creatine-kinase (CK), and plasma cholesterol 

level (correlation coefficients and p values were 0.73 with p=0.02 for CK, and -0.66 

with p=0.05 for cholesterol) (Fig. 3.). Significant nonlinear (power) regression was 

found between N/OFQ and glutamate oxalacetate transaminase (GOT) in EPACS group 

(R
2
=0.49, p=0.03). N/OFQ has a nearly significant nonlinear (quadratic) association 

with C-reactive protein (CRP) (R
2
=0.629, p=0.07). 

302.25) 253.00) 

GOT (U/l) 35.00 (24.75-208.50) 
20.00 (17.50-

23.50) 
23.00 (18.75-27.25) 

GPT (U/l) 24.00 (17.50-44.50) 
18.00 (14.50-

33.00) 
19.50 (13.50-33.00) 

Serum creatinine 

(μmol/l) 
95.50 (79.50-244.25) 

90.00 (65.50-

118.50) 
109.00 (81.00-178.00) 

Serum carbamide 

(mmol/l) 
9.00 (5.38-19.13) 

6.30 (4.90-

10.35) 
6.60 (5.25-10.33) 

Nociceptin/ orphanin 

FQ (pg/ml) 
6.86 (6.24-7.32) 6.97 (6.87-7.01) 7.58 (7.23-8.20) ** 
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Based on the N/OFQ level measured in patient groups two binary variables could be 

predicted, pain and necroenzyme efflux, using logistic regression. Low N/OFQ level 

predicted pain (Chi
2
=27.5, df=1, p<0.000) and necroenzyme efflux (Chi

2
=7.8, df=1, 

p=0.005). 

Exploratory factor analysis classified the 25 patient characteristic variable together with 

the plasma N/OFQ into three factors wich explain nearly equal proportions of the total 

variance. The factors represent common underlying hidden phenomena and are 

responsible for the covariation between the observed variables. The first latent factor 

has an r=0.92 correlation with N/OFQ and the other variables in this factor are INR, 

platelet count, TG, SGOT and SGPT. The members of the second factor are age, heart 

rate, CRP, Hb, cholesterol, HDL, GGT, creatinine and urea. The third factor consists of 

the following patient characteristic variables: systolic blood pressure, serum CK, LDH, 

HBDH, EF, LDL, GLC admission, and ALP. 
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Fig. 2. Scatterplots showing the linear regression between the N/OFQ level and other 

laboratory parameters in the group of enzyme positive acute coronary syndrome 

(EPACS).A: N/OFQ and WBC count (r=0.93, p=0.0001). B: N/OFQ and platelet count 

(r=0.69, p=0.03) C: N/OFQ and serum CK (r=0.73, p=0.02). 
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Fig. 3. Scatterplots showing the linear regression between A: N/OFQ and cholesterol 

(r=-0.66, p=0.05) and nonlinear regression between B: N/OFQ and c-reactive protein 

(R
2
=0.629, p=0.07). C: N/OFQ and serum GOT (R

2
=0.49, p=0.03)Outliers are not 

shown. 
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4.2. Association of soluble heat shock protein 70 with vascular calcification 

 

4.2.1 Patient characteristics 

The mean age was 64 years in our 180 patient study population, 56 (31.1 %) were 

female, 98 (54.4 %) were current smokers and 55 (30.6%) were past smokers, only 27 

(15%) patients smoked never before. The baseline clinical and laboratory characteristics 

of the study population are reported in Table 1. Thirty-seven (20.6 %) patients suffered 

from significant carotid stenosis only, 91 (50.6%) participants had only lower extremity 

arterial disease, whereas 52 (28.9%) patients suffered from both diseases.  

The severity of symptoms of our patients required surgery or PTA in 30 (81%) carotid 

patients, in 80 (88%) PAD patients and in 50 (96%) patients suffering from the both 

diseases. According to the Fontaine classification (I-IV) of chronic atherosclerotic lower 

extremity arterial disease, 129 patients (71.7%) belonged to Fontaine II/b-IV groups. 

The median values of ankle-brachial index was0.50 (0.26-0.76), mean IMT was 0.83 

mm (0.70-0.97) and worst IMT was 1.00 mm (0.80-1.30) respectively. Lipid profile 

results showed moderately higher than normal levels of triglyceride, cholesterol and 

low-density lipoprotein (LDL). The median calcification score (CS) was 5 (4-6), this 

corresponds with the severe systemic arterial calcification of our cohort. 
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Table 1. Clinical patient characteristics (n=180) – sHsp70 study 

Variables  

Demographics and risk factors  

Age (years) 64.1 (57.04-70.66) 

Gender (male) 124 (68.89%) 

BMI 26.1 (23.88-28.99) 

Smoking (years) 35 (25-41) 

Consumed cigarettes/day 20 (20-30) 

Hypertension 140 (77.78%) 

Diabetes 62 (34.44%) 

Ischemic heart disease 65 (36.11%) 

Carotid stenosis significant (%) 95 (52.78%) 

Carotid stenosis maximum 0.6 (0-0.9) 

Fontaine stages I, II/a, II/b, III, IV (n=143) 14, 21, 83, 12, 13 

ABI 0.50 (0.26-0.76) 

IMT mean (mm) 0.83 (0.70-0.97) 

IMT maximum (mm) 1.00 (0.80-1.30) 

Calcification score 5 (4-6) 
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Table 1. Clinical patient characteristics (n=180) – sHsp70 study 

Drug therapy  

Aspirin 118 (65.56%) 

Clopidogrel 49 (27.22%) 

Oral anticoagulants 12 (6.67%) 

ACE-inhibitors 102 (56.67%) 

Angiotensin receptor blockers 102 (56.67%) 

β-blockers 83 (46.11%) 

Oral hypoglycemics 43 (23.89%) 

Insulin 18 (10.00%) 

Statins 105 (58.33% 

Laboratory findings  

Serum sodium (mmol/l) 141 (138-143) 

Serum potassium (mmol/l) 4.5 (4.3-4.8) 

Serum calcium (mmol/l) 2.47 (2.38-2.53) 

Serum phosphate (mmol/l) 1.11 (0.97-1.21) 

Serum creatinine (μmol/l) 89 (80-103) 

Serum carbamide (mmol/l)  6.6 (5.20-7.85) 

eGFR (ml/min) 75.8 (57.17-94.36) 

Serum bilirubin (μmol/l) 9.65 (7.25-13.05) 
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Table 1. Clinical patient characteristics (n=180) – sHsp70 study 

Laboratory findings (continued) 

AST (U/l) 

 

21 (17-26) 

ALT (U/l) 21 (14-28) 

Gamma-GT (U/l) 33 (22-55) 

Serum albumin (g/l) 46.5 (43.20-49.00) 

CRP (mg/l) 2.7 (0.9-6.5) 

Homocysteine (μmol/l) 16.1 (13.20-19.30) 

Triglyceride (mmol/l) 1.7 (1.20-2.40) 

Total cholesterol (mmol/l) 5.2 (4.30-6.40) 

LDL (mmol/l) 3.1 (2.61-4.07) 

HDL (mmol/l) 1.4 (1.20-1.58) 

Fetuin-a (μg/l) 732 (648-804) 

Soluble Hsp70 (ng/ml) 0.63 (0.52-0.81) 

 

BMI Body mass index ABI Ankle-brachial index, IMT intima-media thickness, 

ASTaspartate aminotransferase, ALTalanine aminotransferase, Gamma-GT gamma-

glutamyl transpeptidase, CRPC-reactive protein, eGFR estimated glomerular filtration 

rate, LDL low-density lipoprotein- cholesterol, HDL high-density lipoprotein- 

cholesterol. Values are median (interquartile range) or number (%) 
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4.2.2 Correlation of soluble Hsp70 levels with calcification severity 

We investigated the association between serum Hsp70 levels and calcification score, 

clinical characteristics and laboratory parameters of patients with peripheral artery 

disease. Analysis of clinical characteristics and other laboratory parameters revealed a 

significant correlation between serum heat shock protein 70 levels and age, serum 

bilirubin (Table 2) 

There were no significant correlations between sHsp70 concentrations and other 

markers of liver injury [aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), γGT]. 

No significant association was found between serum Hsp70 levels and clinical 

characteristics such as gender, BMI, hypertension, diabetes, presence of ischemic heart 

disease, mean IMT, ankle-brachial index.Most importantly, no correlation with CRP, 

triglyceride, cholesterol, serum creatinine, serum carbamide levels and eGFR was 

observed (Table 2). 

No correlation was found between sHsp70 levels and any of the medications used at the 

time the blood samples were taken (data not shown). No significant differences have 

been found between the three patient groups in age, gender, BMI, diabetes, smoking, or 

calcification scores (p= n.s., respectively). 

The examination of Hsp70 levels (p=0.993) or calcification scores (p=0.909) in diabetic 

and non-diabetic patients resulted no differences. 

Patients with higher calcification scores had higher soluble heat shock protein levels 

(Mann-Whitney probe, p<0.02). The significant relationships between soluble Hsp70 

levels and homocysteine, serum bilirubin levels and calcification scores are visualized 

on Figure 1 (Fig.1. a,b,c). 
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Table 2. Correlation coefficients with p values between serum Hsp70 levels and 

clinical and laboratory variables (total n=180) 

Variables r p-value 

Age 0.150549 0.045485 

Gender (male) -0.026178 0.729442 

BMI 0.083219 0.270798 

Smoking (years) 0.090170 0.269263 

Consumed cigarettes/day 0.031008 0.704520 

Hypertension 0.097433 0.196998 

Diabetes -0.007125 0.925012 

Ischemic heart disease 0.099890 0.185885 

Carotid stenosis significant (%) 0.055731 0.461263 

Carotid stenosis maximum 0.061359 0.417191 

Fontaine stages I, II/a, II/b, III, IV (n=143) -0.157684 0.062791 

ABI 0.062841 0.406005 

IMT mean (mm) 0.076109 0.325362 

IMT maximum (mm) -0.031641 0.682991 

Calcification score 0.168998 0.024535 

Serum creatinine (μmol/l) 0.111446 0.139731 

Serum carbamide (mmol/l) Urea 0.030041 0.691422 

eGFR (ml/min) -0.094085 0.212905 
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Table 2. Correlation coefficients with p values between serum Hsp70 levels and 

clinical and laboratory variables (total n=180) 

Variables r p-value 

Serum bilirubin (μmol/l) 0.233000 0.002036 

AST (U/l) GOT 0.126953 0.094095 

ALT (U/l) GPT 0.101128 0.184258 

Gamma-GT (U/l) 0.150425 0.046923 

Serum albumin (g/l) -0.045852 0.551502 

CRP (mg/l) -0.085874 0.262677 

Homocysteine (μmol/l) 0.179437 0.017829 

Triglyceride (mmol/l) -0.026359 0.729904 

Total cholesterol (mmol/l) -0.028605 0.707898 

LDL (mmol/l) -0.027531 0.728840 

HDL (mmol/l) 0.020420 0.795849 

Fetuin-a (μg/l) 0.003335 0.964965 

 

BMI Body mass index, ABI Ankle-brachial index, IMT intima-media thickness, 

ASTaspartate aminotransferase, ALTalanine aminotransferase, Gamma-GT gamma-

glutamyl transpeptidase, CRPC-reactive protein, eGFR estimated glomerular filtration 

rate, LDL low-density lipoprotein- cholesterol, HDL high-density lipoprotein- 

cholesterol. 
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Figure 1 (Fig.1. a,b,c) Association of serum Hsp70 levels with calcification score (a) 

and homocysteine levels (b) and serum bilirubin levels (c) in patients with 

peripheral artery disease and carotid stenosis. 

Figure 1. a. Association of serum Hsp70 levels with calcification score (CS) 

 

This figure shows that sHsp70 levels are elevated in patients with higher calcifications 

scores compared to those with lower calcification scores. 

DOI:10.14753/SE.2014.1872



60 

 

Figure 1. b. Association of serum Hsp70 levels with homocysteine levels 

 

 

 

 

Figure 1. c. Association of serum Hsp70 levels with serum bilirubin levels 
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In an univariate analysis, patients with sHsp70 level above the 75th percentile (0.7296 

ng/ml) had an almost 2.2-fold risk to belong to the seriously calcified group (CS 6-7). 

To evaluate the association of sHsp70 level and the extent of arterial calcification, 

logistic regression analysis were performed. We examined the possible effect of three 

models (Model 1: age, gender, eGFR; model 2: model 1 + smoking (years); model 3: 

model 2 + CRP model 4: model 3 + homocysteine) on the odds ratio. After correction 

for those major confounding factors the significant correlation between circulating 

Hsp70 and arterial calcification still remained significant (Table 3.). Adjustment for 

type II diabetes mellitus with age, gender and eGFR has also not influenced the 

significant risk (OR= 2.136 (1.077-4.237) p=0.03) for extended calcification in patients 

with higher soluble Hsp70 levels. 

Table 3. Association between sHsp70 and arterial calcification score 

 Odds of more severe arterial calcification p-value 

unadjusted 2.189 (1.156-4.144) 0.016 

Model 1 2.110 (1.066-4.175) 0.032 

Model 2 2.233 (1.054-4.730) 0.036 

Model 3 2.403 (1.115-5.181) 0.025 

Model 4 2.264 (1.021-5.020) 0.044 

 

Odds ratio (OR) and 95 % confidence intervals (CI) were obtained by logistic 

regression model 

Model 1. Demographics: age, gender, eGFR 

Model 2. Model 1+Smoking (years) 

Model 3. Model 2+CRP 

Model 4. Model 3+Homocysteine 
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5. DISCUSSION 

5.1.1. Association of plasma nociceptin/orphanin FQ levels with chronic ischemic 

cardiovascular diseases 

Plasma nociceptin/orphanin FQ levels were significantly lower in patients with chronic 

angina pectoris and peripheral artery disease than in healthy controls. Nociceptin levels 

did not significantly differ in patients with aortic stenosis, multiple coronary stenosis 

compared to patients with intermittent claudication or rest pain medicated with 

analgetics. None showed any discomfort or chest/ limb pain during the last one week 

before the fasting blood samples for N/OFQ levels were taken. The novel finding of this 

study is the striking decrease of nociceptin/orphanin FQ plasma levels in our patient 

groups with severe chronic ischemic cardiovascular diseases due to atherosclerosis.  

N/OFQ plays a major role in pain management in experimental settings, however 

changes in human nociceptin levels are controversial in pain-related diseases. Clinical 

reports on changes in endogenous N/OFQ levels concentrated so far mainly on acute, 

subacute and chronic pain-related states/disorders. Brooks et al. were the first 

identifying nociceptin in human CSF and plasma by 
125

I-RIA technique. They reported 

that acute pain of labor has no association with the nociceptin levels (92). However Ko 

et al. found in patients with acute (within 4 weeks), subacute (4 weeks to 6 months), and 

chronic (> 6 months) pain states of different etiology that serum concentration of 

nociceptin was significantly higher in the patients with pain than in normal healthy 

subjects (93). N/OFQ level was significantly higher in the chronic pain group than acute 

pain group. Plasma nociceptin level of female cyclic patients with fibromyalgia 

syndrome in the luteal phase was found lower than in corresponding controls (94). It 

was concluded that perturbed plasma N/OFQ levels may be linked to both the sex 

hormones and to the stress system. This finding is in line with the results of Xie et al. 

(95) who found that transcription of the N/OFQ gene was enhanced by estrogen.Plasma 

N/OFQ was found to be elevated in chronic liver disorders such as Wilson disease (96), 

primary biliary cirrhosis (97), and hepatocellular carcinoma (98). In primary 

neurovascular headaches (migraine and cluster headache) plasma nociceptin levels were 

significantly lower than in age-, and sex-matched controls. Functional role of circulating 

DOI:10.14753/SE.2014.1872



63 

 

N/OFQ levels in the trigeminal sensory neurotransmission was suggested. After the 

termination of the cluster period N/OFQ levels were not statistically different from 

controls. During the migraine attack decrease in plasma N/OFQ level was even more 

pronounced (99). In an animal model, long-term, streptozotocin-induced diabetes in rats 

(used as a metabolic model of neuropathic pain) was shown not to influence N/OFQ 

levels neither in the plasma nor in the CSF (100). 

In our study setting chronic CVD patients with severe atherosclerosis were investigated. 

It could be excluded that factors other than chronic ischemia affected plasma N/OFQ 

levels in our patient groups. For two weeks, chronic angina and peripheral disease 

patients were asked to avoid any exertion. They reported no chest or limb pain during 

these periods before the fasting blood samples for nociceptin/orphanin FQ were taken. 

We did not find any correlation between subject age/ gender and N/OFQ level, which is 

in agreement with the previous findings in humans made by Ertsey et al (101).  

In this study N/OFQ proved to be a separate significant factor accounting for nearly one 

third of the total variance of patient‟s laboratory parameters. This finding can be 

interpreted as evidence for a substantive phenomenon underlying the N/OFQ regulation. 

On the other hand, marked correlations were found between plasma N/OFQ levels and 

creatinine in all patient groups, and between N/OFQ and urea levels in the SAP-single 

group. These findings, the renal effects of N/OFQ, are in line with previous 

experimental studies. Although the association found between creatinine and 

nociceptin/orphanin FQ is not very high, but statistically significant while its clinical 

significance remains to be proven.A possible limitation of our study was that our 

patients with peripheral artery disease suffering from rest pain were given tramadol 

hydrochloride as analgetic, which possesses agonist actions at the μ-opioid receptor. In 

vivo reports implicated μ-opioid receptor involvement in N/OFQ-mediated analgesia 

and hyperalgesia in the central nervous system(102-104). However there are no data 

from the literature according to our knowledge that central agonist actions on μ-opioid 

receptor might affect peripheral N/OFQ levels. On the other hand, more data and more 

studies with larger patient numbers are needed to clarify the possible role of 

dysregulated N/OFQ system in CVD. This is an emerging issue because some 

nociceptin/ orphanin FQ agonists were already filed for clinical trials. 
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Literature data on the relation between N/OFQ and pain in human studies are 

inconclusive. Our data suggest that not only pain sensation, but ischemia/ reperfusion 

(I/R) participates also in the cardiovascular regulatory effects of nociceptin/ orphanin 

FQ. An elegant experimental study in anaesthetized rats showed that acute myocardial 

ischemia up-regulates nociceptin/orphanin FQ in dorsal root ganglion and spinal cord. 

Pain sensation was excluded in this setting because of anaesthesia (38). In a human 

study, elevated plasma NC levels in 26 acute stroke (influencing the carotis or the 

lacunar region) and 6 transient ischemic attack (TIA) patients were reported. The 

conclusion of the study was that the increase in N/OFQ levels is a consequence of the 

neural ischemic injury as similar values were measured both in healthy control subjects 

and in patients recovered from previous ischemic stroke (39). These studies showed 

another evidence of the regulatory effects of acute I/R in the nociceptin/orphanin FQ 

system, and are not in contradiction with our findings, as our study is the first examing 

chronic ischemic CVD. Other possible explanation is that lower plasma levels of 

nociceptin/orphanin FQ are a consequence of chronic and severe atherosclerosis, or a 

symptom of dysregulated physiological mechanism due to myocardial / skeletal muscle 

ischemia. The changes in inflammatory system after I/R or shock might also contribute 

to the better understanding of N/OFQ system. Inflammatory response in sepsis also 

involves among others cardiovascular derangements. Plasma N/OFQ concentrations 

were higher in critically ill patients in sepsis who died within 30 days compared with 

survivors (47). Therefore are studies of huge importance which suggest participation of 

peripheral nociceptinerg system in a neuro-vascular–immune axis in humans (105). 

Both in vitro (106) and in vivo studies (107)NOP and N/OFQ were shown to be 

expressed on peripheral mononuclear cells(42-44), and neutrophils(41). The possible 

role of the nociceptin system in the chronic inflammation of atherosclerosis needs to be 

further elucidated. 

Study limitations: The major limitation of our study is the relatively small number of 

the whole patient cohort. However, this is the first, small number investigation related 

to chronic vascular calcification and plasma nociceptin/ orphanin FQ levels. Further 

investigations are needed and a larger number of cardiovascular atherosclerotic cohorts 

with differing extents of the disease should be investigated in the future to confirm the 

novel findings of our study. 
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5.1.2. Association of plasma nociceptin/orphanin FQ levels with acute coronary 

syndromes 

We noticed significantly lower plasma nociceptin/orphanin FQ levels in acute coronary 

syndrome patients after coronarography compared to healthy volunteers. Our results 

show that ACS is attached to the lowest levels of N/OFQ among the three disease 

groups examined. We found correlation between N/OFQ and GOT level in ACS as 

well. This finding suggests that N/OFQ levels of the plasma depends not only on the 

actual level of pain, but is very much dependent on whether there is an ischemic injury 

or not, followed by necrosis.  

In our previous studies, we have shown that chronic ischemic heart disease patients, 

suffering from chronic angina pectoris, have decreased nociceptin/ orphanin FQ levels 

compared to healthy volunteers (108). We also concluded that the severity of the 

atherosclerosis in the heart is in inverse relationship with circulating N/OFQ levels. In 

an elegant study, Fontana et al. (40) found that N/OFQ levels were elevated in patients 

with unstable angina. The authors implicated that higher nociceptin levels were due to 

repeated spontaneous episodes of angina. They also accomplished a plausible stress test 

with adenosine infusion, which showed that induced myocardial ischemia does not have 

any effect on the plasma N/OFQ levels. In our study, we noticed that enzyme positive 

acute coronary syndrome is attached to a lower level of N/OFQ compared to enzyme 

negative ACS, although the difference did not reach the level of significance. We also 

found that after ACS, nociceptin levels are significantly correlated with higher GOT 

levels during the cardiac ischemia-necrosis. However, all these findings are not in 

contradiction with the important study of Fontana et al.(40), since our patients were 

examined for nociceptin two days after the onset of acute coronary syndrome and their 

symptoms abolished after undergoing PCI. However, our results indicate that not only 

pain, but acute ischemic injury/necrosis also plays a role in the regulation of N/OFQ, as 

the only difference between enzyme positive ACS and the other disease groups was the 

presence of the acute ischemic injury in the heart. 

We found a negative correlation between plasma nociceptin and cholesterol levels in the 

EPACS group. This result is in possible contradiction with recent studies, where 

intracerebroventricular nociceptin treatment was shown to increase cholesterol levels in 

mice (109). Stressful stimuli have also been shown to elevate total plasma cholesterol 
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levels and activate endogenous opioid systems (110). Further studies are needed for 

explaining the relationship between plasma nociceptin and cholesterol levels during 

acute stress in humans. Guo et al. noticed that myocardial ischemia up-regulates N/OFQ 

in dorsal root ganglia and spinal cord of rats (38). These interesting findings are in line 

with our results, although the possible correlation of neural and blood plasma N/OFQ 

levels have not been examined yet. 

Stamer et al. found lower pN/OFQ expression in the peripheral blood cells (PBC) of 

end-stage cancer patients and septic patients compared with healthy controls (48). They 

also showed that increased plasma procalcitonin, a marker of inflammation, was 

associated with decreased pN/OFQ in all patient groups. However, NOP expression was 

upregulated in the same patient groups. The same study included postoperative patients 

with acute surgical stress. Interestingly, changes in postoperative patients were found to 

be minor compared to septic and cancer patients. 

Plasma N/OFQ levels proved to be also elevated in ischemic stroke and transient 

ischemic attack patients (39). The conclusion of the study was that the increase in 

N/OFQ levels is the consequence of the neural ischemic injury. This finding also 

confirmed that ischemic injury is in connection with the N/OFQ levels.  

Human studies carried out on females in the luteal phase suffering in fibromyalgia 

syndrome have shown that N/OFQ level is linked to sex hormones (94). This is in 

agreement with the result of a previous in vitrostudy which has shown that estrogen up-

regulates the transcription of the N/OFQ precursor (95). Human studies made so far did 

not find any significant difference between male and female patients suffering from 

cluster headache or from bipolar disorders (101, 111). We can affirm this statement as 

we did not find any significant difference between male and female subjects either in 

the patients‟ groups or the controls.  

We found significant correlations of N/OFQ and white blood cell counts, which 

provides further evidence of N/OFQ being regulated by immune cells beside the 

nervous system. The strong correlation between WBC and platelet counts and 

nociceptin levels suggest that plasma nociceptin levels might be WBC and platelet 

derived in ACS. Previous findings of studies made on rodents have shown both in vivo 

and in vitro that the NOP receptor and N/OFQ are expressed on peripheral mononuclear 

cells and neutrophils(41, 43). The connection between N/OFQ and inflammation has 
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been also confirmed in a human study conducted on critically ill patients with sepsis 

(47). Plasma N/OFQ concentrations were found higher in patients who died within 30 

days compared to survivors, however no correlation was detected between plasma 

N/OFQ concentrations and markers of illness severity and organ dysfunction. How 

decreased plasma nociceptin/orphanin FQ levels after acute coronary syndromes affect 

immune/ inflammatory functions remains to be further elucidated. It is not obvious 

whether lower N/OFQ levels would mean impaired immune functions after ACS, since 

WBC nociceptin receptor expression levels have not yet been investigated during acute 

cardiac ischemia/reperfusion. However, temporary impairment of immune functions 

could be beneficial by modulating the healing process of the myocardium after an acute 

ischemic event. 

Study limitations: The major limitation of our study is the relatively small number of 

the whole patient cohort. However, this is the first, small number investigation related 

to ischemia/necrosis and plasma nociceptin/ orphanin FQ levels after acute myocardial 

infarction. Further investigations are needed and a larger number of acute coronary 

syndrome cohorts with differing extents of the disease should be investigated in the 

future to confirm the novel findings of our study. 

Our findings indicate that the presence of acute coronary syndromes is closely 

associated with lower plasma N/OFQ levels after coronarography. Both enzyme 

positive and negative ACS are attached to a very low level of plasma N/OFQ, even 

compared to quiescent ischemic heart diseases. As we found correlation between 

N/OFQ and CK and WBC count in the enzyme positive ACS group, it seems that not 

only pain sensation, but also ischemic injury and the concomitant inflammatory 

response may have a role in regulating the plasma level of N/OFQ. Further studies are 

needed to examine the relevance and the effect of acute ischemic stress on the N/OFQ 

system and to decide whether the lower N/OFQ level is a cause or a consequence of the 

acute ischemic heart disease. 
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5.2. Association of soluble heat shock protein 70 with vascular calcification 

The novel finding of the present study is that we reported a significant increase in serum 

heat shock protein 70 levels in patients with more severe systemic arterial calcification 

scores in a cohort with severe chronic lower extremity atherosclerosis and severe carotid 

stenosis. We also observed significant correlation between serum Hsp70 and 

homocysteine levels. The detailed characterisation of the patient population allowed us 

to identify significant correlations between sHsp70 levels and age and serum bilirubin. 

There was, however, no relationship between soluble Hsp70 and the acute phase 

reactants C-reactive protein and fetuin-a. 

A soluble heat-shock mediated component to cardiovascular disease has been suggested 

by a number of studies. Previous works have shown an inverse correlation between 

circulating Hsp70 levels and atherosclerotic disease progression in cardiac (83, 112)and 

in extracardiac vascular calcifications, such as peripheral artery disease of the lower 

extremities and carotid artery disease (59, 113). In their elegant study, Martin-Ventura 

et al. (113) showed significantly decreased Hsp70 levels in plasma of patients with 

CAD in relation to matched healthy subjects. In contrast, Wright et al. had shown that 

Hsp70 serum levels were increased in patients with PAD (59). This discrepancy could 

have been due to the degree and localization of atherosclerosis (peripheral versus 

carotid) other samples (serum versus plasma) and different type of ELISA used. 

However, potential mechanisms which could explain this inverse relation have not yet 

been explored. 

Our observations corroborate the results of Wright et al. (59) and Zhang et al. (112) 

inasmuch as the higher concentration of Hsp70 was related to disease severity in 

peripheral artery and in acute coronary syndrome patients. In our study group, Hsp70 

levels significantly correlated to the extent of arterial calcification in patients with PAD, 

carotid artery disease or in those suffering from both localizations of atherosclerosis.  

The increasing serum concentration of Hsp70 with the severity of arterial calcification 

seemed to be independent of the condition of the kidneys and the inflammation, proven 

by a logistic regression model. Patient groups divided according to lower and higher 

calcification score classes (1-5 vs. 6-7) showed marked significant difference in sHsp70 
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levels and were compared using a logistic regression adjusted for the following 

variables: age, gender, estimated glomerular filtration rate, smoking, diabetes type II, C-

reactive protein and homocysteine levels. The risk to belong to the more severe calcified 

group was more than two times higher for those having high (>75% percentile, 0.7296 

ng/ml) serum Hsp70 levels as compared to those with low levels. This association was 

independent from the above mentioned variables. Furthermore, lack of significant 

correlation was observed between sHsp70 and serum creatinine and serum carbamide, 

indicating that the elevation of sHsp70 parallel with calcification severity is not due to 

the impaired renal clearance of Hsp70. 

In a prospective study, Pockley et al. demonstrated that increased concentrations of 

circulating Hsp70 correlated with decreased changes in intima/media thickness in 

hypertensive patients(114). It was also implicated by the same authors that serum Hsp70 

levels reflect tissue expression, and elevated levels might therefore reflect the presence 

of an antiatherogenic state in the vasculature. We could not strengthen these findings 

with IMT because of our cross-sectional study design and more severe atherosclerotic 

cohort. In their well-designed study Dulin et al.(115)have not detected any correlations 

between the concentrations of circulating Hsp70 and classical vascular risk factors such 

as homocysteine and C-reactive protein. In our present study, a positive correlation 

between serum Hsp70 and homocysteine levels was found. Hyperhomocysteinemia is a 

well-known and independent risk factor for vascular disease (8) and triggers 

atherosclerotic lesion development in apolipoprotein E-deficient mice involving Hsp70 

stress pathway (116). An other interesting animal study showed that heat shock protein 

70 enhanced vascular bone morphogenetic protein-4 (BMP) signaling by binding matrix 

Gla protein,enhanced BMP-induced calcium deposition. In addition, Hsp70 mediated 

the procalcific effect of interleukin-6 on calcifying vascular cells (117). 

The source of the serum Hsp70 has not been fully elucidated. Febbraio et al. (74)found 

inducible Hsp 70 release from splanchnic tissues into the blood stream during exercise. 

This elevation in plasma Hsp70 levels after acute exercise stress was disappeared after 

longer intensive exercise and heat acclimation suggesting a thermoregulatory role on the 

cellular level(118). This finding is not in contradiction with our study since we aimed to 

investigate the possible chronic effects of hsp70 in vascular calcification. Our patients 

DOI:10.14753/SE.2014.1872

http://www.ncbi.nlm.nih.gov/pubmed/19661459
http://www.ncbi.nlm.nih.gov/pubmed/19661459
http://www.ncbi.nlm.nih.gov/pubmed/19661459
http://www.ncbi.nlm.nih.gov/pubmed/19661459


70 

 

were investigated and their blood samples collected in a rested state. No patients had 

surgical or traumatic stress or suffered from any acute disease in the last 6 months 

before their blood samples were taken. 

We also observed positive correlation between soluble Hsp70 and serum bilirubin 

levels. This result may reflect the possible relation between hepatosplanchnic tissue 

damage and circulating Hsp 70, suggesting that one source of heat shock protein 70 is 

maybe in the liver. This hypothesis is in concordance with our previous results (63, 

119), however other markers of hepatic damage were not correlated with sHsp70 in our 

present study. The positive correlation between elevated soluble Hsp70 and serum 

bilirubin levels indicates that both factors increase due to chronic atherosclerotic 

inflammatory and oxidative stress. HO-1, also known as Hsp32, an enzyme in heme 

degradation, indirectly elevates blood bilirubin levels in response to oxidative stress 

(120, 121). Bilirubin is a potent antioxidant by scavenging RONS directly, and 

suppressing the activity of NADPH oxidase indirectly(122, 123). Sources of circulating 

Hsp70 can be endothelial cells induced by oxidative low density lipoprotein and 

homocysteine (66). Hyperhomocysteinemia triggers apoptosis in vascular endothelial 

cells acting as an endoplasmic reticulum stress-inducer (124). Moreover, this 

extracellular serum Hsp70 may represent a danger signal of cellular death or lysis-

activating innate immunity through a strong classical complement pathway activation 

(125). These elevated levels of circulating Hsp70 may also origin from necrotic cells, 

and stimulate macrophages to secrete cytokines, and induce expression of antigen-

presenting and co-stimulatory molecules on the dendritic cells, in response to cell death. 

The role of sHsp70 in atherosclerosis is controversial. It is not clear, whether higher 

serum Hsp70 levels are a causative or an atheroprotective factor due to severe systemic 

calcification. Evidence suggest that soluble Hsp70 is likely to be involved in 

cytoprotection (82) due to the chronic stress of atherosclerosis (114). The significance 

of this inverse relation between Hsp70 and atherosclerosis remains to be clarified. 

Study limitations: There are two major limitations of our study. The first one is the 

different patient numbers in the three cohorts. The different pathology of carotid and 

lower extremity atherosclerosis is well known and widely investigated. The relatively 

low number of our carotid artery patient group compared to the other two groups and 
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the severity of the atherosclerotic disease in our whole cohort might have influenced our 

analysis regarding this issue. The other limitation of our study is the relatively small 

number of the whole patient cohort. However, this is the first, small number 

investigation related to vascular calcification and serum Hsp70 levels. Further 

investigations are needed and a larger number of atherosclerotic cohorts with differing 

extents of the disease should be investigated in the future to confirm the novel findings 

of our study. 
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6. CONCLUSIONS 

The major findings of our studies answer the questions detailed in the Aims part. 

6.1. Nociceptin/orphaninFQ levels correlate with the severity of ischemic heart 

failure 

This is the first human pilot study measuring plasma nociceptin/ orphanin FQ levels in 

chronic cardiovascular disease. Our findings indicate that the presence chronic angina 

pectoris is attached to lower circulating levels of nociceptin/orphanin FQ in patients 

with severe atherosclerosis. More severe ischemic heart failure states are associated 

with lower plasma N/OFQ levels(108). 

6.2. Peripheral artery disease is attached to lower levels of N/OFQ 

We have found lower nociceptin/orphanin FQ levels in patients suffering from 

peripheral artery disease compared to healthy controls(108). 

6.3. N/OFQ levels and clinical parameters in chronic cardiovascular patients 

We did not find any correlation between subject age/ gender and N/OFQ level, which is 

in agreement with previous findings from the literature. 

In this study N/OFQ proved to be a separate significant factor accounting for nearly one 

third of the total variance of the laboratory parameters in the whole patient cohort. This 

result might underline an independent role for nociceptin/orphanin FQ in the regulation 

of ischemic cardiovascular diseases. However, these findings need to be further 

elucidated.  

On the other hand, marked correlations were found between plasma N/OFQ levels and 

creatinine in all patient groups, and between N/OFQ and urea levels in the SAP-single 

group. These findings, the renal effects of N/OFQ, are in line with previous 

experimental studies. 

Clinical studies on patients with different types of CVDs are still very limited in 

number. Improvement in our understanding of the dysregulated NOP-N/OFQ system in 
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cardiovascular disorders is needed in order to clarify whether low circulating levels of 

N/OFQ are a consequence of chronic ischemia or a predisposing factor for acute 

cardiovascular syndromes. 

6.4. N/OFQ levels are associated with markers of clinical severity after acute 

coronary syndromes 

Lower plasma nociceptin/orphanin FQ levels were found in acute coronary syndrome 

patients after coronarography compared to healthy volunteers. Our results show that 

ACS is attached to the lowest levels of N/OFQ among the three disease groups 

examined. We found correlation between N/OFQ and GOT level in ACS as well(126). 

This novel finding suggests that N/OFQ levels of the plasma depends not only on the 

actual level of pain, but is dependent on whether there is an ischemic injury or not, 

followed by necrosis. 

We found significant correlations of N/OFQ and white blood cell counts, which 

provides further evidence of N/OFQ being regulated by immune cells beside the 

nervous system. The strong correlation between WBC and platelet counts and 

nociceptin levels suggest that plasma nociceptin levels might be WBC and platelet 

derived in ACS(126). 

6.5. Elevated sHsp70 levels are associated with more severe vascular 

calcification 

This is the first human study investigating serum heat shock protein 70 in association 

with the extent of arterial calcification in atherosclerosis. Our findings indicate that 

higher numbers of calcified plaques are closely correlated with higher Hsp70 levels. 

This correlation was undependent from major confounding risk factors such as age, 

gender,smoking habits, eGFR, CRP and homocysteine values(127). 

6.6. Serum Hsp70 and homocysteine levels are significantly correlated 

We also observed significant correlation between serum Hsp70 and homocysteine 

levels. The detailed characterisation of the patient population allowed us to identify 

significant correlations between sHsp70 levels and age as well(127). 
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6.7. Hsp70 levels are positively correlated with serum bilirubin levels, but not 

related to CRP levels in our patient cohort 

Inflammatory markers such as bilirubin are closely associated with circulating Hsp70. 

There was, however, no relationship between soluble Hsp70 and the acute phase 

reactant C-reactive protein. These results may explain an independent, anti-

inflammatory role for soluble Hsp70 in severe vascular atherosclerosis(127). However, 

these findings are need to be further investigated by larger studies in the future. 
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7. SUMMARY 

Genetic predisposition and harmful environmental factors do not always explain the 

origin and the progression atherosclerosis and arterial calcification.There is a growing 

literature that chronic inflammatory processes are also involved in the development of 

the disease. In this work we investigated nociceptin/ orphaninFQ and heat shock protein 

70 in chronic atherosclerotic patient cohorts and N/OFQ in acute cardiac patiens. 

N/OFQ and Hsp70 are both thought to play an important role in stress and 

inflammation. We demonstrated that lower N/OFQ levels are correlated to more severe 

ischemic heart disease and peripheral artery disease. We suggest that lower levels of 

nociceptin/ orphanin FQ indeed reflect the disturbed immune-inflammatory system 

response to the various stress factors during atherosclerosis (Krepuska M, 2011, Plasma 

nociceptin/orphanin FQ levels are lower in patients with chronic ischemic 

cardiovascular diseases-A pilot study., Regulatory Peptides;169(1-3):1-5). In acute 

coronary syndrome patients, our findings indicate that the presence of ACS is closely 

associated with lower plasma N/OFQ levels after coronarography. Both enzyme 

positive and negative ACS groups are attached to a very low level of plasma N/OFQ, 

even compared to quiescent ischemic heart diseases. As we found correlation between 

N/OFQ and CK and WBC count in the enzyme positive ACS group, it seems that not 

only pain sensation, but also ischemic injury and the concomitant inflammatory 

response may have a role in regulating the plasma level of N/OFQ(Csobay-Novák C, 

2012, Decreased plasma nociceptin/orphanin FQ levels after acute coronary syndromes, 

Acta Physiologica Hungarica, 99(2): 99-110). We showed that there is a positive 

correlation between serum Hsp70 levels and the severity of arterial calcification in 

patients with chronic atherosclerotic lower extremity and carotid disease. The novel 

finding of our study was that heat shock protein-70 serum levels significantly correlate 

with the degree of arterial calcification independently of other known atherosclerotic 

risk factors (Krepuska M, 2011, Serum level of soluble Hsp70 is associated with 

vascular calcification, Cell Stress Chaperones. 16(3):257-65). 

The above mentioned hypothesis need to be further elucidated, and larger scale studies 

are needed to confirm our preliminary results presented in this work. 
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7. ÖSSZEFOGLALÁS 

A genetikai hajlam és a káros környezeti tényezők nem mindig magyarázzák az 

atheroszklerózis és az arteriális kalcifikáció eredetét.A növekvő irodalomi adatok 

szerint szerint krónikus gyulladásos folyamatok is részt vesznek a betegség 

kialakulásában. Munkánk során a nociceptin/ orphanin FQ és a hősokk fehérje 70 

szerepét vizsgáltuk krónikusatheroszklerotikus betegcsoportokban valamint a N/OFQ  

szerepét akut szívbetegekben (ACS). A N/OFQ valamint a Hsp70 fontos szerepet 

játszanak a stressz és a gyulladás kialakulásában.Kimutattuk, hogy az alacsonyabb 

N/OFQ szintek korreláltak az ischaemiás szívbetegség és a perifériás artériás betegség 

(PAD) súlyosságával. Azt javasoljuk, hogy alacsonyabb nociceptin/ orphaninFQ 

valóban tükrözik a megzavart immun-inflammatorikus rendszer választ különböző 

stressz-faktorok hatására atheroszklerózisban(Krepuska M, 2011, Plasma 

nociceptin/orphanin FQ levels are lower in patients with chronic ischemic 

cardiovascular diseases-A pilot study., Regulatory Peptides;169(1-3):1-5).Az akut 

koronária szindrómás betegeknél, eredményeink azt mutatják, hogy az ACS szorosan 

összefügg az alacsonyabb plazma N/OFQ szintekkel koronarográfia után. Mind a 

pozitív, mind a negatív enzim ACS csoportban nagyon alacsonyak a plazma N/OFQ 

szintek nyugalmi ischaemiás szívbetegekhez képest. Az enzim pozitív ACS csoportban 

a N/OFQ valamint a CK és a fehérvérsejtszám között talált korreláció alapján úgy tűnik, 

hogy nemcsak a fájdalomérzet, hanem az ischaemiás sérülés és az azzal együtt járó 

gyulladásos válasznak is szerepe lehet a N/OFQ plazmaszintek 

szabályozásában(Csobay-Novák C, 2012, Decreased plasma nociceptin/orphanin FQ 

levels after acute coronary syndromes, Acta Physiologica Hungarica, 99(2): 99-

110).Pozitív korrelációt találtunk a szérum Hsp70 szintek és az artériás meszesedés a 

súlyossága között PAD és carotis betegekben. Tanulmányunk új megállapítása az volt, 

hogy a Hsp70 szérumszintje szignifikánsan korrelál az artériás meszesedés 

súlyosságával, függetlenül az egyéb ismert atherosclerosis kockázati 

tényezőktől(Krepuska M, 2011, Serum level of soluble Hsp70 is associated with 

vascular calcification, Cell Stress Chaperones. 16(3):257-65). 

A fenti hipotézisek megerősítésére további, nagyobb léptékű tanulmányokra van 

szükség. 
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