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PREFACE 

The 3
rd

 symposium of Novel Frontiers in Physiology and Pharmacology of the 

Cholinergic system that was taking place in Tatranska Lomnica was oriented 

almost entirely toward the cardio-vascular system (CVS).  

The question of the role of the cholinergic system in control of the CVS is rather 

old. It has however been overlooked over past few decades due to the more 

profound adrenergic effect in CVS. Nevertheless, higher interest in the cholinergic 

functions in control of CVS is appearing lately. New tools and techniques are 

uncovering many important facts and regulatory pathways that could eventually 

lead to the novel therapeutic approaches for the treatment of CVS diseases.  

Katarina and Matej presented the complete study of the nicotinic receptor subtypes 

in heart and their participation in the physiology of the CVS. Their results are an 

important contribution to the field, as the recent knowledge of the nicotinic 

receptors in heart is rather confusing. The approach used in their study provides a 

clear evidence of the presence and a role of the studied receptor subtypes. 

Complementary work of Dominika and Matej will provide a cholinesterase map of 

the heart and vessels. While Matej reported how lack of particular molecular forms 

of cholinesterases reflects in heart physiology, Dominika provided her first results 

on exact localization of molecular forms of cholinesterase in heart and vessels.  

Lenka linked to the project, results of which she presented at the 2
nd

 symposium 

last year. This year, she showed where an expression of selected cholinergic 

markers takes place within the vessel of rat. 

Jana summarized the results obtain throughout her whole PhD study describing the 

changes she observed in epicardial adipose tissue during the end-stage of heart 

failure.  
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Zuzana reported the progress of the project that was introduced for the first time the 

last year by Lucia Riaposova. The aim of the project is to produce the antibodies 

against so far “unknown” protein, dymeclin.  

Overall, despite the low number of participants, I conclude that the Symposium 

was very successful. The talks were very interesting and all the speakers prepared 

their materials very thoroughly. Discussions were productive. Comparing to the last 

year, there was a clear progress in the project solving. I strongly believe that the 

symposium should be organized next year again. 

 

  

Bratislava, November 10
th
 2013 

Anna Hrabovska 
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Introduction: Acetylcholinesterase (AChE) is the enzyme of the cholinergic synapse where it 

plays an important role in acetylcholine hydrolysis. Physiological function of 

butyrylcholinesterase (BChE) remains unknown. It is, however, able to detoxify a wide range of 

xenobiotics and seems to play a regulatory role in the cholinergic transmission. In the light of the 

recent findings, it is important to study native enzymes in the biological samples. The commonly 

used method for determination of cholinesterase activity is Ellman’s assay (EA). Despite a lot of 

advantages (e.g., simplicity, time and cost), it also possess few limiting factors (e.g. interaction 

with available free SH groups, low detection sensitivity and Ellman’s reagent (DTNB) 

instability). This complicates determination of low cholinesterase activities, especially in 

biological samples.          

The aim of the project was to determine the optimal conditions of EA to enable the study of low 

cholinesterase activities in biological samples.   

Method: Stability of 0.5 mM DTNB, thiocholine and 2-nitro-5-thiobenzoic (TNB) was followed 

in 5 mM HEPES and 0.1 M phosphate buffer pH = 7.5 at 412 nm over time. DTNB stability was 

additionally determined at wider pH range 7 - 8.5 with or without presence of the substrate, 

butyrylthiocholine iodide (BTC). Pure recombinant and serum human and mouse BChE, mouse 

and human serum and mouse tissue (brain, liver) extracts were used in the assays. Standard EA 

was performed in the presence of 0.5 mM DTNB and 1 mM BTC or 1 mM acetylthiocholine 
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iodide. In modified EA, enzyme sample was incubated with the substrate and at different time 

intervals of the incubation, 0.5 mM DTNB was added and absorbance was measured 

immediately. Interaction of DTNB and BChE was studied by isothermal titration calorimetry. 

The IC 50 of DTNB on BChE activity was determined in EA and modified EA. ELISA was 

performed as described before (Mrvova et al. 2013).  

Results: Thiocholine, DTNB and TNB are more stable in HEPES buffer than in phosphate 

buffer, while absolute absorbance is even higher in the presence of BTC. Assessment of the 

BChE activity in ELISA eliminates the free SH groups from the samples and thus the background 

is significantly decreased. Activity of BChE is 20-25% higher using modified EA than standard 

EA. Based on the estimated IC50 values, 50% BChE activity is inhibited by 10-11mM DTNB. 

ITC experiments showed direct interaction of DTNB with BChE protein. AChE is not affected by 

DTNB.         

Conclusion: HEPES buffer should be the buffer of choice for stock solutions as well as for the 

prolonged activity assays, where instability of DTNB may significantly contribute to the 

absorbance. ELISA assay should be used when readying in EA is above the detection limit. 

Moreover, this assay should be considered when very low cholinesterase activities may be 

masked by the high background. Modified EA should be considered for long incubation assays 

(especially when low activities are followed), as DTNB may significantly inhibit the 

cholinesterase activity and its instability may contribute to higher recordings.  

 

a
MRVOVA K. et al. Chem Biol Interact. 2013. 203 (1) 348-53 

 

Supported by APVV grant SK-FR-0031-09, VEGA 1/1139/12, ITMS 26240120031, UK/249/2013.  
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Introduction: It is well known that cholinergic system is necessary for normal cardiac 

functioning. Cholinergic system in heart is represented by nervus vagus innervation and also by 

non-neuronal acetylcholine produced by cardiomyocytes
a
. Acetylcholine is hydrolyzed by 

acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) and thus these enzymes play an 

important role in cholinergic neurotransmission. During the development, human cardiac 

conduction tissue gradually loses its content of BChE, but acquires a rich supply of AChE 

positive nerves. These nerves have been observed mainly in atria close to sinus and 

atrioventricular nodes
b
. However, the precise information about presence of BChE in atria or 

cholinesterases in ventricle is still undiscovered.  

The aim of the presented project was to characterize and localize molecular forms of 

cholinesterases in heart. 

Methods: Mutant mouse strains lacking specific molecular forms of cholinesterases were used in 

the project. Different molecular forms in heart compartments were analyzed in sucrose gradient 

while activities were determined using Ellman’s method. Precise localization of different 

molecular forms of cholinesterases in heart was determined by microscopy of the gelatin filled 

heart and cryosections stained by modified Karnovsky and Roots activity staining.  

Results: We detected ColQ and PRiMA anchored tetramers of AChE (with similar ratio) in the 

heart, while the activity is higher in atria than in ventricles. AChE is predominantly localized near 

cholinergic nerves with dense localization in the epicard on the base of the heart. BChE is 

represented predominantly by monomer/dimmer in all heart regions. Its activity is 2,5-fold higher 

in ventricles than in atria. BChE is dispersed in all heart regions, especially in myocardium.   



 

 

“Novel Frontiers in Physiology and Pharmacology 

of  the Cholinergic System” 

 
 

8 
 

Conclusion: AChE is present mainly in atria. In ventricles, it is localized near to the cholinergic 

nerves. The ratio of the molecular forms is balanced. BChE is distributed mainly in myocardium, 

in form of monomers and dimmers.       

 

a 
Rana OR. Aet al., Autonomic Neuroscience, 156, 82-89, 2010  

b
Chow LT et al., The Anatomical Record, 264, 169-182, 2001  

 

This project was supported by APVV grant SK-FR-0048-11, VEGA 1/1139/12, ITMS 

26240120031, UK/294/2013 .  



 

 

“Novel Frontiers in Physiology and Pharmacology 

of  the Cholinergic System” 

 
 

9 
 

PRESENCE OF HYBRID ENZYME IN MICE TISSUES 

DOMINIKA DINGOVA
1,2

, IVANA NOVOTNA
1
, ANNA HRABOVSKA

1 

1
Comenius University, Faculty of Pharmacy, Dept. of Pharmacology and Toxicology, Bratislava, 

Slovakia 
2
Université Paris Descartes, CNRS UMR 8194, Centre d’Etude de la Sensorimotricité, Paris, 
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Introduction: Presence of hybrid enzyme containing catalytic subunits of acetylcholinesterase 

(AChE) and also butyrylcholinesterase (BChE) was confirmed in chicken. Hybrid enzyme is 

anchored by collagen tail (ColQ)
a
 in chicken muscle and by PRiMA protein in chicken brain

b
. It 

was observed that amount of mixed enzyme is developmentally regulated. It was also reported 

that hybrid enzyme is present in some types of human carcinomas
c
 and can be produced by 

astrocytomatous cysts
d
.      

The aim of this project was to examine the presence of the hybrid enzyme in mouse tissues and 

to define the type of its molecular forms.  

Method: Mutant mouse strains with specific deletion of cholinesterases and their molecular 

forms were used to examine the presence of the hybrid AChE/BChE forms. Cholinesterases were 

extracted from mice tissues (brain, kidney, liver, lungs, pancreas and gastrognemium muscle) 

using 10 mM HEPES buffer pH=7.5, 10 mM EDTA, 0.8 M NaCl and 1% CHAPS. Monoclonal 

primary antibodies 4H1 were used to capture mouse BChE in ELISA assay
e
. AChE was inhibited 

by 8.10
-7

 M BW and BChE was inhibited by 8.10
-4

 M Iso-OMPA, while inhibition was achieved 

by 30 minute pre-incubation of the captured protein with inhibitor. Activity of cholinesterases 

was determined after washing by Ellman’s assay (0.5 mM DTNB, 5 mM HEPES buffer pH=7.5, 

1 mM ATC).  

Results: We confirmed the presence of mixed oligomers in brain and muscle of wild-type mouse. 

In brain, the level of the hybrid enzyme in mice with specific deletion of ColQ was comparable to 

wild-type but has almost disappeared in mice with specific deletion of anchoring protein PRiMA. 

In muscle, hybrid enzyme was unaffected in mice lacking PRiMA but was almost absent in mice 
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with specific deletion of ColQ and completely absent in mice with no AChE in skeletal muscle. 

No hybrid enzyme was detected in mouse pancreas, liver, lungs or kidneys. 

Conclusion: Hybrid cholinesterases are present in mouse brain and muscle. In brain, mixed 

enzyme is attached by PRiMA protein. Hybrid enzyme in muscle is anchored by ColQ.    

 

a
TSIM KW. et al., EMBO J. 7 (8) 2451-6, 1988 

b
CHEN VP. et al., J Biol Chem. 285 (35) 27265-78, 2010  

c
ZAKUT H., et al., Cancer, 61 (4) 727-37, 1988  

d
GARCIA-AYLLON MS et al., Neuroscience, 107 (2) 199-208, 2001  

e
MRVOVA K. et al. Chem Biol Interact. 203 (1) 348-53, 2013 

 

Supported by APVV grant SK-FR-0031-09, VEGA 1/1139/12, ITMS 26240120031, UK/249/2013.  
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THE BASAL PHYSIOLOGICAL HEART PARAMETERS IN MOUSE WITH ABSENCE 

OF α7, β2 AND β4 SUBUNITS OF NICOTINIC RECEPTORS 

KATARÍNA MRVOVÁ, MATEJ KUČERA, ANNA HRABOVSKÁ 

Dpt. of pharmacology and toxicology, Faculty of Pharmacy, Comenius University, Bratislava 

 

Introduction: Synaptic transmission across parasympathetic and sympathetic neuronal ganglia in 

mouse is mediated by nicotinic acetylcholine receptors (NR). Neuronal NR are formed by a 

combination of nine different α-subunits and three β-subunits. They form functional ligand-gated 

channels in various stoichiometries. In the most cases, functional pentameric NR consist from 

two α-subunits and three β-subunits. It is not clear, however which subtypes participate in the 

regulation of cardiovascular function.  

The aim of this project was to study the role of α7, β2 and β4 NR subunits in heart physiology by 

using knockout mice. 

Methods: Wild-type mice and mice with absence of α7 (α7-/-; n = 11), β2 (β2-/-; n = 9) or β4 

(β4-/-; n = 10) nicotinic subunits were used in in vivo and in vitro experiments. In vivo 

hemodynamic measurements were performed at physiological conditions and during β1-

adrenergic stimulation by dobutamine. In In vitro experiments, hearts were removed rapidly via 

mid sternal thoracotomy and aortic root was cannulated for retrograde perfusion by the method of 

Langendorff. Perfusion was at constant flow rate with oxygenated Krebs-Henseleit solution. The 

heart parameters were observed in physiological conditions and during application of a non-

selective cholinesterase inhibitor, neostigmine. Cholinergic stimulation was antagonized by 

atropine or hexamethonium.  

Results: β4-/- mice had higher heart rate in all experiments. It revealed importance of β4 subunit 

for regulation of heart rate. Also, β4-/- mice had changed response to the adrenergic stimulation. 

Our results have indicated possible different communication between parasympathetic and 

sympathetic system in the heart of β4-/- mice. Cholinergic stimulation led to a decrease of the 
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heart rate in all genotypes. This effect was reversible by atropine with exception for α7-/- hearts 

which did not respond to atropine application. This could suggest adaptation changes of 

muscarinic signalling pathway.   

 

Supported by APVV grants SK-FR-0048-11, VEGA 1/1139/12, UK/294/2013, ITMS 

26240120031, FaF UK/27/2013 
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CARDIO-SPECIFIC miRNAS IN A RAT MODEL OF DEPRESSION 
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2
, 

DANIELA JEŽOVÁ
2
, ANNA HRABOVSKÁ
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2
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Introduction: Cardiovascular diseases (CVD) and depression are in close association, as 

demonstrated by numerous studies over past years. Cardiovascular damage, cardiac stress and 

adaptation to the pathological signaling may be followed by examination of specific miRNAs. 

miRNAs are approximately 22 nucleotide single-stranded RNAs that inhibit the expression of 

specific mRNA targets and thus exhibit an efficient control of their target genes expression. 

miRNA-1 and miRNA-133 are involved in heart development and seem to cooperate in cardiac 

cells differentiation. On the other hand, miRNA-208 and miRNA-499 represent a stress-

dependent gene regulation system in heart by regulating the expression of myosin heavy chain 

gene.  

Aim: The aim of this project is to study cardio-specific miRNAs expression pattern as CVD 

markers in a depression animal model kept in normal or enriched environment. 

Methods: Female Wistar rats of age 12 weeks were divided into 4 groups, each containing 12 

animals. The first group (group A) was raised in an environment enriched by various objects, 

e.g., swings, labyrinth, sticks, ladders, houses, position of which was changed regularly. An age-

matched group (group B) was kept in standard cages. The rest of the animals were subjected to 

low tryptophan diet leading to a depletion of serotonin, and thus representing a depression model. 

Again, the first tryptophan-deprived group (group C) was placed to enriched environment as 

described above and an age-matched group (group D) of tryptophan-deprived animals was kept in 

standard cages. After the animal sacrifice, animal hearts were sectioned and flash frozen in liquid 
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nitrogen. In next step, specific miRNAs (miRNA-1, miRNA-133, miRNA-208 and miRNA-499) 

expression will be examined by real-time PCR in total RNAs extracts. 

Results: We successfully developed the animal model of depression, animals were sacrificed and 

targets organs were collected. PCR primers to study selected miRNAs were designed and 

conditions for efficient real-time PCR assays were determined. Currently, RNAs extractions and 

real-time PCR assays are in progress. 

Conclusions: Study of the expression pattern of miRNAs serving as CVD markers will enable an 

examination of the cardiovascular changes in the rat model of the depression developed by the 

low tryptophan diet. 

 

Supported by APVV grant SK-FR-0048-11, ITMS 26240120031 and VEGA 1/1139/12. 
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EXPRESSION OF RECOMBINANT DYMECLIN PROTEIN IN KLUYVEROMYCES 

LACTIS 

ZUZANA KILIÁNOVÁ, LUCIA RIAPOŠOVÁ, ANNA HRABOVSKÁ 

Department of Pharmacology and Toxicology, Faculty of Pharmacy, Comenius University, 

Bratislava 

 

Introduction: Mutations in Dymeclin gene are responsible for Dyggve-Melchior-Clausen 

syndrome (DMC) - a rare autosomal recessive disorder characterized with a progressive 

osteochondroplasia, dwarfism, microcephaly and mental retardation. Dymeclin gene is expressed 

overall in all tissues, is highly conserved among the species and encodes a 669-amino acid 

protein named dymeclin. Dymeclin protein (DYM) does not belong to any yet indentified family 

of proteins and its function remains unknown. DYM studies have been seriously hampered by the 

lack of specific anti-DYM antibody. Only available data used DYM-GFP construct showed 

colocalization with Golgi network, when overexpressed in mammalian cell lines. 

The aim: The ultimate aim of this project is to generate a specific anti-DYM antibody by 

immunization of dymeclin knock-out mice. To do this, the first step requires an expression of 

a recombinant DYM protein using Kluyveromyces lactis (K. lactis) expression system. 

Methods: The DYM gene inserted into pEGFP-C2 was a kind gift from Dr. Vincent El Ghouzzi, 

INSERM U676, Hopital Robert Debre, Paris, France. Strep-tag II was introduced to the C-

terminus of DYM by PCR and the construction was subcloned into the yeast expression vector 

pKLAC2 (NEB) and sequenced. K. lactis (NEB) were transformed with DYM-Strep construct 

and cultivated at 30
o
C with shaking (250 rpm) for different time periods according to 

manufacturer‘s instructions. Culture medium was collected and analyzed for presence of DYM-

Strep employing standard SDS Page and Western Blot protocols with Strep-Tactin-HRP (IBA). 



 

 

“Novel Frontiers in Physiology and Pharmacology 

of  the Cholinergic System” 

 
 

16 
 

Results: We generated the DYM-Strep construct and expressed it in K. lactis. Successfully 

transformed clones were identified by acetamide selection and confirmed by whole cell PCR. 

K.lactis harboring DYM-Strep-pKLAC2 were grown in liquid media with Galactose as protein 

expression inducer. Medium containing secreted proteins was collected after 24h, 48, 72, 96 and 

120h cultivation and subjected to further analysis. Western Blot analysis using Stre-Tactin-HRP 

showed no presence of DYM-Strep protein in the culture medium, nor in the K. lactis cell lysates. 

 

Conclusions: We successfully generated DYM-Strep construct which was transformed into yeast 

K. lactis expression system. As we did not demonstrate the presence of the DYM-Strep protein in 

the culture medium, we hypothesize that its translation or/and secretion might be hampered by 

the Strep-tag used or its position on C-terminus. For further progress, we plan using other tag 

system (i.e. HA tag) and introduce it on N-terminus to avoid the missexpression of the DYM 

protein. 

 

Supported by APVV grant SK-FR-0048-11, ITMS 26240120031 and VEGA 1/1139/12. 
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ADRENERGIC STIMULATION AND ACETYLCHOLINE APPLICATION ON 

ISOLATED HEARTS WITH THE ABSENCE OF ALPHA 7 AND BETA 4 NICOTINIC 

RECEPTOR SUBUNITS 

MATEJ KUČERA, ANNA HRABOVSKÁ 

Dpt. of Pharmacology and Toxicology, Faculty of Pharmacy, Comenius University, Bratislava, 

Slovakia 

 

Introduction: Neuronal regulation of heart function is mediated by adrenergic and cholinergic 

system. Cholinergic system works through nicotinic and muscarinic receptors. In heart, several 

subunits of nicotinic receptors have been detected. They can be localized in parasympathetic 

ganglia or on the cardiomyocytes. To these days, physiological role of individual nicotinic 

receptor subunits remains unclear. Changes in heart nicotinic receptors are associated with many 

cardiovascular disorders like ischemic heart disease or heart failure.  

The aim of this project was to study adrenergic stimulation, acetylcholine and atropine 

application on isolated hearts with the absence of alpha 7 and beta 4 nicotinic receptor subunits. 

Method: Isolated hearts from mice missing alpha 7 (a7-/-), beta 4 (b4-/-) nicotinic receptor 

subunits and from wild type mice as a control were used in followed experiments. Hearts were 

perfused by Langendorff method at constant pressure 75mmHg. Left ventricle pressure was 

measured by water filled latex balloon inserted into the left ventricle. Balloon was filled to 

pressure 5-20 mmHg. Coronary flow was measured at the end of each application period. After 

20 minutes equilibrium period, isoproterenol dose response (from 1x10
-10

M to 1x10
-7

M) was 

studied. After that, three different doses of acetylcholine were applied (3x10
-7

M, 1x10
-6

M, and 

1x10
-5

M). At last, acetycholine effect was abolished by atropine (1x10
-7

M).  

Results: Adrenergic stimulation by isoproterenol showed no differences between genotypes in all 

followed parameters (heart rate, left ventricle developed pressure and coronary flow). 
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Acetylcholine and atropine applications showed also no differences between genotypes in 

developed pressure and coronary flow. However, there are significant differences in heart rate 

after 1x10
-5

M acetylcholine application. Lack of alpha 7 nicotinic receptor subunits led to a lower 

response to the high dose of acetylcholine compared with wild types. On the other hand, lack of 

beta 4 nicotinic receptor subunits resulted in strong adaptation to 1x10
-5

M acetylcholine 

application compared to the wild types. 

Conclusion: Alpha 7 and beta 4 nicotinic receptor subunits are not involved in heart rate 

regulation during adrenergic stimulation and do not have influence on coronary flow. Results 

from 1x10
-5

M acetylcholine application suggest important role of alpha 7 and beta 4 nicotinic 

receptor subunits in cholinergic regulation of heart rate. 

 

Supported by APVV SK-FR-0048-11, VEGA 1/1139/12, ITMS 26240120031, UK/427/2013 and 

mobility grant for PhD. students UK/1/2013. 
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THE EFFECT OF ADRENERGIC STIMULATION ON PACED ISOLATED HEARTS IN 

THE ABSENCE OF BUTYRYLCHOLINESTERASE AND ANCHORED FORMS OF 

ACETYLCHOLINESTERASE 
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1
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Introduction: Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) are important 

enzymes of cholinergic system. They participate in termination of cholinergic transmission and 

thus protect cholinergic receptors from the overstimulation. It had been known for long time that 

cholinergic system in the heart is localized mainly in atrias and plays an important role in control 

of the heart rate. Recently however, additional role of cholinergic system in heart physiology was 

proposed based on the observation that cardiomyocytes may synthesize acetylcholine as well. 

Moreover, cholinergic system has been linked to the pathophysiology of many cardiovascular 

disorders.  

The aim of this project was to study an effect of adrenergic stimulation and acetylcholine 

application on the paced isolated hearts with the absence of BChE and anchored molecular forms 

of AChE. 

Method: Mice with the absence of BChE (BChE-/-), anchored molecular forms of AChE (Del 

E5+6-/-) and control wild type mice were used in this project. Experiments were performed on 

isolated hearts perfused by Langendorff paced on 650 beats per minute at constant pressure 

75mmHg. Latex water filled balloon for pressure measurement was inserted into the left ventricle 

and filled to isovolumic conditions. Coronary flow was measured by flowmeter. After 

equilibrium period, isoproterenol dose (from 1x10
-10

M to 1x10
-7

M) response was followed. Then, 

acetylcholine (1x10
-7

M) was applied, followed by the applications of  acetylcholine (1x10
-7

M)/ 
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neostigmine (3x10
-6

M), acetylcholine (1x10
-5

M)/neostigmine (3x10
-6

M) and at last acetylcholine 

(1x10
-5

M)/neostigmine (3x10
-6

M)/atropine (1x10
-7

M); all in the presence of isoproterenol (1x10
-

7
M). 

Results: Experiments showed no difference in left ventricle developed pressure, speed of 

contraction, speed of relaxation and end diastolic pressure during the isoproterenol dose response 

application between genotypes. However coronary flow measurement showed significantly 

higher increase of flow in wild types than in Del E5+6-/- and BChE-/- hearts. Acetylcholine, 

neostigmine and atropine application showed no differences between genotypes in any of the 

followed parameters.  

Conclusion: Based on our results, we can conclude that AChE and BChE play an important role 

in the coronary arteries physiology but not in regulation of the left ventricle pressure during 

adrenergic stimulation by isoproterenol.  

 

Supported by APVV SK-FR-0048-11, VEGA 1/1139/12 2012-2014, ITMS 26240120031 

UK/427/2013 and mobility grant for PhD. students UK/1/2013 
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Introduction: Epicardial adipose tissue is located on the heart with no layer separating the 

tissues. Its function is unclear and it is related to coronary artery disease, atrial fibrillation and 

metabolic syndrome. No information is available about the relation of epicardial adipose tissue 

and heart failure. Therefore we decided to study this relation.   

The aim: This work compares expression of numerous genes in epicardial adipose tissue and left 

ventricular myocardium. It determines relative expression of NFAT3, IGF-1, TBX18, WT1, 

CALN, TGFβ1, ET-1, TNFα, IL-6, SLUG, SNAIL, VEGFA, PDGFB, FGF9, ETS1, ETS2 genes 

on mRNA level and CAV-1, ADIPQ, Bcl-2, NFκB p50/105, CX43 genes on protein level in both 

tissues. Furthermore, it studies relations of all gene expressions between them and with patient’s 

clinical data.   

Materials and Methods: Samples of epicardial adipose tissue and left ventricle originate from 

29 patients (48±9 yrs old, 25 men, 4 women) with end-stage heart failure undergoing heart 

transplantation. The causes of heart failure are cardiomyopathy (19) and coronary artery disease 

(10). Samples were collected immediately after heart explantation and flash frozen in liquid 

nitrogen. We determined mRNA levels and protein levels of aforementioned genes using qRT-

PCR and western blot respectively. 

Results: We found a significantly different expression in epicardial adipose tissue compared to 

left ventricle. The expression differences range from 1.7 to 11.7- fold (p<0.05) higher expression 
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for CALN, NFAT3, PDGFB, TGFβ1, IGF-1, ET-1 and 0.7-fold (p<0.05) lower expression of 

VEGFA. On protein level, Bcl-2, CAV-1 and  

NFκB p105 have a 1.4 to 3-fold (p<0.05) higher expression, ADIPQ has a 0.5-fold (p<0.05) 

lower expression, NFκB p50 is expressed equally and CX43 is expressed only in left ventricle. 

The most important correlations found are between NFκB subunits in epicardial adipose tissue 

and left ventricle and between NFκB p50/105 and CAV-1 expressions in both tissues (rs=0.6 to 

rs=0.9, p<0.05).  

Conclusion: Our results show a surprisingly higher expression of numerous genes in epicardial 

adipose tissue compared to left ventricle in end-stage heart failure. Together with found 

correlations, our results support the idea of epicardial adipose tissue importance in cardiac 

physiology and pathophysiology.  
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Introduction: Relaxation of arteries to acetylcholine (ACh) is among the standard methods used 

to evaluate endothelial function, in isolated vessel preparations or by their perfusion in situ. 

Muscarinic M3 receptor stimulation in the endothelium with a subsequent rise of NO synthesis 

and EDHF release is responsible for endothelium-dependent relaxation to exogenous ACh. 

However, little is known about the cholinergic system in blood vessels, the possible capacity of 

the vessel wall to produce or degrade ACh.   

The aim: To determine the localization of gene expression of acetylcholinesterase (AChE), 

AChE of the mammalian cholinergic synapse (AChE-T), butyrylcholinesterase (BChE), M3 

receptor, cholinesterase anchoring proteins PRiMA1, and ColQ1 in freshly isolated rat aorta 

using a previously established method
1
. 

Materials and Methods: Thoracic aorta of male Wistar rats (12-14 weeks old) was isolated and 

fat tissue and adventitia were carefully removed. A 3-mm aortic ring with endothelium (AoE+) 

was frozen and the rest of aorta was perfused using Tri-Reagent reagent. Three fractions 

containing predominantly endothelium-derived RNA were collected (E1-E3), the rest of aorta 

cleaned of the remnants of the endothelium was designated as aorta without endothelium (AoE-). 

Total RNA was isolated from the fractions, reverse-transcribed and cDNA was used for qPCR 

with SYBR green detection. To characterize the gene expression distribution on the obtained 

fractions, we designed primers for endothelial markers (endothelial nitric oxide synthase, NOS3; 

preproendothelin-1, ET1), smooth muscle markers (L-type calcium channel, Cav1.2; endothelin 

receptor type A, ETA; smooth muscle actin, ACTA2), genes known to be expressed both in the 
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endothelium and smooth muscle (endothelin receptor type B, ETB). Primers for AChE, AChE-T, 

BChE, M3 receptor, PRiMA1, and ColQ1 were used to determine the possible co-purification of 

these mRNAs with endothelial or smooth muscle markers in the fractions. Beta2 microglobulin 

was used as a housekeeping gene. 

Results: We confirmed previously published data
1
 showing that E1-E3 fractions were markedly 

enriched for endothelial markers (NOS3, ET1), whereas the smooth muscle markers (Cav1.2, 

ETA) were largely lacking from E1-E3, with a small progressive increase with smooth muscle 

marker contamination from E1 to E3. ETB receptor was equally expressed in both E1-E3 and 

AoE+ and AoE-. AChE, AChe-T, BChE, M3 receptor, PRiMA1 and ColQ1 were all detected in 

the intact aorta, with BChE being the most abundant form of cholinesterases examined (30-fold 

over AChE or AChE-T). AChE, AChE-T, BChE, PRiMA1 and ColQ1 mRNAs all showed 

a pattern of expression strikingly similar to that of the smooth muscle markers. M3 receptor 

mRNA was present both in the endothelial and smooth muscle fractions. 

Conclusion: We show for the first time that AChE, AChe-T, BChE, PRiMA1 and ColQ1 

mRNAs are all expressed in the smooth muscle in the rat aorta and are absent from the 

endothelium. We hypothesize that cholinesterases localized at the surface of the smooth muscle 

may protect the vascular smooth muscle from the vasoconstriction induced by M3 receptor 

stimulation of this cell type and allow the relaxant response induced by endothelial M3 receptor 

stimulation by exogenous ACh. 

 

1
Krenek et al., J Vasc Res, 2006, 43:502-10 
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