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Abstract
The purpose of this study was to analyze molecular mechanisms of ischemic preconditioning (IPC) with cardiovascular 

aging in elderly patients with isolated systolic hypertension (ISH). 
The study included 306 persons divided into two groups: Group 1 (the control group) included 150 elderly patients without 

AH, and Group 2 (the experimental group) included 156 elderly patients with ISH according to the inclusion/exclusion criteria. 
The duration of ISH was 13.5 years. All patients received a double combination of antihypertensive drugs. We applied standard 
methods for identification of ISH and secondary hypertension. Molecular phenotyping of blood plasma with the identification 
of molecules involved in IPC process were processed with methods of proteomics. The data of the molecular interactions and 
functional features of proteins were received with STRING 10.0 database. Bioinformatics analysis has revealed the presence of 
molecules that are the participants in the pathways of IPC, cardiovascular aging and the molecular interactions involved. (Int J 
Biomed. 2016;6(1):60-64.).
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Introduction
Aging is an inevitable part of life and unfortunately 

poses the largest risk factor for cardiovascular disease. By 
2030, approximately 20% of the population will be aged 65 
or older. In this age group, cardiovascular diseases (CVD) 
will result in 40% of all deaths and rank as the leading cause 
[1]. Aging has a remarkable effect on the heart and arterial 
system, leading to an increase in cardiovascular diseases, 
including atherosclerosis, hypertension, myocardial infarction 
(MI), and stroke. Aging cardiovascular tissues are exemplified 
by pathological alterations, including hypertrophy, altered left 
ventricular (LV) diastolic function, and diminished LV systolic 
reverse capacity, increased arterial thickening and stiffness, 
and impaired endothelial function [2-6]. Isolated systolic 
hypertension (ISH) is the most common form of hypertension 
seen in the elderly [7,8] and the most interesting model of aging 
of the cardiovascular system.  Age is a powerful predictor of 
mortality for patients with acute MI [9-12]. However, until 
recently, the fields of cardiovascular disease and molecular 
biology of aging have remained largely separate [1]. The 

higher mortality and morbidity associated with advancing age 
could be due to a reduction in some endogenous protective 
mechanism against myocardial ischemia, a classic example 
being “ischemic preconditioning” (IPC). 

In 1986, Murry and colleagues revealed an intriguing 
paradox (ie, that one or more brief episodes of ischemia, 
too brief in themselves to cause myocyte death,  render the 
heart resistant to a later, more prolonged period of coronary 
artery occlusion) [13]. This concept of “preconditioning with 
ischemia” has, since its first description, captured the interest 
of researchers worldwide. Cardiac IPC is represented as an 
anti-ischemic vaccination. In other words, IPC is a classical 
example of the hormetic effect of mild stress (i.e. brief and 
multiple ischemic episodes) which protects the heart against 
the more prolonged ischemic insult [14-16]. 

Pre-infarction angina (PIA) is the most evident 
equivalent of IPC. A retrospective analysis of in-hospital 
outcomes in the well-known TIMI-4 trial revealed that 
patients with a history of angina at any time before acute MI 
had a lower incidence of in-hospital death, congestive heart 
failure and/or shock, as well as smaller infarct sizes sizes 
(determined by creatine kinase release) when compared to the 
cohort without PIA [17]. The age-related reduction of IPC has 
been successively confirmed in several studies [18-20]. Thus, 
PIA has been studied in adult and elderly patients in terms 
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of in-hospital primary and secondary events: in adult patients 
(<65 years), both in-hospital mortality and cardiogenic shock 
were more frequent in the absence than in the presence of 
PIA; CK-MB (creatine kinase myoglobin fraction) peak, 
transmural infarctions number, the incidence of ventricular 
tachycardia and fibrillation, and the ventricular dysfunction 
were significantly higher in the adult patients without than in 
those with PIA. In elderly patients (≥ 65 years), the protective 
effect of PIA angina seems to be lost: both in-hospital primary 
and secondary end-points were similar in elderly patients with 
and without PIA. Logistic regression, adjusted for several 
variables including the use of thrombolytic and anti-anginal 
therapy, demonstrated that PIA is a protective variable against 
mortality and cardiogenic shock in adult but not in elderly 
patients [21].

The molecular mechanism of ischemic preconditioning is 
very complex. From activation of G-protein-coupled receptors 
(GPCR) by adenosine, norepinephrine, bradykinin, opioids, 
ect., phosphoinositide-3-kinase (PI3K)/serine/threonine kinase 
(Akt) is activated with subsequent downstream activation of 
nitric oxide synthase (NOS) and nitric oxide (NO) formation, 
and guanylate cyclase, protein kinase G (PKG) and protein 
kinase C (PKC) activation. Mechanisms of the age-related 
reduction of IP require a thorough study.

Methods of molecular analysis of large interactomes 
(blood, urine) and human tissues (myocardium, vascular wall), 
including methods of genomics, transcriptomics, proteomics, 
and metabolomics, allow us to explore the age-related IPC 
mechanisms in elderly patients with ISH, as models of 
cardiovascular aging.

Material and Methods
The study was prospective comparative cohort with 

parallel design. The study conducted in accordance with WMA 
Declaration of Helsinki (1964-2013) and the permission of the 
Ethics Committee of the Rostov State Medical University. It 
included 306 persons divided into two groups: Group 1 (the 
control group) included 150 elderly patients without AH, 
and Group 2 (the experimental group) included 156 elderly 
patients (early old-age pensioners, between 65 and 74 years) 
with ISH according to the inclusion/exclusion criteria. Patients 
with ISH corresponded to the criteria for the classification 
of blood pressure levels (SBP >140 mmHg and DBP<90 
mmHg) and the risk stratification – middle (n=87) and high 
(n=69) additional risk proposed by the WHO/ISH (1999), 
Guidelines for hypertension in Russia (2008), 2013 ESH/ESC 
Guidelines for the management of arterial hypertension [22]. 
The duration of ISH was 13.5 years. All patients of Group 2 
received one of the combinations of antihypertensive drugs 
(calcium antagonist amlodipine+diuretic indapamide retard; 
angiotensin receptor blocker valsartan+diuretic indapamide 
retard; calcium antagonist amlodipine+angiotensin receptor 
blocker valsartan). The duration of therapy was 5,2 years.

At the stage of data collection and screening, we applied 
standard methods for identification of ISH and secondary 
hypertension: the assessment of the patient`s complaints, 
medical history, physical examination, 24-hour ABPM, ECG 

(ATES MEDICA, Italy-Russia), echocardiography (Samsung-
Medison, South Korea), blood and urine tests, biochemical 
analysis of blood and urine, blood level  of aldosterone and 
corticosteroids, plasma renin activity, urinary catecholamines 
and metabolites (ELISA, Siemens 2000, Germany), 
coagulogram («Instrumentation Laboratory», USA), and 
MRI of adrenal glands, kidney and brain (Philips Intera 1,5Т, 
Japan). For estimating arterial distensibility, cardio-ankle 
vascular index (CAVI) and heart-brachial pulse wave velocity 
(B-PWV) were measured non-invasively using the VaSera 
VS-1000 vascular screening system (Fukuda Denshi, Tokyo, 
Japan). CAVI was measured at the following segments: 
CAVI1 (heart to ankle) and CAVI-2 (heart to iliac artery). All 
measurements were conducted in a room kept at a constant 
temperature with the subject resting in a supine position after 
resting for 5 min. 

Molecular phenotyping of biosamples (blood plasma) 
with the identification of molecules involved in IPC 
process were processed with methods of proteomics: the 
prefractionation, the separation of proteins with standard sets 
(MB-HIC C8 Kit, MB-IMAC Cu, MB-Wax Kit, «Bruker», 
USA), matrix-assisted laser desorption-ionization time-of-
flight mass spectrometry (MALDI-TOF-MS/MS, Ultraflex 
II, «Bruker», USA). The partially identified sequences were 
then submitted to “BLAST protein-protein” and screened 
against the Homo sapiens Swissprot database to check if 
this identification matched the MASCOT-identification 
(Matrix Science). The data of the molecular interactions and 
functional features of proteins were received with STRING 
10.0 database. The analysis of functional activity of molecules 
in the mechanism of IPC was performed by the databases 
InterPro, Entrez, SWISS-PROT, NRDB, PDB, and KEGG.  

Statistical analysis of the survey data was performed 
using the software “Statistica 12.0” (Statsoft, Russia).  
Baseline characteristics were summarized as frequencies and 
percentages for categorical variables and as mean±SEM for 
continuous variables. Student’s unpaired and paired t-tests 
were used to compare two groups for data with normal 
distribution. Group comparisons with respect to categorical 
variables are performed using chi-square tests with Yates 
correction or, alternatively, Fisher’s exact test when expected 
cell counts were less than 5. A probability value of P<0.05 was 
considered statistically significant.

Results
Clinical and anamnestic characteristics of ISH 

patients are presented in Table 1. In Group 2, parameters of 
coagulogram, blood and urine tests, blood levels of glucose, 
uric acid, potassium, aldosterone and corticosteroids, plasma 
renin activity, urinary catecholamines and metabolites were in 
the range of reference values. MRI signs of leukoaraiosis were 
detected in all patients with ISH.

At the stage of data collection and screening, we noted a 
significant increase in indicators of 24-h daytime and nighttime 
SBP and DBP and heart rate in Group  2 patients compared to 
Group 1 patients (daytime SBP: Group 1-117.6±3.5mmHg, 
and Group 2 - 141.2±3.4mmHg, P<0.001; daytime DBP: 
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Group 1 – 69.4±2.4mmHg and Group 2 – 78.4±1.6mmHg, 
P<0.001; nighttime SBP: Group 1 - 117.6±2.9mmHg and 
Group 2 – 130.9±3.6mmHg, P<0.001; nighttime DBP: Group 
1 – 67.6±1.8mmHg and Group 2 – 81.8±1.4mmHg, P<0,001; 
heart rate: Group 1- 72.3±1.2 bpm and Group 2 – 84.5±1.5 
bpm, P<0.001) despite the use of antihypertensive drugs. 

The concentric LVH was identified in all ISH patients 
compared to the control group (LVMI: Group 1 – 117.4±3.2g/
m2 and Group 2 – 134.3±4.3g/m2, P<0.001; RWT: Group 1-  
0.45±0.03 and Group 2 – 0.33±0.01, P<0.001).

We also noted significant differences in indicators of 
arterial stiffness between Groups 1 and 2 (B-PWV: Group 
1- 6.6±1.2 m/sec and Group 2 – 10.3±1.6 m/sec, P<0.01; 

CAVI1: Group 1- 8.0±0.7 and Group 2 -11.2±1.5, P<0.01; 
CAVI2: Group 1- 6.7±0.7 and Group 2- 10.6±1.8, P<0.01).. 
Significant changes in lipid profile were identified in Group 
2 patients compared to Group 1 patients (total cholesterol: 
Group 1 – 3.86±0.45mmol/l and Group 2 – 6.43±0.51mmol/l, 
P<0.05; LDL cholesterol: Group 1- 2.18±0.39mmol/l and 
Group 2 – 3.89±0.31mmol/l, P<0.05). 

Proteomic analysis helps in the detection of differences 
in the component composition of blood plasma proteins 
involved in IPC in ISH patients compared with the control 
group (Table 2). Bioinformatics analysis has revealed the 
presence of molecules that are the participants in the pathways 
of IPC, cardiovascular aging and the molecular interactions 
involved.

Discussion 
Proteomic analysis has revealed an increase in the 

absolute number of ISH patients with an abnormal profile of 
blood proteins performing certain biological functions and 
having various localizations in the intra- and extracellular 
spaces (Table 2). Molecules interact among themselves and 
with other molecules as participants of age-related IPC in ISH 
patients. 

A significant reduction in the expression of dishevelled-
associated activator of morphogenesis 1 (Daam1) in blood 
plasma indicates the remodeling process in the cardiovascular 
system through the pathological WNT–pathway. This protein 
promotes the incorporation of profilin in the cell membrane of 
cardiomyocytes, which that increase the rigidity and decrease 
the elasticity of the cardiovascular wall. 

APOD is known to regulate smooth muscle cells and is 
found in abundance within atherosclerotic lesions. Paracrine 
secretion by endothelial cells causes partial downregulation 
of APOD expression. Additionally, cell contact-dependent 
Notch signaling plays a role. NOTCH3 contributes to the 
downregulation of APOD and by itself is sufficient to attenuate 
APOD transcript expression. Our data indicates the special 
role of APOD in the development of age-related IPC [23].

Myocardial ischemic preconditioning upregulated 
protein 1 (Mipu1) is a newly discovered upregulated 
gene produced in rats during the myocardial ischemic 
preconditioning process. Mipu1 is a nuclear factor with a 
variety of biological functions, such as participation in the 
process of myocardial ischemic preconditioning, protection 
of the myocardium from ischemic disease, and inflammation 
[24]. Analysis of the function of Mipu1, as well as vascular 
endothelial growth factor-A (an important neuroprotectant) 
and ACE (a central component of the renin-angiotensin 
system) in CVD is beneficial because it may provide new 
ideas for prevention of cardiovascular aging. 

Each protein molecule in the functional group interacts 
with other protein molecules. For example, the molecular 
interactions of peroxisome proliferator-activated receptors D 
(PPARD) are presented in Fig.1. The concentration of PPARD 
decreases in the blood plasma of ISH patients compared to 
the control group. This fact with increasing age means there 
is a violation of the process of β-oxidation of fatty acids in 

Table 1.
Clinical-anamnestic characteristics of the studied patients 

Variable Group 1
(n=150) P-value Group 2

(n=156)
Sex (male/female), n 84/66 >0.05 86/70
Age, years 69.2±2.9 >0.05 67.3±2.5

Weight, kg 66.7±1.3 >0.05 69.4±1.6
Height, cm 170.3±1.9 >0.05 167.5±1.3
BMI, kg/m2 19.6±1.2 >0.05 20.8±1.3
Duration of disease, years 12.3±1.5 >0.05 15.7±1.9
Hypertensive crises, n - 71
Risk factors:
Heredity
Arterial hypertension
CVD
Dyslipoproteinemia
Anamnesis
CVD
Dyslipoproteinemia
Smoking
Poor nutrition
Obesity
Low physical activity

24
24
24

25
38
21
32
-

45

0.000
0.000
0.000

>0.05
0.000
0.000
0.000

0.000

74
74
74

27
124
68
83
-

93
Target organs and associated clinical 
conditions:

Brain and eyes (headache, dizziness, 
impairment of view, speech, TIA, 
sensory and motor disorders)

Heart (heartbeat, pain in the chest, 
shortness of breath, swelling)

Kidneys (thirst, polyuria, nocturia, 
hematuria, swelling)

Peripheral arteries (cold extremities, 
intermittent claudication)

21

21

14

15

0.000

0.000

>0.05

0.046

156

156

25

28

Physical examination:
Vascular changes in the fundus
Heart (offset heart borders, arrhyth-

mia, CHF)
Peripheral arteries (pulse weake-

ning or disappearance, asymmetrical 
radial pulse, cold extremities, 
symptoms of skin ischemia)

Carotid arteries (systolic murmur)

47
47

18

15

0.000
0.000

0.000

0.000

144
156

73

62
ECG data:

Sokolov–Lyon index (SV1+RV5-6) 
>3.5 mV, n

Cornell voltage QRS duration 
product (>244mV*ms),  n

34

34

0.000

0.000

144

144

TIA  – transient ischemic attack; CHF – chronic heart failure.
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cardiomyocytes, and a lack of myocyte protection from 
apoptosis induced by oxidative stress. The decrease in the 
PPARD expression in the blood plasma of ISH patients can 
lead to the development of myocardial damage. In our study 
we found a significant decrease in the expression of endothelial 
nitric oxide synthase 3 (NOS3) in the blood plasma of ISH 
patients, leading to a reduction in compensatory vasodilation 
and angiogenesis, that is associated with cardiovascular aging 
and features of age-related IPC. We also registered a high 
expression of endothelin-1 in the blood plasma of ISH patients, 
which plays a key role in the holding of vascular endothelium 
homeostasis. This protein reveals a vasoconstrictive effect, 
induces the accumulation of collagen and stimulates the 
mitogenesis of fibroblasts (ie, cellular processes underlying in 
cardiovascular aging).

Conclusion
The dynamics in the proteome-map of blood serum in 

ISH patients revealed the molecular features of age-related IPC 
as the component of the universal pathway of cardiovascular 
aging. 
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