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Abstract. The aim was to study plasma apoptosis markers (TNF-α, sTNF-R1, sFasL)
levels in patients with arterial hypertension (AH) depend on degree of blood pressure
elevation.
We examined 78 patients with AH, which were divided into 3 groups depend on AH
degree: 1 group (n=18) – 1 degree AH, 2 group (n=25) – 2 degree AH, 3 group
(n=35) – 3 degree AH. Plasma tumor necrosis factor-α (TNF-α), soluble TNF
receptors type 1 (sTNF-R1), and soluble Fas ligand (sFasL) levels by ELISA were
detected.
It was found that plasma TNF-α levels in all groups patients were higher than in
healthy normotensives (p<0.05). Maximum mean was detected in 2 degree AH
patients. Circulating sTNF-R1 levels of all groups patients were elevated vs normal
means (p<0.05). Inspite of detected increasing TNF-R1 concentration, natural TNF-
αinhibitor, and insignificant decreasing of TNF-α/sTNF-R1, cytokine level remained
high, tha tconfirm possibility of TNF-mediated apoptosis pathway in hypertensive
patients. Obtained results indicate possibility of Fas-related apoptosis in patients
with arterial hypertension.
Conclusion. Result of our clinical study showed increased immuno-inflammatory and
proapoptotic activity depends on presence and degree of arterial hypertension.
Keywords: apoptosis, circulating apoptosis biomarkers, arterial hypertension.

Apoptosis, or programmed cell death, is a normal component of the

development and health of multicellular organisms. Cells die in response to a variety

of stimuli and during apoptosis they do so in a controlled, regulated fashion [1,2].

This makes apoptosis distinct from another form of cell death called necrosis in

which uncontrolled cell death leads to lysis of cells, inflammatory responses and,

potentially, to serious health problems. Apoptosis, by contrast, is a process in which
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cells play an active role in their own death (which is why apoptosis is often referred

to as cell suicide) [3,4].

The term programmed cell death was first introduced in 1964, proposing that

cell death during development is not of accidential nature but follows a sequence of

controlled steps leading to locally and temporally defined self-destruction [5].

Eventually, the term apoptosis had been coined in order to describe the

morphological processes leading to controlled cellular self-destruction and was first

introduced in a publication by Kerr, Wyllie and Currie [6]. Apoptosis is of greek

origin, having the meaning "falling off or dropping off", in analogy to leaves falling

off trees or petals dropping off flowers. This analogy emphasizes that the death of

living matter is an integral and necessary part of the life cycle of organisms. The

apoptotic mode of cell death is an active and defined process which plays an

important role in the development of multicellular organisms and in the regulation

and maintenance of the cell populations in tissues upon physiological and

pathological conditions. It should be stressed that apoptosis is a well-defined and

possibly the most frequent form of programmed cell death, but that other, non-

apoptotic types of cell death also might be of biological significance [3,5].

There are a number of mechanisms through which apoptosis can be induced in

cells. The sensitivity of cells to any of these stimuli can vary depending on a number

of factors such as the expression of pro- and anti-apoptotic proteins (eg. the Bcl-2

proteins or the Inhibitor of Apoptosis Proteins), the severity of the stimulus and the

stage of the cell cycle.

There are 3 different mechanisms by which a cell commits suicide by apoptosis.

1. Generated by signals arising within the cell;

2. Triggered by death activators binding to receptors at the cell surface:

o Tumor necrosis factor-α (TNF-α)

o Lymphotoxin

o Fas ligand (FasL)

3. May be triggered by dangerous reactive oxygen species [7,8].



____________________________________________________________________

________________________________________________________________________________________________________________________
Inter collegas. – 2014. – 1 (1).

33
Apoptosis is an energy-dependent process by which a specific genetic program

leads to the activation of molecular cascades that cause cell death. Apoptosis is

marked by the involution of the cell, eventuating in phagocytosis by neighboring

cells. By deleting cells, apoptosis plays a physiological role in controlling cell mass

and architecture in many tissues, including the myocardium [9-11].

Under a pathophysiological point of view, hypertension affects the

myocardium at two different stages. In both humans and animal models, pressure

overload is characterized by a period of compensation in which left

ventricular concentric hypertrophy normalizes systolic wall stress and

contractile function is preserved. The period of adaptation, which may last for weeks

in rodents and months to years in humans, is inexorably followed by a transition to

cardiac failure. This transition is characterized by impaired survival, the onset of

chamber dilatationwith the failure of further concentric hypertrophic growth

to normalize load, and progressive contractile dysfunction. A number of observations

suggest that the transition to failure relates mainly to cardiomyocyte loss due to both

apoptosis and necrosis, changes in the composition of motor unit and cytoskeleton of

cardiomyocytes, and alterations in the metabolism of the extracellular matrix [12-16].

Apoptosis is recognized, increasingly, as a contributing cause of

cardiomyocyte loss with important pathophysiological consequences. Recent

evidence demonstrates that cardiomyocyte apoptosis is abnormally stimulated in the

heart of animals and humans with arterial hypertension [17,18].

Cardiomyocyte apoptosis has been proposed to occur as a result of an

imbalance among the factors that induce or block apoptosis. Alternatively, it is

possible that apoptosis reflects some intrinsic abnormalities in those factors that act

within the cardiomyocyte determining the resistance or the susceptibility of the cell to

apoptosis [19].

In conclusion, much work is being carried out regarding the mechanisms and

the extent of cardiomyocyte apoptosis in hypertensive heart disease, but many

methodological and conceptual issues still remain unsolved. Clarification of these
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unresolved issues will then allow an estimation of the role of apoptosis in the

pathogenesis of heart failure associated with hypertensive heart disease.

Therefore, the aim of our clinical investigation was to study plasma apoptosis

markers (TNF-α, sTNF-R1, sFasL) levels in patients with arterial hypertension

depend on degree of blood pressure elevation.

Design and methods. We examined 78 patients with arterial hypertension,

duration of the diseases in which was from one month to 40 years (10.09±48 years).

Duration of blood pressure (BP) elevation not more than 5 year was evaluated in

30.28%, from 5 to 10 years – 34.51%, and more than 10 years – in 35.21% of

patients. Control group include 20 healthy persons.

BP levels vary: systolic BP (SBP) – from 134.70 mm Hg to 250.00 mm Hg (in

average 170.96±1.33 mm Hg); diastolic BP (DBP) – from 80.70 mm Hg to 160.00

mm Hg (in average 103.14±0.63 mm Hg). Average mean of heart rate (HR)

80.32±0.69 beats per minute were determined (from 50 to 120 b/min).

AH 1 degree were diagnosed in 35.01% patients (SBP – 149.39±0.56 mm Hg,

DBP – 95.96±0.46 mm Hg);  2 degree – in 32.39 % patients (SBP – 166.33±0.67 mm

Hg, DBP – 102.53±0.72 mm Hg); 3 degree AH was detected in 32.39 % patients (SBP –

196.54±1.72 mm Hg, DBP – 111.46±1.29  mm Hg) (Figure 1).

Figure 1.Patients division depend on arterial hypertension degree

1 degree AH
35.21%

2 degree AH
32.39%

3 degree AH
32.39%
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Depend on degree of target-organs affection, I stage AH was determined in 8.45%

patients, II stage AH in 81.69%, III stage – in 9.86% patients (Figure 2). In 3.17%

examined persons, cerebral stroke was in anamnesis, in 6.69% patients – myocardial

infarction.

Figure 2.Patients division depend on arterial hypertension stage

In most patients (93.66%) hypertension was complicated by heart failure (HF): in

26.06% cases I degree HF, in 59.15% - IIA degree HF, and in 8.45% - IIB degree HF.

6.34% patients had no HF signs (Figure 3).

Figure 3.Patients division depend on heart failure degree
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Divisionofthepatientsaccordingtofunctionalclass(FC) NewYorkHeartAssociation

(NYHA) showedI NYHA functional class in 3.17% patients, II NYHA FC– in 45.452%,

III NYHA FC – in 44.37%, and IV NYHA FC – in 7.04% (Figure 4).

Figure 4.Patients division depend on functional class (NYHA)

Concomitant coronary heart disease (CHD) took place in 72.89% patients: among

them in 1 degree AH presence of CHD was diagnosed in 57% patients, whereas in 2

degree AH – in 77.17% and in 3 degree – in 85.86% patients.

Exclusion criteria: secondary arterial hypertension, concomitant oncological

pathology, acute and chronic inflammatory diseases, diabetes mellitus, significant

alterations of heart rhythm and conductivity.

Tumor necrosis factor-α plasma levels were determined by ELISA method

(“ProCon TNFα “Protein contour”, Saint Petersburg, Russia), which is used to

quantitative determination of Human TNF-α in plasma, serum, and cultural fluids in

concentrations intervals 20-2000 pg/ml. According to this method normal serum

blood TNF-α levels usually don’t exceed 50 pg/ml.

Determination of tumor necrosis factor-α soluble receptors type 1 (sTNF-R1)

was done by ELISA (sTNF-RIEASIA, BioSource Europe S.A., Belgium). Reagents

kit is used to human sTNF-R1 quantitative analysis in serum, plasma, cellular

cultures and others biological fluids. According to this method normal sTNF-R1 level
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that was assessed in 129 healthy persons vary from 0.3 ng/ml to 2.9 ng/ml, 1.2±0.6

ng/ml in average.

Plasma sFasL levels were measured by test-system “humansFasLigandELISA”

(BenderMedSystems, Vienna, Austria). Assay kit is used to human sFasL

quantitative analysis in such solutions as supernatants or fluids of human organisms

by Enzyme-LinkedImmunosorbentAssay – ELISA.

Statistical analysis was conducted according to rules of medico-biological

information assessment after creation of data base in program Microsoft® Excel.

Parametric and nonparametric statistical methods were used. Continuous variables

are presented as average mean (M) and standard error (SE) and were tested using

Student’s t-test. To analyze relationships between examined parameters correlation

analysis was conducted. All tests were two-sided and considered statistically

significant at p<0.05. Odds ratios are reported with 95% confidence intervals. Data

analyses were performed using computer program „STATISTICA7.0” forWindows

(StatSoftInc., USA).

Hemodynamic overload causes hyperactivity of proinflammatory cytokines

that can initiate apoptosis cascade. In order to confirm this hypothesis, patients were

divided into 3 groups depend on AH degree: 1 group (n=18) – 1 degree AH, 2 group

(n=25) – 2 degree AH, 3 group (n=35) – 3 degree AH (Figure5).

Circulating sTNF-R1 levels of all groups hypertensive patients were elevated

vs normal means (p<0.001 in all cases) (Figure 6).

Analysis of plasma sTNF-R1 content dynamic showed tendency of its

increasing parallel to BP level elevation (1 groupvs 2 groupp=0.59; 1groupvs 3 group

p=0.36; 2group vs 3 group p=0.75).

Mean of TNF-α/sTNF-R1 ratio that reflect relation ligand/receptor complex, of

normotensive control group was 11.03±2.84. Study of this parameters changes shows

its increasing in hypertensive patients with different degree of BP elevation as

compared with normotensive persons (control vs 1 groupp=0.0004; vs 2

groupp=0.0001; vs 3 groupp=0.0006).
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Figure 5.Plasma TNF-a levels in healthy persons and patients depend on AH degree

Figure 6. Plasma sTNF-R1 levels in healthy persons and patients depend on AH

degree
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Maximum mean was revealed in patients with 2 degree AH, that reflect more

significant elevation of TNF-α vs its natural antagonists – sTNF-R1 (p=0.34 vs 1

degree AH; p=0.61 vs 3 degree AH). Inpatientswith 3

degreeAHitwasevaluatedinsignificantloweringTNF-α/sTNF-R1 compared with 2

degree AH patients, but it was higher than in 1 degree AH (p=0.59) and normotensive

subjects of control group.

Correlation analysis revealed positive relationships between SBP and sTNF-R1

(rs=0.41; p=0.040) in patients with 2 degree AH; between DBP and TNF-α (rs=0.51;

p=0.002), TNF-α/sTNF-R1 (rs=0.49; p=0.003).

Thus, inspite of detected increasings TNF-R1 concentration, natural TNF-

αinhibitor, and insignificant decreasing of TNF-α/sTNF-R1, cytokine level remained

high, that confirm possibility of TNF-mediated apoptosis pathway in hypertensive

patients.

Alternative mechanism of apoptotic cellular death realization is binding of Fas

receptor with corresponding ligand – Fas ligand (FasL). Apoptosis inductor rate in

blood of hypertensive patients was 73±5%, in average level 0.38±0.03 ng/ml

(concentration interval from 0 to 0.91 ng/ml).

We found significant sFasL detection rate in hypertensive patients depend on

degree of BP elevation (Table 1).
Table 1

sFasLdepend on level of blood pressure elevation

Parameters 1 degree АH
(n=18)

2 degree АH
(n=25)

3 degree АH
(n=35)

Age (years) 52.83±1.46 53.40±2.35 55.94±1.56

AH duration (years) 5.51±1.20 7.52±1.36 13.20±1.56

SBP(mm Hg) 149.08±1.51 164.97±1.13 196.40±2.83

DBP (mm Hg) 96.04±1.21 102.03±1.53 113.52±2.06

sFasL(ng/ml)

Detection rate (%)

Absolute patients amount(n)

0.28±0.07

56±12

10

0.40±0.06

76±9

19

0.41±0.04

80±7

28
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In 1 degree AHsFasL presence was found approximately inone-half of patients;

in 2 degree AHsFasL detection rate was higher (p=0.082 according χ2); in 3 degree

AH tendency of sFasL detection rate increasing was shown (p=0.75 vs 2 degree AH;

p=0.040 vs 1 degree AH according χ2). Assessment of average sFasL levels dynamics

evaluated same tendency of its elevation (Figure 7).

Figure 7. Plasma sFasL levels in hypertensive patients depend on blood pressure level

elevation

There were no significant difference between average sFasL means in blood

plasma of patients with 2 and 3 degree AH (p=0.97) and sFasL levels were some

higher compared with 1 degree AH (p=0.16; p=0.10 correspondingly).

Positive correlation was found between age of hypertensives and plasma sFasL

levels (r=0.40; p=0.048); negative – between sFasLand TNF-α (r=-0.55; p=0.005),

TNF-α/sTNF-R1 (r=-0.45; p=0.023) in patients of 2 degree AH, between sFasL and

TNF-α (rs=-0.54; p=0.0008), TNF-α/sTNF-R1 (rs=-0.55; p=0.0006) in 3 degree AH
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patients. Obtained results indicate possibility of Fas-related apoptosis in patients with

arterial hypertension.

Conclusion. Result of our clinical study showed increased immune-

inflammatory and proapoptotic activity depends on presence and degree of arterial

hypertension.
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