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1.Introduction

A key component in the pathophysiology of hypertension is inflammation. It is determining not
only hypertension development and/or progression but also leads to end-organ damage [1,2].
Metabolic/chemical, mechanical (wall stretch), or infectious endothelial aggressions trigger complex
immune reactions, leading to a pro-inflammatory state [3]. Patients with essential hypertension have an
altered profile of pro- and anti-inflammatory cytokines [4].

Of great interest is the role of subtypes of T cells in hypertension and the mechanisms by which
they contribute to this disease. There has been substantial interest in the role of subtypes of T cells in
hypertension, and the mechanisms, by which they contribute to this disease. It was found that mice
lacking CD8 + T cells were protected from hypertension, whereas mice lacking CD4+ T cells or MHC class
IT were not [5]. An interesting study by Youn et al. (2013) compared circulating T cell phenotypes in
newly diagnosed hypertensive patients to age- and sex-matched controls and found that the number of
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circulating “Immunosenescent” pro-inflammatory CD8+ T cells is increased in humans with hypertension
[6]. These cells produce increased amounts of IFN-y, TNF-a, and the cytotoxic molecules granzyme B and
perforin compared with CD8+ T cells from normal subjects. There is also evidence that CD4+ T cells are
activated in hypertension and likely play an important role. It was shown that IL-17A, produced in large
part by CD4+ T cells plays a critical role in the regulation of blood pressure [7,8].

To regulate the functional activity of lymphocytes, the protective and damaging effect of T cell
antibodies in the immune system, based on the interaction of immune cells with mediators of the nervous
and endocrine systems, several autoregulatory mechanisms have been developed that ensure the
maintenance of homeostasis of these systems and regulation of the immune response in various diseases
[9,10]. This regulation is carried out by modulating the activity of receptors expressed on the surface of
cells, in particular, B-adrenergic receptors. Early data of radioligand binding analysis confirmed the
expression of the -adrenergic receptor on both the human and the murine T cell populations, of which
the B2 adrenergic receptor subtype is predominant; scarce evidence supports the expression of a high-
affinity f1 adrenergic receptor on T cells [11,12]. It was shown that nonselective f-adrenergic blocker
propranolol altered the mitogenic response of lymphocytes in essential hypertension, increased their
proliferation and differentiation rate, and therefore changed the distribution of lymphocyte subclasses
[13].

B-adrenoceptors under the influence of endogenous and exogenous stimuli initiate a cascade of
biochemical reactions and intermolecular interactions and modulate cell activity. Their mechanism of
action includes G-protein-mediated activation of adenylate cyclase, intracellular accumulation of cAMP,
and activation of protein kinase A (PKA), which through phosphorylation regulates the activity of
numerous targets (tyrosine and serine-threonine kinases) constitutionally associated with CRE (cAMP-
responsible element) and transcription factors participating in the regulation of gene transcription [14].

Our research aimed to establish the effectiveness of various f-adrenergic receptor blockers in the
regulation of T cell proliferation in the model system of the Jurkat cells.

Jurkat human CD4(+) T cell lymphoblast-like cell line was established from the propagation of
peripheral blood cells of a 14-year-old boy with T cell leukaemia. Stimulation of these cells with phorbol
esters, such as 12-O-tetradecanoylphorbol-13-acetate (TPA) and either lectin, such as
phytohemagglutinin (PHA) or monoclonal antibodies leads to activation of T cell antigen receptors and
induction of IL-2 expression. IL-2 is a key cytokine important for the proliferation and differentiation of
T cells into effector T cells through interaction with the IL-2 receptor. Because these cells can produce IL-
2 in response to stimulation, they are frequently used in research to study the T cell-mediated immunity
and response, regulation of cytokine expression, proliferation, and differentiation of T cells.

2.Material and Methods

2.1 Cell culture. The research involved human leukemic mature T cells (Jurkat cells) (DSMZ-
Deutsche Sammlung von Mikroorganismen und Zellkulturen (Germania)). Cells were proliferated in
bioactive medium RPMI 1640 (GIBSO), inactivated embryonic bovine serum (Sigma), L-glutamine
(4mM), penicillin (100un/ml), and streptomycin (100un/ml) containing suspension at 37°C T, moist 5%
COzcontaining medium. Experiments will be carried out on cell concentrations 0,3 — 0,6 x 10° cells in 1ml
of the medium. Stimulation of Jurkat cells (4 x 10° cells/ml) involved incubation with 20 pug/ml and 50
pg/ml PHA at 37° for 24 hours. PHA was then removed by brief centrifugation, cells were washed three
times with RPMI-1640 and resuspended in a complete medium.

Viability and proliferative activity of intact and PHA-stimulated Jurkat cells under the influence
of Nebilet, Egilok Betalok Zok (25 mg. 50 mg), and Propranolol (0,2 mM) were studied.

2.2 Cell Viability Assay. For the analysis of cell proliferation, cell viability, and/or cytotoxicity,
tetrazolium salts (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)) cleavage into a
blue-coloured formazan product by mitochondrial dehydrogenases, are currently widely used.

PHA and B-blockers were added directly to the culture medium and incubated for 24 h. Cells were
then washed twice with HEPES-buffered incubation medium (HBM; 140 mM NaCl, 5 mM KCl, 5 mM
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NaHCOs, 1.1 mM MgClz, 1.2 CaClz, 5.5 mM glucose, and 20 mM HEPES, pH 7.4) and incubated for 45
min at 37°C in HBM containing MTT (0.5 mg/ml). After this period, the HBM was removed carefully and
the blue formazan product was dissolved in 300 pl of 100% dimethylsulfoxide (DMSO). The
spectrophotometric absorbance (4)was read at 570 nm.

We calculated the coefficient of viability through the formula below:

K = Ama./.AcontmI

2.3 Statistical Analysis Statistical processing of the obtained results was conducted according to
SPSS 11.0 program. The Student’s t-test was used for the analysis of differences between means and a
change with a p-value < 0.05 was considered statistically significant.

3. Results

We investigated the viability of intact and PHA-stimulated Jurkat cells under exposure to f3-
adrenergic receptor blockers (Nebilet, Egilok, Betalok Zok, and Propranolol) (Figure 1).

The results of the study show that PHA at a dose of 20ug/ml does not significantly affect the
viability of intact cells, whereas a dose of 50pg/ml exhibits revealed cytotoxicity, which is consistent with
the literature data [15].

Study results show that B-adrenergic receptors blockers selectively influence the activity of
mitochondrial dehydrogenases, and therefore viability in both intact and mitogen-stimulated Jurkat cells.
In particular, Nebilet, Betalok Zok (50mg), and Propranolol induced a statistically significant decrease of
intact Jurkat cells viability by 63%, 20%, and 32%, respectively; Egilok and Betalok Zok (25mg) didn’t
statistically significantly affected the Jurkat cells PHA) activated Jurkat cells viability. Nebilet, Betalok
Zok (50mg), and Propranolol decreased viability on the mitogen (PHA) activated Jurkat cells (for PHA
dose 20pg/ml) and didn’t affect at a PHA dose of 50ug/ml.

Figure 1. Viability of Jurkat Cell under the Influence of B-adrenergic receptors blockers
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Zok 50 mg; 6 - Jurkat + Nebilet

4. Discussion

Despite the extensive use of B-blocker for the treatment of hypertension and many cardiovascular
problems, the mechanisms responsible for their important clinical effects are not well elucidated. p-
blockers can be classified into three groups: first-generation non-selective B-blockers, second-generation
beta-selective -blockers, and additional third-generation p-blockers with addition to previous actions,
have vasodilatory effects by different mechanisms: concomitant a-1 adrenergic receptor blockade,
increased synthesis and release of nitric oxide in the vascular endothelium [16]. Our research used first-
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generation non-selective f-blocker Propranolol, second-generation beta-selective -blockers Egilok and
Betalok Zok, and third-generation -blocker with blocker addition to previous actions, ability to increase
synthesis and release of nitric oxide (NO).

The main component of selective B-blockers Egilok and Betalok Zok is Metoprolol (Egilok -
Metoprolol tartrate, Betalok Zok - Metoprolol succinate) - a cardioselective beta-adrenoceptor antagonist
(it has a higher affinity for 1 - receptors than for the B-2 receptor subtype - f1/B2 selectivity = 74 [17].
Receptor-subtype selectivity is diminished at higher doses. Egilok contains Metoprolol tartrate,
characterized by immediate release, it exhibits a weak effect, in contrast to the long effect of Betalok Zok,
containing metoprolol succinate, characterized by an extended-slowly release. This circumstance allows
us to explain the relatively strong inhibiting effect of high doses of Betaloc Hawk on intact and PHA-
stimulated Jurkat cells in comparison to Egilok (Fig.1).

Nebivolol B1/B2 selectivity = 321 [17] allows us to assume its inhibitory effect on intact and PHA-
stimulated cell proliferation (where B2-adrenoreceptors are highly prevalent) is related to the NO-
dependent mechanisms.

For propranolol B1 / 2 selectivity = 1 [17].

The antagonist of f-adrenergic receptors, propranolol contributed to a significant decrease in the
activity of mitochondrial dehydrogenases, and hence the viability of both intact and mitogen-stimulated
Jurkat cells. The cytotoxic activity of B-blockers has also been identified in other studies on various cell
types [18,19]. It is known that activation of mitochondrial dehydrogenases requires an increase in the
content of Ca? ions [8]. Takemura H. et al showed that -adrenergic receptor-dependent calcium
mobilization in Jurkat cells occurs via cAMP and IP3 activation [20]. Thus, the cytotoxic activity of 8-
blockers should be due to the blocking of cAMP-dependent Ca2+ mobilization in mitochondria with a
subsequent decrease in the activity of their dehydrogenases, and hence the viability of Jurkat cells. The
beta-blocker effect on T helper type 1 cytokine profile in human leukemic T cells has been assessed in
vitro [4,21,22,23].

5. Conclusion

Thus, it can be concluded that the viability of T cells, and hence their functional activity, is largely
sensitive to the effects of f-blockers. These data and possible disturbances in the immune system's activity
must be considered when using 3-blockers for the treatment of various diseases in the clinic.
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Yuusepcurer I'pysun um. JlaBuna Armamene6enu, Tomnmucckuii 'ocymapersennsiit MegunmHCKu
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PE3IOME

Ilenbio HamMxX MccIeNOBaHUN OBLIO yCTaHOBIeHHE 3(hGEKTUBHOCTU PA3IHYHBIX OJIOKAaTOPOB f3-
a/ipeHOPEIEIITOPOB B peryainuu mpoanudepanuu T-KIeToK B MOZeIbHOM cucTeMe KIeTok Jurkat.

Marepuan 1 MmeTogs!. ViccieoBaHUA IIPOBOAMIINCE HA 3pesIbIX TUM(OuIHbIX T-KIeTkax yejoBeKa
(xmerku Jurkat) (DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen (I'epmanus)),
aktuBupoBaHHBIX  ¢uroremarrmoruinaom  (Pr'A). C  momompio  MTT-tecta  ompezensiu
’KM3HECIIOCOOHOCTs M NPOTH(EPaTUBHYIO aKTUBHOCTh MHTAKTHBIX U PI'A-cTUMyIMpOBaHHBIX KJIETOK
Jurkat mog, BrusHueM mpenaparoB He6umer, druiok, beranok 3ok u Ilponpanosos.

PesynbraThl. PesymbraTsl mcciemoBaHHSA IIOKA3bIBAlOT, 4TO OJIOKATOPHI [3-aZpeHOpelenTopoB
u30MpaTesbHO BAMAIOT HAa AKTUBHOCTH MUTOXOHAPUANBHBIX AEeTUAPOTEHAa3 M, CJIefOoBaTeIbHO, Ha
’KM3HECIIOCOOHOCTh KaK MHTAKTHBIX, TAK U CTUMYJIMPOBAaHHBIX MUTOT€HOM KJIeTok Jurkat. B wacTHOCTH,
Heb6uner, beramox 3ok wu IlpompaHoson BBI3BIBATM CTaTUCTUYECKH 3HAYMMOE CHIDKEHUE
>KM3HECIIOCOOHOCTH MHTAaKTHBIX Ki1eToK Jurkat Ha 63%, 20% u 32% cooTBeTCTBeHHO; DIUIOK; U Beramok
30k (25 Mr) He OKa3bIBalM CTATHCTUYECKH 3HAYMMOIO BIMAHHA Ha >ku3HecmocoOHocts OI'A-
aKTUBHUpOBaHHBIX KiaeToK Jurkat. HeGwrer, Beramox 3ok (50 Mr) u IIpOmpaHOION CHIDKAIU
YKU3HECIIOCOOHOCTH akTHBUPOoBaHHBIX MuToreHOM (OI'A) Kiretok Jurkat (mus mo3sr ®T'A 20 mkr/mn) u He
Bnusiu pu fose OT'A 50 mkr/mir.

BrsiBos. MoxHO cpmemaTh BBIBOJ, YTO JKM3HECIIOCOOHOCTH T-KJIE€TOK, a 3HA4YUT, U UX
byHKIMOHAIbPHAS aKTUBHOCTh B 3HAUMUTENBHOM CTEIIEHM UyBCTBUTENbHBI K JeHCTBHIO [3-
aZipeHOGIOKATOPOB. DT JAHHEIE, a TAK)Ke BO3MOXKHBIE HAPyUIEHUA AeATeIbHOCTH UMMYHHOH CHCTEMBI
He0oO0XOZUMO YIUTHIBATH IIPU IPUMeHEeHUHN [-afpeH0OIOKAaTOPOB A JeYeHH Pa3TNIHBIX 3a00IeBaHNUH
B KJIMHUKE.

TAMAR SHARASHENIDZE, MAIA ENUKIDZE, MARINE MACHAVARIANI,

NINO OTARISHVILI, TEA GABUNIA, TAMAR SANIKIDZFE
B-ADRENERGIC RECEPTOR BLOCKERS AS A REGULATOR OF T CELL VIABILITY (IN THE
MODEL SYSTEM OF THE JURKAT CELLS)

David Aghmashenebeli University of Georgia, Tbilisi State Medical University, Georgia

SUMMARY

Our research aimed to establish the effectiveness of various f-adrenergic receptor blockers in the
regulation of T cell proliferation in the model system of the Jurkat cells.

Material and Methods. The research was conducted on the human leukemic mature T cells (Jurkat
cells) (DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen (Germany)) activated by
phytohemagglutinin (PHA). Viability and proliferative activity of intact and PHA-stimulated Jurkat cells
under the influence of Nebilet, Egilok, Betalok Zok, and Propranolol were studied with the MTT test.

Results. Study results show that f-adrenergic receptors blockers selectively influence the activity
of mitochondrial dehydrogenases, and therefore viability in both intact and mitogen-stimulated Jurkat
cells. In particular, Nebilet, Betalok Zok, and Propranolol induced a statistically significant decrease of
intact Jurkat cells viability by 63%, 20%, and 32%, respectively; Egilok and Betalok Zok (25mg) didn’t
statistically significantly affect the PHA- activated Jurkat cells viability. Nebilet, Betalok Zok (50 mg), and
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Propranolol decreased the viability of the mitogen (PHA) activated Jurkat cells (for PHA dose 20ug/ml)
and didn’t affect at a PHA dose of 50pg/ml.

Conclusion. It can be concluded that the viability of T cells, and hence their functional activity, is
largely sensitive to the effects of B-blockers. These data and also possible disturbances in the activity of
the immune system must be considered when using -blockers for the treatment of various diseases in the
clinic.

Keywords: B-blockers, T cells viability, adrenoreceptors
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