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Today, increasing attention is being paid to the role of circadian rhythms in pathology. There are time-of-day-dependent immune markers that provide valuable
information about disease progression. The aim of this study was to measure evening and morning concentrations of a few cytokines (interleukins, adhesion
molecules, tumor necrosis/growth factors, etc.) in the peripheral blood of patients with stage Il essential hypertension and to investigate how they correlate with
a nocturnal blood pressure decline. Blood samples were collected from 90 patients with stage Il EH at 7:00 a.m. and 8:00 p.m. Cytokine concentrations were
measured using immunoassays. Based on 24-h blood pressure monitoring, the patients were distributed into 3 groups: dippers, non-dippers and night-peakers.
The morning to evening ratios of cytokine concentrations in patients with EH differed from those in healthy controls due to an increase in the evening concentrations
of somnogenic cytokines (IL1B3, IL1a) and LIF, sLIFr, and M-CSF whose daily fluctuations patterns remain understudied. On the whole, the fluctuation patterns of the
measured cytokines in patients with stage Il EH who had had the condition for 10 to 14 years and were receiving no antinypertensive treatment at the time of our
study differed from those displayed by healthy controls. A twenty percent rise in the evening concentrations of IL1a, LIF, sLIFr, M-CSF, and erythropoietin contributes
significantly to pathological blood pressure rhythms (as demonstrated by the groups of non-dippers and night-peakers) in patients with stage Il EH receiving no
antihypertensive therapy. Understanding the pathophysiological role of cytokine levels and their fluctuations over a 24-h cycle could inspire new methods for EH
prevention and reduce end-organ damage.
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CBAA3b CYTOYHbIX KONIEBAHU COOEPXXAHUA LULMTOKUHOB C USBMEHEHUEM
PUTMOB APTEPUAJIbHOIO OABNEHWSA NMPU 3CCEHUUANIBHOW
APTEPUAJIbHON MTNEPTEH3UN BTOPOW CTAOUN
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Bce 6orblie BHUMaHVS yaenseTcs MCCnefoBaHnio PO CyTOYHbIX PUTMOB B MATOMOMMYECKYX MPoLeccax B opraHvame. besycnoBHO, CyLLECTBYIOT CyTOUHbIE
VIMMYHHbIE MapKepbl, MO3BOMSIOLLME CyOuUTb O MpOrpeccupoBaHvM psiaa 3abonesaHuid. Llenbto nccnepoBanns Obino M3yYnTb COAepXKaHne LMTOKMHOB
(MHTEPNENKMHOB, MONEKYN aare3unu, akTopoB HEKPO3a OMyXonu, pocTa U Ap.) B CbIBOPOTKE NepUepnHeCcKon KpoBm B0MbHbIX 3CCEHLManbHOM apTepranbHOM
runepteHaven (OAN) Il cTagun B yTpeHHee/BedepHee BPeMsi 1 ero KOPPEensaLmio CO CTEMEHbIO CHUDKEHVS apTepuanbHoro aasneHus (AL) B HoYHoe Bpemst. Y
90 naumeHToB ¢ DAI Il cTagum nposoannu 3adop kposw B 7.00 1 20.00 4, onpeaensnm MMMyHoepMEHTHbIM METOLOM B CbIBOPOTKE Nepudepnyeckoin Kposn
LIMTOKVHBI 1 MPOBOAMIN aHa/3 AaHHbBIX CyTOHYHOrO MOHMTOpUpOBaHKs ALl ¢ BbldeneHvem rpynn: «Dipper», «Non-dipper», «Night-peaker». OBHapy»<eHO 13MeHeHe
OTHOLLIEHVS! YTPEHHUX N BEYEPHUX KOHLIEHTPALWIA NMPY CPaBHEHWM CO 340POBbIMM, 3@ CHET MOBbILLEHWSI CTEMEHM pocTa B BeYepHEee BPEMS Kak LIUTOKMHOB
13 rpynnbl «somnogenic» (IL163, IL1a), Tak 1 Mano nsyyeHHbIX B acnekTe CyTOoYHbIX 3akoHomMepHocTen LIF, sLIFr, M-CSF. OuHamuka v ypoBHU 1cchesyemMblx
nokaaarene y naumeHTos ¢ Al |l cTagnen n aHamHe3oM 3abonesaHnsa 10-14 neT 6e3 rMNOTEH3MBHOW Tepanin OTIMHAICL OT TakoBbIX B MPyMne 3A0POBbIX
L06POBObLEB (KOHTPONS). MoBbiLeHne koHUeHTpauwin IL1a, LIF, sLIFr, M-CSF, sputponoatuHa B 20.00 4 Ha 20% 1 6onee SBAseTcs 3Ha4YNMbIM KOMMOHEHTOM
hopM1poBaHYS NaTONOrMHECKIX OKoNocyToqHbIX prTMoB AL («Non-dipper» 1 «Night-peaker») y 6onbHbix AT Il cTapun npu gnvtensHocT 3adonesaqns 10-14 net (6es
npuemMa rmnoTeH3uBHbIX NpenapaTos). MoHMMaHVe NaToMK3MONOrNHECKOR PO N3MEHEHUS HE TOMBKO KOIMHECTBEHHbIX XapaKTEPUCTUK LIUTOKMHOB ChbIBOPOTKM
nepudepn4eckoin kposn y 6obHbIX DAL Il cTagmm, HO 1 OCOBEHHOCTEN NX CYTOHHOMN AMHAMUKNA MOXET CTaTb OCHOBOW CO3LAHUS HOBbIX CUCTEM MPOMUNaKTUKN
nporpeccnpoBanst DAl U CHU3UTL YaCcTOTY NOBPEXAEHVSI OPraHOB-MULLIEHEN.
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Circadian rhythms are adaptive oscillations in behavior and
physiology that follow a roughly 24-h cycle and prepare an
organism for the environmental effects of the Earth’s rotation
[1]. The circadian clock originated in cyanobacteria and is found
in all multicellular organisms and mammals in particular. In
2017, the Nobel prize in physiology or medicine was awarded
to Jeffrey C. Hall, Michael Rosbash and Michael W. Young
“for their discoveries of molecular mechanisms controlling the
circadian rhythm”. This award has emphasized the importance
of research into the role of daily cycles in health and pathology.
In 1960 Halberg et al. articulated the basic principles of
circadian rhythm research in immunology after discovering a
circadian pattern of sensitivity to an endotoxin administered to
mice at different times of day. The sleep/wake cycle is one of
the most well-studied manifestations of the circadian rhythm,
correlating with the immune response and blood pressure (BP)
dynamics [2]. It is currently assumed that proinflammatory
cytokines are somnogenic, i.e. increasingly synthesized during
the resting phase, whereas anti-inflammatory cytokines, such
as IL10, are activated upon awakening and inhibit sleep. In this
respect, IL1B3, TNFa, IFNy, IL6, IL4, and IL10 are currently the
best studied [1, 3, 4, 5]. Blood pressure control is exerted by
the following neuroendocrine mechanisms: the monoaminergic
systems that regulate the physiological activity of the
autonomous nervous system and the secretion of biogenic
amines; the hypothalamic-pituitary-adrenal and hypothalamic-
pituitary-thyroid axes; the opioid, renin-angiotensin-aldosterone
and endothelial systems, and vasoactive peptides [6, 7].
Recently, there has been growing interest in circadian rhythms
and their effect on the immune system, but in spite of significant
advances in the understanding of their mechanisms, many
circadian phenotypes are yet to be explained. A number of
experimental studies have suggested an association between
the fluctuations of cytokine levels at different times of day
and end-organ damage [8] and also a nocturnal decline in
BP [9]. Progredient essential hypertension (EH) accompanied
by stably high BP with very slight fluctuations in the evening
correlates with the levels of certain cytokines. This suggests
the existence of time-of-day-dependent immune markers that
promote cardiovascular diseases and provides rationale for our
study. This work aims to investigate the association between
the morning/evening levels of certain cytokines (interleukins,
adhesion molecules, tumor necrosis/growth factors, etc.), as
well as erythropoietin, in the peripheral blood of patients with
stage Il EH and the nocturnal BP decline registered in such
patients.

METHODS

The study was carried out at the facilities of the Regional
Vascular Center of Mordovian Republican Clinical Hospital
No.4, Mordovian Republican Clinical Hospital No.3 and the
Department of Immunology, Microbiology, and Virology of
Ogariov Mordovian State University. The study recruited
90 patients (40 men and 50 women). Fifty healthy volunteers
with no signs of EH constituted the control group. The groups
were comparable in terms of age and sex. The following
inclusion criteria were applied: age of 57.5 + 1.17 years; stage
Il EH (duration of 10 to 14 years); no antihypertensive treatment
received. Exclusion criteria included comorbidities; types |
and Il diabetes mellitus; metabolic syndrome; autoimmune
disorders; allergies; symptomatic therapy aimed to normalize
blood pressure; infections 1 month before the study; alcoholism
or drug addiction; refusal to participate in the study. Peripheral
blood samples were collected from the patients and healthy

controls at 7:00 a.m. and 20:00 p.m. The interval between blood
collection and meals was at least 6 h. The following cytokines
were assayed: IL1B, IL1a, IL1ra, IL18, IL18BP, IL37, IL6, sIL6r,
LIF, sLIFr, TNFa, sTNF-RI, IL2, IL10, TGF-B1, IL8, CX3CLT,
CXCL10, INFy, M-CSF, erythropoietin, and a few vasoactive
peptides, including NO, iNOS, eNOS, ADMA, SDMA, Nt-
proCNP, and Nt-proBNP. In 20% of patients, blood sampling
was repeated a month later to test the reproducibility of the
results. The variance was 3 to 6%. Time for blood collection
was chosen based on the literature [1, 8, 10] and our own pilot
study which we had conducted in 5 healthy individuals and
24 patients with stage Il EH with different circadian BP rhythms.
In that study, we had analyzed the levels of 6 cytokines, including
IL1a, LIF, sLIFr, M-CSF, and erythropoietin, measured at 6:00 a.m.,
8:00 a.m., 12:00 a.m., 4:00 p.m., 8:00, and midnight.

Peripheral blood concentrations of the studied cytokines
and vasoactive peptides were determined with ELISA using
the Personal Lab TM analyzer (Adaltis; Italy) at the laboratory
of the Department of Immunology (Ogariov Mordovian State
University; laboratory license 13.01.04. 0001.L.000005.06.11
issued 23.06.2011).

All study participants had their blood pressure monitored
at the Regional Vascular Center of the Mordovian Republican
Clinical Hospital 4 and Mordovian Republican Clinical Hospital
3 using Space Labs Medical 90702 (Spacelabs Medical,
Inc.; USA) according to the recommendations of the Fourth
International Consensus Conference on Ambulatory Blood
Pressure Monitoring (Belgium, 1994); the obtained blood
pressure values were added to the patients’ medical histories.
The patients were divided into 3 groups depending on the
degree of BP fluctuations at night: dippers (10-20% decline),
non-dippers (< 10% decline); night-peakers (elevated BP).

The data were processed in Statistica ver. 8.0. (StatSoft
Inc.; USA). Normality of data distribution was tested using the
one-sample Kolmogorov-Smirnoff test. If the distribution was
normal, the data were presented as an arithmetic mean (M)
and a standard deviation (SD); if the distribution deviated from
the norm, the data were presented as a median (Me) and the
interquartile range (C25-C75). Depending on the normality of
data distribution and the sample size, the two-sample t-test
and the Mann-Whitney U-test were used to compare unrelated
samples; related samples were analyzed using the paired t-test
and Wilcoxon signed rank test.

RESULTS

The patients with stage Il EH who had been suffering from
this condition for 10 to 14 years and were not receiving
antihypertensive therapy around the time of the study, had
higher morning concentrations of IL1B3, IL1a, IL18, IL18BPR, IL6,
slL6r, LIF, TNFa, sTNF-RI, IL10, TGF-1, IL8, CX3CL1, CXCL10,
INFy, M-CSF, and erythropoietin (o < 0.001) and lower morning
concentrations of IL1ra (p < 0.001) than the healthy controls
(Table 1). The following dynamics were observed in the control
group in the evening: IL1B3 levels rose by 14.1% (0.37), p < 0.05;
IL1a, by 14.8% (0.33), p < 0.05; IL6, by 29.2% (0.98), p < 0.001;
TNFa, by 12.3% (0.78), p < 0.01; sTNF-RI, by 12.6% (0.65),
p < 0.05; IL1ra dropped by 14.6% (0.32), p < 0.01; IL10, by
23% (0.58), p < 0.01, and slL6r, by 30.4% (1.54), p < 0.001.
In the patients with stage Il EH the pattern was the same as
in the controls, but the changes were more pronounced: IL13
concentrations rose by 21.3% (0.92), p < 0.001 and IL1a, by
31.2% (1.12), p < 0.001. The most significant, clinically relevant
differences registered in the group of patients with EH were
observed for LIF concentrations that increased by 16% (0.43),
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p < 0.01, and for sLIFr that demonstrated a 22% rise (0.63),
p < 0.001. In our hypertensive patients, M-CSF levels increased
by 20.2% (0.42), p < 0.001, and erythropoietin, by 36.5%
(1.22), p < 0.001, whereas IL18BP concentrations declined by
11% (0.27), p < 0.05 and IL37, by 21.7% (0.86), p < 0.001,
in contrast to the control group. The evening rise in the IL6
and TNFa concentrations was comparable between the two
groups: IL6 levels surged by 31% (1.02) and 29.2% (0.98),
p < 0.001, respectively, while TNFa levels rose by 12.3%
(0.78) and 12.2% (0.66), p < 0.01), respectively. In the healthy
volunteers, slL6r levels decreased in the evening (p < 0.001),
attenuating IL6 activity after 8 p.m. In contrast, the patients
with elevated blood pressure did not have this protective
slL6r decline. The analysis of evening IL10 concentrations
revealed a comparable decline (p < 0.01) in the levels of this
proinflammatory cytokine between the groups, which reached
17% (0.58) and 15% (0.63) in the healthy individuals and
patients with EH, respectively.

The analysis of concentrations of cytokines and vasoactive
peptides measured at different times of day yielded strong
direct correlations between the evening concentrations of IL1a
and ADMA, r = 0.76, p < 0.01 (for their diurnal levels r = 0.58,
p < 0.05); sLIFr and SDMA, r = 0.85, p < 0.001 (for their diurnal
levels r = 0.69, p < 0.05); beM-CSF and SDMA, r =0.81, p < 0.01
(for their diurnal levels r = 0.51, p < 0.05). The strength and
the direction of correlations between the levels of IL1{3, IL1ra,
IL18, IL18BP, IL37, IL6, sIL6r, LIF, TNFa, sTNF-RI, IL2, IL10,
TGF-B1, IL8, CX3CL1, CXCL10, INFy, and the concentrations
of vasoactive peptides in the blood serum measured in the
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evening did not differ from the results obtained for the samples
that were collected at 7:00 a.m.

A pronounced increase in the concentrations of the
cytokines that correlated with vasopressor factors in patients
with stage Il EH suggests that there might be a correlation
between the morning/evening levels of these cytokines and the
BP phenotypes (dipper, non-dipper and night-peaker).

The dippers, whose BP dropped by normal 10-20% at
nighttime, as well as other patients with stage Il EH, had higher
concentrations of proinflammatory cytokines. In this subgroup,
the dynamics observed for IL13, IL18, IL18BP, IL37, LIF, sLIFr,
TNFa, sTNF-RI, IL2, IL8, IL10, IFNy, CX3CL1, CXCL10, TGFp1,
and M-CSF were the same as in the healthy individuals (Table 2).
Only 6 cytokines demonstrated a different behavior: IL6 and
slL6r (a less pronounced rise in IL6 in the evening accompanied
by high and stable sIL6r concentrations); protective IL1ra and
erythropoietin that did not decline as in the healthy volunteers;
elevated evening IL1a that demonstrated a more than 20%
rise in comparison with its morning concentrations. The
analysis of the cyclic dynamics demonstrated by 21 studied
cytokines established that evening deviations from morning
concentrations by more than 20% were the most pathogenic in
terms of their contribution to the progression of hypertension. In
the dipper group, such deviations were observed only for IL1a
associated with increased ADMA in patients with stage Il EH.

The non-dippers, whose BP dropped by only 10% at the
most, demonstrated a more pronounced change in cytokine
concentrations in the evening than the healthy controls and the
dippers (Table 2). Only 9 cytokines followed a similar pattern

Table 1. Moming and evening concentrations of cytokines (pg/ml) in the serum samples of patients with stage Il EH (duration of 10 to 14 years, no antihypertensive

treatment applied)

Healthy controls (n = 50) Patients with stage Il EH (n = 90)
Cytokines 7.00 a.m. 8:00 p.m. 7.00 a.m. 8:00 p.m.
1 2 3 4
IL1B 5.2 (1.87) 5.95 (1.37)" 18.7 (5.8)*" 22.8 (6.12)*2°
IL1a 3.83(1.17) 4.37 (0.99)" 13.2 (3" 17.2 (2.93)*23
IL1ra 691 (99) 598 (96)"' 575 (108)* 582 (96.2)
IL18 197 (59) 201 (48) 371 (84)" 382 (83)
IL18BP 4934 (1173) 4903 (1122) 6710(1980)* 5970 (1783)123
IL37 90 (25.6) 88 (17.3) 92 (24.5) 71.6 (18.2)"
IL6 3.12 (0.63) 4.03 (0.69)"" 23.7 (4.2)" 27.2 (3.92)"23
slL6r 681 (52) 478 (50)! 1826 (263)* 1902 (255)*2
LIF 1.41 (0.61) 1.47 (0.54) 7.54 (2.4)" 9.08 (2.24)*23
sLIFr 3920 (1123) 4003 (1223) 4100 (1200) 5100 (1420)*2®
TNF-a 7.56 (1.83) 8.49 (1.64)71 21.4 (4)* 23.2 (3.84)*2n3
sTNF-RI 1620 (367) 1817 (367)" 2770 (670)*" 2810 (627)*2
L2 10.1 (2.12) 10.7 (1.97) 10.8 (3.11) 10.4 (2.82)
IL8 8.75 (1.82) 9.21 (2.03) 29 (7.83)" 31.2 (6.61)*
IL10 18.2 (5.7) 15.9 (4.83)7" 26.2 (7.9)" 22.3 (6.87)*"
IFNy 8.97 (2.23) 8.84 (2.14) 18.4 (4.3)" 18.7 (3.96)*
M-CSF 202 (51) 197 (47) 389 (92)" 463 (87)*%°
CX3CL1 422 (61.3) 436 (58.1) 520 (120)*! 503 (112)12
CXCL10 8.83 (1.73) 8.97 (1.24) 18.2 (4.5)" 17.9 (3.84)*
TGFB1 11.5(3.23) 10.2 (2.84) 21.4 (4.64)" 20.2 (4.24)*
Erythropoietin 3.93 (1.31) 4.27 (1.01) 12.6 (3.8)"" 17.2 (3.43)*23
Note: significance of differences: ' — < 0.05, * — < 0.01, * — < 0.001 (comparison with the specified group). The data are presented as an arithmetic mean (M) and

a standard deviation (SD).

BULLETIN OF RSMU | 1, 2019 | VESTNIKRGMU.RU



OPUT'MHAJIbHOE NCCJIEOOBAHVE | JIABOPATOPHAA OVNATHOCTUKA

of morning-to-evening changes as in the healthy controls,
including IL18, TNFa, sTNF-RI, IL2, IL8, IFNy, TGFp1, CX3CLT1,
and CXCL10. Evening deviations from morning concentrations
reaching over 20% were observed for IL1B, IL1a, IL37, LIF, sLIFr,
IL10, M-CSF, and erythropoietin and were statistically significant
between the non-dippers and the healthy controls. IL37 and
IL10, which might be protective against the progression of
EH, as suggested by the study results, demonstrated a more
pronounced evening drop in the patients with insufficiently
low nocturnal BP than in the healthy individuals. In contrast,
IL1B, IL1a, LIF, sLIFr, M-CSF, and erythropoietin concentrations
tended to grow in the evening in such patients. It should be
noted that evening and morning levels of IL1ra in the non-
dippers did not differ, whereas a significant IL1ra decline was
observed in the controls, suggesting protection against rising
IL1B and IL1a, just like in the dippers.

In the night-peakers with elevated nocturnal BP, the daily
dynamics of IL1ra, IL18, TNFa, sTNF-RI, IL2, IL8, CX3CLT1,
CXCL10, and TGFB1 were similar to those observed in
the controls (Table 2). Evening deviations from morning
concentrations reaching over 20% were noticed for IL1[3,
IL1a, IL37, LIF, sLIFr, M-CSF, neopterin, and erythropoietin and
were statistically significant between the night-peakers and
the healthy controls. IL37, which could be relatively protective
against the progression of hypertension in patients with
elevated BP, exhibited a more pronounced evening decline as
compared to the controls, whereas for IL1B3, IL1a, LIF, sLIFr,
M-CSF, neopterin and erythropoietin, a more pronounced rise

was observed. It should be noted that in the night-peakers, IL10
concentrations did not differ between morning and evening,
although they did go down in the healthy controls; this tendency
might be protective against the rising levels of proinflammatory
cytokines. In our study, the cytokine synthesis pattern was
similar in the night-peakers and the non-dippers, differing only
in the behavior of IL1ra. The evening concentrations of this
cytokine dropped significantly in the night-peakers; however,
proinflammatory IL10 did not drop at all, which was not the
case with the non-dippers. This makes the night-peaker and
non-dipper groups somewhat equivalent in terms of protection
against EH progression. In the night-peakers, the evening levels
of IL1a, M-CSF and erythropoietin increased more than in the
non-dippers (> 35% at 8:00 p.m.), but the overall pattern of
their dynamics was the same.

DISCUSSION

Cytokines, including IL1(3, TNFa, IFNy, IL6, IL4, and IL10, affect
the biological activity of neurotransmitters/neuromodulators
and exert a direct effect on neurons in some areas of the
brain, regulating the sleep cycle, which remains the most well-
studied circadian rhythm [2]. This means that these cytokines
are involved in the processes indirectly related to the sleep/
wake cycle, including blood pressure fluctuations. We have
found that the daily dynamics of cytokine concentrations is
abnormal in patients with stage Il EH (duration of 10 to 14 years)
in comparison with healthy controls: concentrations of somnogenic

Table 2. The relationships between morning and evening concentrations of cytokines (pg/ml) in the serum samples of patients with stage Il EH (duration of 10 to

14 years, no antihypertensive treatment applied) AND the blood pressure phenotype

«Dipper» (n = 36) «Non-dipper» (n = 30) «Night-peaker» (n = 24)
Cytokines 7.00 a.m. 8:00 p.m 7.00 a.m. 8:00 p.m 7.00 a.m. 8:00 p.m
1 2 3 4 5 6
IL1B 16.3 [3.24-25.1] 18.7 [10.3-29.4]M" 16.8 [3.32-26.4] 22.3 [15.6-32.8]"%* 22.4[10.4-32.2]".2 29.4 [18.9-36.3]*2514
IL1a 12.5[5.72-17.3] 15.2 [10.4-21.3]" 12.8 [6.23-17.9] 17.3 [13.8-23.1]72* 16.2 [10.1-20.2]"1.3 23.7 [17.2-24.8]254
IL1ra 570 [493-670] 591 [517-691] 567 [488-691] 586 [504-652] 589 [468-702] 514 [387-601] '245
IL18 370 [311-432] 400 [322-465] 362 [291-421] 407 [319-467] 389 [298-444] 397 [263-450]
IL18BP 6740 [5370-8457] | 5990[4700-7100]"" 6940 [5128-8620] 6103[4620-7130]" 6630 [4970-8520] 5930 [4550-7310]"°
IL37 87.5[70.2-110] 82.3 [569.3-109] 90.1 [67.5-106] 60.4 [32.2-83.3]*2.2 85.4 [68.7-114] 62.5 [33.4-80.9]%°
IL6 23.9[20.8-26.7] 27.2 [24.5-29.9]"1 24.3 [20-26.9] 27.7 [24 -29.3]"° 23.7 [21.2-26.5] 26.8 [24.8-30]"°
slL6r 1826 [1648-2003] 1902 [1730-2073] 1793 [1615-2121] 1837 [1710-2113] 1804 [1583-2107] 1924 [1698-2107]
LIF 8.07 [4.68-10.3] 8.56 [6.86-9.93] 7.09 [4.92-9.12] 10.8 [9.92-12.1]72* 8.32 [5.13-9.3] 11.3 [8.43-12.9]*2°
sLIFr 4140 [3120-4820] | 4320 [3270-5240] 4060 [3230-4770] 5930 [4600-7720]*2.° 3980 [3040-4910] 6030 [4580-7810]*%°
TNF-a 21.2[18.3-24] 23.6 [20.9-26.1]"1 20.7 [18.9-23.5] 23.1[20.2-25.7]"3 20.9 [17.9-24.3] 23.9 [21.6-26.7]"°
sTNF-RI 2790 [2320-3220] | 3030 [2607-3450]" 2810 [2280-3110] 3110 [2406-3640]"® 2720 [2120-3310] 3090 [2540-3620]"°
IL2 10.6 [8.92-12.9] 10.4 [8.5-12.2] 10.9 [8.83-12.4] 11.1 [8.69-12.5] 10[8.63-11.7] 10.4 [8.57-12.1]
L8 29.1[23.7-34.3] 31.2 [26.8-35.6] 30.4 [23.9-34.8] 32.4 [27.7-36.2] 29.8 [22.9-33.8] 30.9 [25.9-35.3]
IL10 26.2 [20.9-31.5] 22.3 [17.7-27]" 27.8 [19.7-32.6] 21.6 [16.9-26.3]' 25.7 [19.1-30.3] 23.5 [18.5-28.1]
IFNy 18.4 [15.5-21.3] 19.3 [16-21.8] 18.9 [16.7-22.3] 20.2 [17.3-22.4] 17.9 [14.7-21.8] 21.1 [17.4-24.3]'25
M-CSF 371 [320-448] 402 [345-484]" 378 [314-452] 451 [391-540]12*3 394 [322-440] 517 [410-614]245
CX3CL1 520 [439-607] 5083 [427-579] 553 [455-647] 544 [409-597] 546 [461-639] 519 [447-602]
CXCL10 18.6 [15.2-21.3] 17.7 [15.1-20.5] 19.5[16.3-22.1] 18.2 [15.8-21.3] 17.9 [14.7-21.9] 18.9[15.4-21.3]
TGFBA1 21.4[18.3-24.9] 20.3[17.2-23.1] 22.1[18.1-24.3] 19.7 [16.8-22.9] 20.9[17.9-24.5] 20.6 [17.7-23.3]
Erythropoietin 15.5[10.2-20.3] 15.7 [9.62-19.9] 12.5[9.12-15.6]" 17.2 [12.9-22.3]1%3 12.7 [7.8-16.9]7" 20.3[16.2-24.7]*25/4

Note: significance of differences: ' — < 0.05, * — < 0.01, *— < 0.001 (comparison with the specified group); 1 — 7:00 a.m., dippers, 2 — 8:00 p.m, dippers, 3 — 7:00 a.m.,
non-dippers, 4 — 8:00 p.m., non-dippers, 5 — 7:00 a.m., night-peakers, 6 — 8:00 p.m, night-peakers. The data are presented as a median (Me) and an interquartile
range [C25-C75].
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IL1B8 and IL1a and a few other cytokines whose circadian
dynamics remain understudied (LIF, sLIFr and M-CSF)
significantly increase in the evening in hypertensive patients.
In healthy individuals, evening concentrations of LIF, sLIFr, and
M-CSF undergo a less pronounced rise (<10%), whereas IL1a
and erythropoietin increase by 10-15%. Importantly, patients
with stage Il EH (duration of 10-14 years, no antihypertensive
therapy) demonstrate a more than 20% increase in the evening
levels of IL1a, LIF, sLIFr, M-CSF, and erythropoietin. Such high
values correlate with a rise in the concentrations of vasopressor
peptides, in particular with ADMA and SDMA. ADMA
competes with L-arginine for binding to eNOS [11]. SDMA is a
structural ADMA isomer that has a role in arginine binding to a
transmembrane transporter by limiting its availability to eNOS
and curbing the subsequent synthesis of NO [12]. A substantial
increase in the evening levels of the mentioned cytokines
contributes to EH progression, which has been confirmed in
a number of recent experimental studies. IL1a has a direct
stimulating effect on the proliferation of vascular smooth
muscle cells, activates fibrosis and enhances the expression of
angiotensin Il and endothelin | receptor mMRNA on the surface of
the smooth muscle cells of the vascular wall [13]. Previously, we
reported that IL1a caused a secondary increase in LIF levels in
the blood of patients with EH [14], which can stimulate the LIF-
mediated influx of Ca?* and ERB-dependent activation of MAPK
[15]. Growing concentrations of M-CSF inhibit eNOS activity
[16] and suppress the mRNA expression of its own receptor
IL34 (PTP-¢) [17]. These findings are consistent with our
experimental data. A decline in IL34 concentrations occurring in
the background of rising M-CSF [18] inhibits its protective effect
on the brain. Together, these processes can cause vasodilation
and increase the sensitivity of blood vessels to vasopressors.
They unfold in the background of declining IL37 concentrations
(the cytokine has a protective effect in patients with EH) and
stable IL10 levels and are more pronounced in individuals with
a pathological daily BP cycle (non-dippers and night-peakers).

In the dippers whose BP dropped at nighttime by over
10%, the studied cytokines, including IL1B, IL18, IL18BPR,
IL37, LIF, sLIFr, TNFa, sTNF-RI, IL2, IL8, IL10, IFNy, CX3CL1,
CXCL10, TGFB1, and M-CSF, followed the same pattern as
in healthy individuals: except for IL6/sIL6r and erythropoietin,
all these cytokines underwent a less than 15% drop in the
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