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Abstract. The levels of plasma interleukin 6 and its soluble receptors were found to be elevated in subjects with cardio-
vascular diseases, which points to amplification of the IL-6-mediated trans-signaling pathway in cells and the development
of chronic inflammation. The allelic variation in the rs2228145 IL6R gene is associated with a change in the contents of the
soluble and membrane-bound receptor forms mediating the biological activity of IL-6. Cytokine IL-6 is involved in the de-
velopment of endothelial dysfunction by regulating the expression of the VCAM1 and ICAM1 genes, encoding intercellular
adhesion molecules. Prior to this work, no data on the association of essential arterial hypertension (EAH) with rs2228145
allelic variations of the IL6R gene have been reported. The aim of our work was to study the relationship of the carriership of
rs2228145 (A > C) allelic variations with the development of EAH and the VCAM1 and ICAM1 transcript levels. We analyzed
samples of DNA isolated from the whole blood of 148 healthy donors and 152 patients with EAH (stages I-Il). The genotyp-
ing was performed by PCR-RFLP. The level of transcripts in peripheral blood leukocytes (PBL) was assessed by real-time
PCR. Differences in the frequency distributions of rs2228145 (A > C) genotypes between the control group and the group
of patients with EAH (3% = 9.303) were found. The frequency of the CC genotype in EAH patients was higher than in healthy
people (0.191 and 0.095, respectively). The risk of EAH (I-1l stages) development was shown to be 2.3 times higher in CC
genotype carriers as compared to individuals with other genotypes (OR = 2.257, 95 % confidence interval 1.100-4.468).
The levels of VCAM1 and ICAM1 gene transcripts in PBL of patients with EAH were significantly higher than in healthy
people. The level of ICAMT gene transcripts was almost 4 times higher in patients with CC genotype. The Kruskal-Wallis
analysis of variance revealed an effect of rs2228145 (A > C) genotype on the transcriptional activity of ICAM1, which argues
for its role in the pathogenesis of endothelial dysfunction and essential hypertension.
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CBsI3b HOCUTE/IbCTBA aJ/IJIeJIbHBIX Bapuanuii 1o rs2228145 (A > C)
reHa IL6R c ypoBHeM TPaHCKPUIITOB reHOB VCAM1 u ICAM1
IIPY 3CCEeHILIMa/IbHO apTepmaabHO r'mIiepTeH3nn
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AHHoTayus. Mpu cepaeyHo-cocyaucTbix 3ab0N1eBaHMAX B Na3mMe KPOBY HabnoLaeTcs NOBbIWEHNE COAEPKAHUS UHTEP-
nerikrHa 6 1 ero pacTBOPMMbIX PeLLenTopoB, YTO yKa3biBaeT Ha ycuneHue |L-6/sIL-6R curHana B knetkax n passuTne Xpo-
HNYeCKoro BocnaneHusa. HocmtenbCTBO annenbHbix Bapurauum no rs2228145 reHa IL6R accoummpoBaHO C M3MEHeHMeM Co-
LepaHna pacTBOPUMON 1 MembpaHOCBA3aHHON GOpPM peLienTopa, onocpeayLnx OMONOrNYeCcKyto akTBHOCTb CaMOro
LMTOKUHA. IL-6 yyacTByeT B pa3BUTUM SHLOTENNANBHON AUCPYHKLMN NOCPEACTBOM perynaumnm skcnpeccmum reHos VCAMT
n ICAM1, KopupyoLwmx MOneKysbl MeXKNeTouHol agresum. [lo HacToswen paboTbl faHHble 06 accoumalmn 3cceHumnanb-
HOW apTepuanbHon runepTeH3un (SAT) ¢ annenbHbIMM Bapraumnamm no rs2228145 rena IL6R He 6binv npeacTtaBneHbl. Lienb
NCCNefoBaHnA — N3y4nTb CBA3b HOCUTENbCTBA aefbHbIX Bapuauun no rs2228145 (A > C) ¢ passutuem Al 1 ypoBHem
TpaHckpunToB reHoB VCAMT, ICAM1. ins 3TOro Hamm Ucnosb3oBaHbl 06pasubl AHK, BbigeneHHoM 13 LenbHON KPOBU 340-
poBbIx fOHOPOB (148) 1 nauneHTos ¢ AT (I-Il ctagun) (152). TeHoTMnupoBaHue nposogunu metogom MUP-NMAP®. YposeHb
TPaHCKPUNTOB B NeKoLnTax nepudepryeckon KpoBu oLeHnBany ¢ nomouybto MLUP B pexxnme peanbHoro Bpemerun. O6Ha-
Py>eHbl pa3nnuna B pacrnpefeneHnmn 4actoT reHoTunoB no rs2228145 (A > C) B KOHTPONIbHOM rpynne 1 rpynne nauneHTos
€ AT (> = 9.303). YactoTa renoTtuna CC B rpynne 60nbHbIX N0AEl OKa3anach Bbille, 4em B rpynne 3A0poBbix (0.191 1 0.095
COOTBETCTBEHHO). BoiABNeHo, uto y Hocutenein reHotuna CC puck passutua AT (I-1l ctagnn) B 2.3 pasa Bbiwe (OLL = 2.257,
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CBA3b annenbHbIX Bapuauuii reHa IL6R ¢ ypoBHem
TpaHckpunToB reHoB VCAMT n ICAMT npwu DAT

95 % poBepuTenbHbl nHTepBan 1.100-4.468), ueM y nuL, MEIOLLMX anbTepPHATUBHbIE FTEHOTUMbI. YPOBEHb TPAHCKPUNTOB
reHoB VCAM1, ICAM1 3HauMo BbliLe B lefikouuTax nepudepryeckon Kposu 6onbHbIx DAT, uem 3gopoBbix ntogei. Coaep-
»KaHue TpaHCcKpunToB reHa ICAMT oka3anocb B 4 pa3a Bbiwe y 60nbHbix AT ¢ reHoTnom CC. C NOMOLL b0 ANCMEPCUOHHO-
ro aHanusa Kpyckena-Yonnvca onpegeneHo BANAHNE Ha TPAaHCKPUMLUOHHYIO aKTUBHOCTb YKa3aHHOroO reHa reHoTuna no
rs2228145 (A > C), 4TO rOBOPUT O €ro Ponu B NatoreHese 3HAOTENNANbHON ANCHYHKLNN 1 SCCEHLMANbHON apTepranbHON

rmnepTeHsnn.

KnioueBble cnoBa: HTepneikuH 6; reH IL6R; 3cceHUManbHas apTepuanbHasn rmnepTeH3uns; SHAOTeNanbHaa AUCPYHKLUA.

Introduction

Essential arterial hypertension (EAH) is characterized by con-
stantly elevated systolic and diastolic blood pressure (above
140/90 mm Hg). It is accompanied by chronic low-grade
systemic inflammation with an increase in proinflammatory
proteins in blood plasma and vascular tissues (Bautista et al.,
2005). Among them, IL-6 makes a significant contribution to
the pathogenesis of this disease. It can stimulate the production
of acute-phase proteins and enhance the adhesive potential
of vascular endothelial cells and transendothelial leukocyte
migration (Virdis et al., 2014). The high IL-6 level causes an
increase in the production of reactive oxygen species and alters
the levels of atherogenic and antiatherogenic lipid fractions and
their oxidized forms in plasma, thereby contributing to athero-
genesis. This cytokine, along with other proinflammatory pro-
teins, contributes to a decrease in the endothelial nitric oxide
synthase activity, which leads to a decrease in the production
of nitric oxide by vascular endothelium and disturbs the vaso-
motor functions of the cardiovascular system (Didion, 2017).

Interleukin 6 exerts its biologic effects through interaction
with either transmembrane receptor mbIL-6R or soluble re-
ceptor sIL-6R, which are associated with another component
of the receptor complex, glycoprotein 130 (GP130) (Wolf et
al., 2014). The pathway for the signal from the ligand to cell
via interaction with mbIL-6R is considered classical, and
it is present only in a limited number of cell types, e.g. in
hepatocytes, macrophages, neutrophils, and T lymphocytes.
The signal transduction via sIL-6R is implemented in all
types of cells and is called the trans-signaling pathway. The
concentration of sIL-6R in plasma and tissues undergoing
inflammation increases due to enhanced proteolytic cleavage
of the membrane-bound form of the receptor by ADAM me-
talloproteases, while the ratio between mbIL-6R and sIL-6R
changes (Wolf et al., 2014).

Some mutations in the /L6R gene also affect the balance
of membrane-bound and soluble forms of the IL-6 receptor
(Rafig etal., 2007; Ferreira et al., 2013). In particular, a single
nucleotide substitution (A > C) in exon 9 of the /L6R gene
(rs2228145) leads to the replacement of alanine for asparagine
at position 358 of the amino acid sequence of the protein and
affects the ectodomain shedding process by modifying the site
of polypeptide chain cleavage by ADAM10 and ADAM17
proteases and by the formation of different mRNA splice
forms of this gene (Galicia et al., 2004; Rafiq et al., 2007;
Ferreiraetal., 2013). In C allele carriers, sIL-6R concentration
is higher than in A carriers (Galicia et al., 2004; Rafiq et al.,
2007; Ferreira et al., 2013). It has been shown that carriers of
the C allele of rs2228145 are at lower risk of coronary heart
disease development (The Interleukin 6 receptor..., 2012).
However, no information on the relationship between the car-
rier status of allelic variations in the indicated polymorphic

variant and the development of arterial hypertension has been
reported hitherto.

IL-6 contributes to stable hypertension by affecting vas-
cular remodeling and endothelial function (Didion, 2017).
The IL-6/sIL-6R complex is involved in controlling vascular
permeability. By acting on fibroblasts and inducing the produc-
tion of vascular endothelial growth factor (VEGF), IL-6 can
activate endothelial cells (Nakahara et al., 2003). These cells,
activated by intercellular adhesion molecules, bind leukocytes
from the bloodstream, and their transendothelial migration
increases (Cook-Mills et al., 2011). Moreover, infiltration of
monocytes with proinflammatory properties (Wenzel et al.,
2011) is essential for the development of arterial hypertension
and impaired vascular function. Once in the vascular intima,
monocytes differentiate into macrophages with the proinflam-
matory M1 or antiinflammatory M2 phenotypes, depending on
the microenvironment (i. e. concentrations of chemokines and
cytokines). Polarization of macrophages to the M1 phenotype
promotes atherosclerotic processes in the walls of blood ves-
sels, which, in turn, plays an important role in establishing
high blood pressure (Moss, Ramji, 2016). These processes
are associated with endothelial dysfunction development,
and higher levels of intercellular adhesion molecules on the
surface of endothelial cells and in plasma are a marker of this
process (Sprague, Khalil, 2009).

Plasma IL-6 levels are shown to positively correlate with
E-selectin, vascular cell adhesion molecule-1 (VCAM-1), and
intercellular adhesion-1 molecule (ICAM-1) on the surface of
endothelial cells (Weiss et al., 2013). Under normal physio-
logical conditions, vascular endothelium does not interfere
with immune cell circulation in the bloodstream. This process
is impaired by inflammation. Leukocytes begin to interact
with endothelial cells, and this interaction ultimately leads to
their tight adhesion to the endothelium surface, infiltration,
and accumulation in vascular intima. The step of leukocyte
attachment to the endothelium surface is characterized by
interaction of integrins with ICAM-1 and VCAM-1, which
are members of the immunoglobulin superfamily (Weiss et
al., 2013). This process is activated when plasma levels of
cytokines, reactive oxygen species, and oxidized low-density
lipoproteins increase or when blood flow grows (Weiss et al.,
2013).

As already noted, rs2228145 affects the level and biological
activity of interleukin 6 (Rafiq et al., 2007) which acts as one
of the factors enhancing transcription of /[CAM 1 and VCAM1
intercellular adhesion genes (Cook-Mills et al., 2011). IL-6
induces the expression of genes for intercellular adhesion
molecules through activation of the IL-6/STAT3 (Signal Trans-
ducers and Activators of Transcription3) signaling pathway
(Wei et al., 2018). In addition, the IL-6/sIL-6 complex trig-
gers a signal for degradation of the nuclear factor kappa B
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inhibitor/nuclear factor kappa B (IkBa/NF-«kB) complex
through JAK3 kinase, upregulating genes for proinflammatory
cytokines and intercellular adhesion molecules. Thus, modula-
tion of the activity of IL-6 by increasing the level of soluble
receptors can affect significantly the expression of intercellular
adhesion molecules and the strength of the immune response
to inflammatory stimuli. In this regard, the aim of our work
was to study the relationship of the carriership of allelic varia-
tions in rs2228145 with the development of essential arterial
hypertension (types I and II) and the transcript levels of the
VCAMI and ICAM1 genes.

Materials and methods
We genotyped 152 samples of DNA isolated from venous
blood of patients with EAH stages I or II (80 men and
72 women) and 148 samples of DNA isolated from blood of
healthy donors (65 men and 83 women). The material for the
study was obtained with the assistance of the Department of
Theoretical Therapy, Phthisiology, Infectious Diseases, and
Epidemiology of the Medical Institute of the Petrozavodsk
State University and the Clinical Diagnostic Laboratory of
the Emergency Hospital, Petrozavodsk. The diagnosis of
EAH was made based on the clinical recommendations of the
Russian Society of Cardiology (Diagnosis and treatment...,
2010). The average age of donors from the control group
was 42.5+10.6 years; patients with EAH, 45.7+13.1 years.
The entry criteria for donors of the studied groups were as
follows: the presence of informed consent, the residence in
the Republic of Karelia. The general criteria for withdrawal
of donors of the studied groups: the cases of infectious and
inflammatory diseases in the previous month, pregnancy and
lactation, smoking, diabetes, and body mass index >30 kg/m?.
DNA was isolated from peripheral blood on microcolumns
using the K-Sorb kit (Synthol, Russia). The quality and
quantity of DNA were assessed using a SmartSpec spectro-
photometer (Bio-Rad, USA). Genotyping was performed
by PCR-RFLP. The conditions for PCR-RFLP analysis are
described in Table 1. The primers were synthesized at Syntol,
Russia. The primers were designed with the use of Beacon
Designer 5.0 software. After digestion (Hinf'1 (1 u), 37 °C,
3 hours), DNA fragments were separated in a 1.5 % agarose
gel using TAE buffer. In some donors selected at random, the

Table 1. Primers for PCR-RFLP analysis and real-time PCR

Gene, SNV Primer sequences 5'...3’
IL6R rs2228145 F: CCTCTTTGTGCCTTGTG
R: ATGGATTACCTCTTCGTGTC
GAPDH F: GAAGGTGAAGGTCGGAGTC
R: GAAGATGGTGATGGGATTTC
185 rRNA F: AGAAACGGCTACCACATCCA
R: CACCAGACTTGCCCTCCA
ICAM1 F: AGAGGTCTCAGAAGGGACCG
R: GGGCCATACAGGACACGAAG
VCAM1 F: ATGCCTGGGAAGATGGTCG

R: GACGGAGTCACCAATCTGAGC

The relationship of allelic variations of IL6R gene
with the level of VCAM1, ICAM1 gene transcripts

levels of /ICAM1 and VCAM]I gene transcripts in peripheral
blood leukocytes (PBL) were determined. To this end, venous
blood samples were collected prior to prescription of anti-
hypertensive and anti-inflammatory drugs to patients.

Levels of ICAMI and VCAMI gene transcripts were
measured in 36 blood samples of EAH patients (stages I-1I)
aged 42.42+2.3 years and 40 blood samples of control group
donors aged 39.82+3.9 years. Total RNA was isolated from
PBL using the Extract RNA kit (Evrogen, Russia). The
amount of total RN A was determined by use of SmartSpecPlus
spectrophotometer (Bio-Rad, USA). Total RNA was treated
with DNase (1 u) (SibEnzyme, Russia). The MMLV RT kit
(Evrogen, Russia) was used for the first DNA chain synthesis.
The quantity and quality of the isolated cDNA were analyzed
spectrophotometrically using SmartSpecPlus (Bio-Rad, USA).
The levels of ICAM1 and VCAM1 gene expression were evalu-
ated by real-time PCR performed in an iCycler iQ5 (Bio-Rad,
USA) using a Screen-Mix SYBRGreen kit (Evrogen, Russia).
The GAPDH and 18S rRNA genes were used as reference ones.
The primer sequences are shown in Table 1. The specificity
of amplification products was checked by melting PCR frag-
ments. PCR efficiency (98 %) was evaluated with a standard
curve. The levels of gene transcripts were calculated by AACt
(Livak, Schmittgen, 2001). Each PCR experiment was per-
formed in at least three replications.

The study was approved by the Medical Ethics Commit-
tee of the Ministry of Health and Social Development of the
Republic of Karelia and the Petrozavodsk State University.
Statistical evaluation of the data was carried out with Stat-
graphics 2.1 software. The significance of differences in allele
and genotype frequencies between the groups was evaluated
by the %2 test. Deviations of biochemical parameters from the
normal distribution were found (the Kolmogorov—Smirnov
test was used, p < 0.05); therefore, the nonparametric Mann—
Whitney U-test was applied to analyze the significance of
differences in these indicators between the groups. The effect
of genotypes on the level of transcripts was assessed with the
Kruskal-Wallis test. To assess the risk of EAH development,
the odds ratio (OR) was calculated with 95 % confidence in-
terval (95 % CI) (Fletcher et al., 1998). Transcript levels are
presented as mean values+ SEM. Differences were considered
significant at p < 0.05.

Alleles, fragment lengths, bp Source

A -331,239,66,74 Own design
C-570, 66,74

226

169 Pinto et al., 2010
228 Rajan et al.,, 2008
129
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Results

We identified the following genotypes of the /L6R gene (rs2228145) in the groups:
AA, AC, and CC (Fig. 1).

The genotypic data were tested for correspondence to the Hardy—Weinberg
equilibrium. There was no deviation of genotype frequencies from the Hardy—Wein-
berg equilibrium in the healthy people group (32 = 1.96, df = 2, p = 0.376). In the
EAH group, genotype frequencies deviated from the Hardy—Weinberg equilibrium
(*=7.02,df=2,p=0.093).

The distributions of rs2228145 (A > C) alleles in patients with hypertension and
in the control group did not differ (Table 2). The frequencies of genotypes in the
studied groups were different. The frequency of the CC genotype for the rs2228145
marker of the /L6R gene in patients with EAH was significantly higher than in the
control group.

According to the odds ratio, individuals with the CC genotype for rs2228145
have a 2.2-fold higher risk of EAH development than the carriers of other geno-
types (Table 3).

It was found that patients with EAH had higher levels of gene expression of
adhesion molecules VCAMI and ICAM1 in PBL (p = 0.005 and p = 0.0006, re-
spectively) compared to donors from the control group.

The VCAMI mRNA levels in PBL of individuals with the rs2228145 geno-
types AA and AC+CC of the /L6R gene differed insignificantly in either controls
or the group of patients with EAH (p =0.292 and p =0.0710, respectively) (Fig. 2).
We found differences in /CAMI gene mRNA levels in patients with EAH with
different rs2228145 allelic variations of the /L6R gene (see Fig. 2). In individu-
als with C allele, the level of ICAM1 gene transcripts was four times higher than
in individuals with alternative variants for the polymorphic marker in question.
An effect of 152228145 genotype on the /[CAM1 gene mRNA levels was revealed
(H=4.74, p = 0.029, respectively).

Discussion

We have found an association between rs2228145 allelic variations of the /L6R gene
and EAH development in humans. Carriers of the CC genotype for this marker are
characterized by 2.3-fold higher risk of EAH. Interestingly, it has been reported
that the C allele is protective against the development of coronary heart disease

CcC

AA AC

Fig. 1. Electrophoretic image of PCR fragments
of the IL6R gene in 1.5 % agarose gel after
treatment with Hinf | restriction endonuclease.
Allele A corresponds to DNA fragments of 331
and 239 bp; allele C, 570 bp.

and rheumatoid arthritis (Jiang et al.,
2010; Sarwar et al., 2012; Ferreira et al.,
2013). This fact can be explained by a
decrease in mbIL-6R expression on the
surface of T lymphocytes and mono-
cytes, leading to a weakening of the
classical IL-6 signaling pathway, as ap-
parent from the depletion of phospho-
rylated forms of transcription factors
STAT1 (Signal Transducers and Acti-
vators of Transcriptionl) and STAT3
in these cells (Ferreira et al., 2013).
The pathogenetic effect of the C allele
for the discussed polymorphic marker
on EAH progress may be due to the
fact that its presence results in a higher
level of soluble IL-6 receptors in plasma
(Galicia et al., 2004; Rafiq et al., 2007;

Table 2. Alleles and genotypes distribution for A > C rs2228145 polymorphic marker of IL6R gene

in patients with EAH (stages I-1l) and in the control group

Alleles and genotypes Control group (n = 148) EAH patients (n = 152) e

A 191 (0.646)* 190 (0.625) 0.266
............................................................................................................................................................................................. (df=1,p > 0.05)

C 105 (0.354) 114 (0.375)

AA 57 (0.385) 67 (0.441) 9.303
............................................................................................................................................................................................. (df =2, p <0.01)

AC 77 (0.520) 56 (0.368)

CcC 14 (0.095) 29(0.191)

*The frequencies are indicated in parentheses.

Table 3. Dominant and recessive models of rs2228145 (A > C) genotype distributions of the IL6R gene

Models Genotypes EAH (n=152) Control (n =148) ¥2 OR (95 % Cl)
Dominant . Mmoo o s 0958,p=0328  0795(0501-1260)
AC+CC .......................... 8 5 ................................... 9 1 .................................
Recessve . ActAA s 34 5651,p=0018  2257(1100-4468)
CC .................................. 2 9 ................................... 14 ................................
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Fig. 2. The levels of VCAMT and ICAM1 gene transcripts in PBL of the
healthy people and the patients with EAH depending on rs2228145
allelic variations of the IL6R gene.

*The differences are significant when compared with carriers of genotype AA
(p=0.021).

Ferreira et al., 2013) and secures more stable IL-6 signaling.
Approximately 70 % of secreted IL-6 is known to bind to
sIL-6R in blood (Gaillard et al., 1999). Thus, sIL-6R acts as
a carrier molecule for IL-6. In vascular endothelial cells this
cytokine exerts its effects through the IL-6/sIL-6R signaling
pathway. The level of sIL-6R in plasma increases in patients
with cardiovascular diseases (Sarwar et al., 2012). In turn,
this can lead to additional activation of signaling pathways
transducing the inflammatory signal in endothelial cells in
individuals with the AC and CC genotypes for rs2228145. It is
known that the IL-6/sILR-6 complex activates p65 NF-kB and
STAT3 transcription factors and contributes to the increase in
mRNA levels of the /L6, GP130, and STAT3 genes (Kim et
al., 2011), thereby enhancing local and systemic inflamma-
tory responses.

Proinflammatory cytokines, such as TNFa and IL-6, en-
hance the transcriptional activity of adhesion molecule genes
(VCAM1I and ICAM1) (Sprague, Khalil, 2009). The transmis-
sion of the TNFa and IL-6 signals to the nuclear apparatus of
cells is initiated through the regulation of NADPH oxidase 2
activity and the production of reactive oxygen species (Cook-
Mills et al., 2011; Wang et al., 2016). An increase in the con-
tent of ICAM-1, VCAM-1, and E-selectin on the surface of
endothelial cells and in plasma is associated with the risk of
coronary heart disease (Belokopytova et al., 2013), athero-
sclerosis (Galkina, Ley, 2007), and pulmonary hypertension
(Kato et al., 2005). Therefore, the modulation of interleu-
kin 6 activity by changing the ratio of membrane-bound and
soluble forms of its receptors, determined by mutations that
affect ectodomain shedding, may affect the expression level
of intercellular adhesion molecules significantly. Indeed, we
found that the rs2228145 genotype affects the transcriptional
activity of the /JCAM1 gene in peripheral blood leukocytes.
The data obtained may indirectly point to alteration of /CAM 1
transcriptional activity in endothelial cells and, highly likely,
to the development of endothelial dysfunction. Thus, the pres-
ence of the C allele for the rs2228145 marker of the /L6R gene

100

The relationship of allelic variations of IL6R gene
with the level of VCAM1, ICAM1 gene transcripts

may be responsible for the high level of ICAM1 mRNA in EAH
patients, which is likely to contribute to the pathogenesis of
endothelial dysfunction and EAH development.
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