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 ABSTRACT

Introduction. Rheumatoid arthritis (RA) is a mul-
tifactorial disease with genetic factors involvement. 
Objective: to evaluate the alleles and genotypes fre-
quency of eNOS gene T-786C polymorphism (rs 
2070744) in patients with RA and their association 
with RA severity and cytokine profile changes. 
Methods. The eNOS T-786C gene polymorphism was 
analysed by polymerase chain reaction in 60 patients 
with RA and 20 healthy individuals. The cytokines 
level (interleukins -6, -10, -12, and -18) in pg/ml was 
detected in blood plasma by Immuno-enzyme method. 
Results. Wild T-allele dominates over mutant C-allele 
in the population by 30% (P<0.001). Relative frequency 
of patients with a high IL-12, IL-6 level production and 
decreased IL-10 production prevails among the TT- and 
TC-genotypes carriers (P<0.05). Plasma concentrations 
of pro-inflammatory cytokines (IL-12, IL-18, IL- 6) in 
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RÉSUMÉ

Les modifications en chaîne des cytokines chez les 
patients atteints d’arthrite rhumatoïde par rapport 
au polymorphisme du gène eNOST-786C

Introduction. L’arthrite rhumatoïde (AR) est une pa-
thologie multifactorielle impliquant des facteurs géné-
tiques. L’objectif de notre étude est d’évaluer les allèles 
et les génotypes des fréquences du polymorphisme du 
gène eNOS T-786C (rs 2070744) chez les patients at-
teints de AR et leur association avec la gravité de l’AR 
et les changements de profil de cytokine. 
Méthodes. Le polymorphisme du gène eNOS T-786C 
a été analysé par la réaction en chaîne par polymérase 
chez 60 patients atteints de AR et 20 sujets en bonne 
santé. Le niveau des cytokines (interleukines -6, -10, -12 
et -18) en pg/ml est détecté dans le plasma sanguin par 
la méthode Immuno-enzymatique. 
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INTRODUCTION

Rheumatoid arthritis (RA) is one of the most 
important medical and socio-economic problems of 
modern society. Mortality rate of patients with RA 
is two times greater than in general population1-3. 
This rate becomes worse from one year to another. 
Treatment of RA patients requires considerable ex-
penses that are substantially higher than for treat-
ment of most  of chronic diseases, including onco-
logical ones1-3. Therefore, studies that investigate RA 
etiopathogenetic mechanisms and risk factors, includ-
ing hereditary and genetic ones, will allow to improve 
the prognosis of this pathology, its early diagnosis, 
and to examine therapeutical efficacy depending on 
genetic and pathogenetic predictors. In addition, RA 

is a chronic progressing irreversible disease with early 
clinical signs of synovitis, which  indicates not only 
local but also persistent systemic inflammation in the 
body4,5. Therefore, it is very important to study the 
immunologic mechanisms of RA, considering genetic 
backgrounds of the disease. The systemic inflamma-
tory changes lead to endothelial dysfunction in pa-
tients with RA, atherosclerosis and secondary lesions 
of the cardio-vascular system6. Nitric oxide (NO) is a 
key physiological compound synthesized by the vas-
cular endothelium. Endothelial NO-synthase enzyme 
(eNOS, NOS3) is a regulator of NO synthesis. In ad-
dition, NO acts as a long-term homeostatic factor 
through the inhibition of expression of pro-inflam-
matory genes in the endothelial cells and cytokines 
(IL-1, IL-2, IL-6, IL-8, IL-11, IL-12, IL-18, ФНП-, 

RA patients were 1.96-4.63 times higher than in the 
control group (P≤0.049), and anti-inflammatory IL-10 
was lower  1.68-2.73 times (P≤0.01). Moreover, the IL-
12 and IL-6 plasma content in CC-genotype carriers 
was higher than in the TT- and TC-genotypes carriers 
(P<0.05). Immune response imbalance in RA patients 
is characterized by cellular Th1 immunity activation 
and insufficient activity of humoral Th2  stipulated 
by an excessive production of IL-12, IL-18 and IL-6 in 
CC-genotype carriers and lower content of anti-inflam-
matory IL-10 in C-allele carriers of eNOS gene, that 
indicates a presence of acute inflammatory process, 
high activity of non-specific anti-infectious immune 
protection and low/insufficient general body reactivity. 
Conclusions. Genotypes of the analysed eNOS gene 
are not additional risk factors of cytokine production 
changes in RA patients. 

Keywords: eNOS gene (rs2070744), rheumatoid ar-
thritis, cytokine.

Abbreviations: 
eNOS – endothelial nitric oxide synthase 
IL – interleukin 
NO – nitric oxide
RA – rheumatoid arthritis 
TNF- – tumour necrosis factor alpha

Résultats. L’allèle T sauvage domine l’allèle C mutant 
dans la population de 30% (P < 0.001). La fréquence 
relative des patients avec une production élevée d’IL-
12, IL-6 et une diminution de la production d’IL-10 
prédomine parmi les porteurs de génotypes CT et 
CC (P < 0.05). Les concentrations plasmatiques de 
cytokines pro-inflammatoires (IL-12, IL-18, IL-6) chez 
les patients atteints de AR étaient  1.96 à 4.63 fois 
plus élevées que dans le groupe témoin (P ≤ 0,049) et 
l’IL-10 anti-inflammatoire était plus faible  1.68-2.73 
fois (P ≤ 0.01). De plus, la teneur plasmatique en IL-12 
et IL-6 dans les porteurs de génotype CC était plus 
élevée que dans les vecteurs des génotypes TT et TC 
(P < 0.05). Le déséquilibre de la réponse immunitaire 
chez les patients atteints de AR est caractérisé par une 
activation de l’immunité Thl cellulaire et une activité 
insuffisante de Th2 humorale stipulée par une produc-
tion excessive d’IL-12, IL-18 et IL-6 dans des porteurs 
de génotype CC et une teneur plus faible en IL-10,ce 
qui indique la présence d’un processus inflammatoire 
aigu, une activité élevée de protection immunitaire 
anti-infectieuse non spécifique et une réactivité corpo-
relle générale faible/ insuffisante. 
Conclusions. Les génotypes du gène eNOS analysé 
ne sont pas des facteurs de risque supplémentaires de 
changements de la production de cytokines chez les 
patients atteints de AR.

Mots-clés: gène eNOS (rs2070744), arthrite rhuma-
toïde, cytokine.

Abréviations: 
eNOS – oxyde nitrique synthase endothéliale
IL – interleukine
NO – oxyde nitrique
AR – arthrite rhumatoïde
TNF- – facteur de nécrose tumorale alpha.
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ІФН-, etc)7,8. Therefore, reduced expression of NOS3 
decreases biological availability of NO, which in par-
allel to excessive formation of oxygen active forms 
in the vascular wall becomes an important cause of 
endothelial dysfunction and inflammation9-12. The 
main stimuli to maintain the NOS3 enzyme expres-
sion under such conditions are laminar shear stress 
and anti-inflammatory interleukin-10 (L-10) activ-
ity13-15. Expression of the above mentioned enzyme 
depends also on genetic factors15. Genetic dependence 
of chronic inflammatory reaction development and 
maintenance in RA patients is not completely stud-
ied. Therefore, we have decided to continue research 
in this direction with the aim of early diagnosis of 
RA complications, prognosis of severe RA and choice 
of optimal therapeutical strategies.

The objective of our study was to evaluate the 
alleles and genotypes frequencies of eNOS gene 
T-786C polymorphism in patients with RA and their 
association with RA severity and cytokine profile 
changes.

MATERIAL AND METHODS

The study was performed in compliance with 
the Council of Europe Convention on Human 
Rights and Biomedicine and recommendations 
of the Committee on Bioethics of the Ministry of 
Health of Ukraine. Patients’ Examination Cards and 
Patients’ Informed Consent Forms were approved by 
the Biomedical Ethics Commission of Bukovina State 
Medical University, Ministry of Health of Ukraine 
(Chernivtsi, Ukraine). All enrolled patients were 
treated in the Regional Clinical Hospital (Chernivtsi, 
Ukraine) during 2014-2016. After screening (match-
ing inclusion/exclusion criteria), 60 patients with ex-
acerbation of RA, or acute RA, persistent erosive RA 
were selected for further examination. The control 
group included 20 healthy individuals who were not 
relatives with the patients, without differences of sex 
and age.

Selection of patients and their distribution 
into groups were performed according to the clas-
sifications of ACR/EULAR Criteria and National 
Ukrainian Recommendation1,2. The diagnosis of RA 
was made on the basis of the actual national and in-
ternational recommendations1,2. All patients were ex-
amined comprehensively: clinical examination, labo-
ratory tests and instrumental examination, according 
to re commendations.

Genomic DNA was extracted from peripheral 
blood leukocytes using the «DNA-sorb-B» test sys-
tem, with primers specific to the genic alleles16,17. 
Detection of T-786C  polymorphism of eNOS gene 
was performed by the multiplex polymerase chain 

reaction (PCR) according to the manufacturer’s pro-
tocol. Allele-specific primers were used in the PCR: 
forward 5-TGGAGAGTGCTGGTGTACCCA-3; 
reverse 5-GCCTCCACCCCCACCCTGTC-3. 
PCR amplification was conducted in a total vol-
ume of 50 μl containing: 200 ng of isolated DNA, 
65 mM Tris-HCl pH=8.9, 0.05% Tween20; 16 m 
(NH

4
)
2
SO

4
, 3.5 m MgCl

2
), 0.8×SYBR Red, 0.2 m 

of each dNTPs, 1 μ of each primer (tab. 1) and 
25 μl DreamTaq Green PCR Master Mix (Thermo 
Scientific, USA). The amplification conditions were 
subjected to initial denaturation at 95°C for 2 min; 
35 cycles consisting of denaturation at 95°C for 30 
s, primer annealing at 63°C for 30 s and DNA elon-
gation at 72°C for 30 s; the final DNA extension 
was at 72°C for 2 min. The PCR products were di-
gested by restriction endonuclease MspI FastDigest 
for C-allele+ (Thermo Scientific, USA) at 37°C for 1 
hour. The PCR products (genotype TT: 138  and 42 
bp; genotype TC: 138, 92, 46  and 42 bp; genotype 
CC: 92 , 46 and 42 bp) were separated by horizontal 
electrophoresis on 4% agarose gels (Cleaver Scientific, 
Great Britain), stained with 4 μl of ethidium-bromide 
and visualized in the presence of molecular mass lad-
der (40-1000 bp) using a UV transilluminator and 
Vitran computed based program.

The cytokines level (interleukins -6, -10, -12, 
and -18)  in pg/ml was detected in blood plasma by 
Immuno-enzyme method (ELISA) with the reagents 
set of “Vector Best“ (RU, ISO certificates 9001, 
13485). The cytokines content level was considered 
as: normal – according to the firm-producer recom-
mendation of reagents; increased production of cy-
tokines (upper quartile of the control group) for IL-12 
more than 13.57 pg/ml, IL-18 ≥ 206.89 pg/ml, IL-6 
≥ 14.41 pg/ml; low/ decreased (lower quartile of the 
control group) for IL-10 less than 1.37 pg/ml, respec-
tively.

Statistical analysis was performed using Statistica 
7.0 (StatSoft Inc, USA) software. The reliability of 
the data for independent quantitative samples was 
calculated by using Student’s t-test (if distribution by 
Kolmogorov-Smirnov and W-Shapiro-Wilk test was 
close to the normal), or U-test Wilcoxon-Mann-Whitney 
(in case of uneven distribution), analysis of qualitative 
data (categorical variables) – by odds ratio (OR), with 
95% confidence interval (CI) using a chi-square test 
(2) (df=1). P values <0.05 were considered statistically 
significant.

RESULTS 

Electrophoregram of gene restriction fragments 
distribution is presented in Figure 1. Distribution of 
eNOS gene (T-786C) polymorphic variants in observed 
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groups was as follows: TT-genotype was found in 
48.33% (n=29) patients with RA, and in 25.0% (n = 
5) in the control group (p > 0.05); TC-genotype –  in 
38.33% (n = 23) and 65.0% (n = 13) [OR = 2.99; 2= 
4.31; p = 0.038] respectively; CC-genotype – in 13.33% 
(n = 8) and 10.0% (n = 2) (p > 0.05), respectively. In 
general wild T-allele dominates over mutant C-allele 
in the population (65.0% against 35.0%; 2 = 28.80; 
p < 0.001): in patients with RA – 35.0% higher [OR = 
4.31; 95%CI OR = 2.51-7.40; p < 0.001], in the control 
group– 15.0% higher (p > 0.05) with a reliable exces-
sive heterozygosity (F = -0.33; 2 = 4.49; p = 0.034). 
Excessive heterozygosity in the control is exceeded by 
a normal distribution in the study group and generally 
it does not disturb expected Hardy-Weinberg equilib-
rium in general. 

Distribution of patients with RA depending on 
cytokine production levels (normal, low, high) and 
eNOS gene (rs2070744) polymorphic variants are 
presented in Table 1. Relative frequency of patients 

with a high IL-12, IL-6 level production and de-
creased IL-10 production prevails among the CT- 
and CC-genotypes carriers: for IL-12 – by 75.0% (p = 
0.005), for IL-6 – by 39.14% (p = 0.008) and 75.0% (p 
= 0.005), for IL-10 – by 47.82% (p = 0.008) and 75.0% 
(p=0.005) respectively. On the contrary, relative fre-
quency of patients with high IL-18 content prevailed 
among TT-carriers – by 37.94% higher (2 = 8.34; p 
= 0.004).

Plasma concentrations of pro-inf lammatory 
cytokines (IL-12, IL-18, IL- 6) in RA patients were 
1.96-4.63 times higher than in the control group (p ≤ 
0.049-0.001), and on the contrary, anti-inflammatory 
IL-10 was lower 1.68-2.73 times (p ≤ 0.01-0.001) (Table 
2). Moreover, the IL-12 and IL-6 plasma content in 
CC-genotype carriers was higher than in the TT- and 
TC-genotypes carriers: for IL-12 level – by 55.61% (p

TT 
= 0.041) and 56.18% (p

TC 
= 0.016), for IL-6 concen-

tration – by 52.54% (p
TT 

= 0.003) and 39.47% (p
TC 

= 
0.041) respectively. A distinguished dependence of 

Cytokines Production level, n
Genotypes of eNOS gene, n (%)

TT, n=29 TC, n=23 CC, n=8

IL-12
Normal production, n=24 14 (48.28) 9 (39.13) 1 (12.50)

High production, n=36 15 (51.72) 14 (60.87) 7 (87.50)

2; p 2=1.60
p>0.05

2=2.17
p>0.05 p=0.005

IL-18
Normal production, 

n=20 9 (31.03) 9 (39.13) 2 (25.0)

High production, n=40 20 (68.97) 14 (60.87) 6 (75.0)

2; p 2=8.34
p=0.004

2=2.17
p>0.05

2<1.0
p>0.05

IL-6
Normal production, n=22 14 (48.28) 7 (30.43) 1 (12.50)

High production, n=38 15 (51.72) 16 (69.57) 7 (87.50)

2; p 2=1.60
p>0.05

2=7.04
p=0.008 p=0.005

IL-10
Normal production, n=19 12 (41.38) 6 (26.09) 1 (12.50)

Low production, n=41 17 (58.62) 17 (73.91) 7 (87.50)

2; p 2=1.72
p>0.05

2=7.04
p=0.008 p=0.005

Table 1. Cytokines 
production levels in patients 

with rheumatoid arthritis 
depending on eNOS gene 
(rs 2070744) polymorphic 

variants

Figure 1. Electrophoregramm of human DNA PCR products amplification of eNOS (T-786C) gene polymorphism. 
Legends: Line 18 – DNA Ladder „GeneRuler 100 bp” (1000-40 bp); lines 1-2, 8, 10, 12, 14-16 – heterozygous TC geno-

type; lines 3, 5, 7, 9, 11, 13, 17 – homozygous TT variant; lines 4, 6 – homozygous CC variant; bp / п.н.– base pair
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pro-inflammatory IL-18 plasma content depending on 
eNOS gene (rs 2070744) polymorphic variants was not 
found.

Epidemiological statistics confirmed that eNOS 
gene (rs 2070744) polymorphic variants are not risk 
factors of cytokine production levels in patients with 
RA (Table 3).

DISCUSSION

Many studies have determined that pre-immune 
cytokines tumor necrosis factor alpha (TNF-) 
and immune cytokines (IL-1, IL-6, IL-8) are key 

mediators of initiating inflammation7,18. We have 
found an increased synthesis of pro-inf lammato-
ry IL-6 induced by pre-immune cytokines: IL-1, 
TNF-, interferon (IF-), growth factors and differ-
ent origin mitogens. IL-6 stimulates proliferation 
and differentiation of - and  -lymphocytes, in-
duces fever, intensifies cytotoxic action of TNF-. 
Pro-inf lammatory IL-12 is homological for IL-6. 
Stimulating action of IL-12 is directed to activa-
tion of -lymphocytes, some  -lymphocytes and 
natural cell-killers; it plays an important role in 
the hematopoiesis regulation, induces IF- synthe-
sis, promoting antimicrobial action, anti-neoplastic 

Cytokines Control 
group

Study group / Genotypes of eNOS gene, n (%)
TT, n=29 TC, n=23 CC, n=8

IL-12, pg/ml 8.70±2.57 17.25±6.02 
p=0.049 

17.03±5.36
p=0.017

38.86±10.93
p<0.001 

p
TT

=0.041
p

TC
=0.016

IL-18, pg/ml 138.35±37.10 330.76±48.95
p<0.001  

220.56±41.27 
p=0.048 

p
TT

=0.045

379.37±62.67 
p=0.014

p
TC

=0.051 

IL-10, pg/ml 2.40±0.49 1.28±0.27
p<0.001

1.43±0.31
p=0.01

0.88±0.19
p=0.007   

IL-6, pg/ml 8.71±1.45 19.13±4.61
p=0.007  

24.40±6.54
p=0.002

40.31±4.96
p<0.001

p
TT

=0.003
p

TC
=0.041

Note. p – reliability of differences concerning control group; p
TT

 – reliability of differences 
concerning TT-genotype patients; p

TC
 – reliability of differences concerning TC-genotype 

patients.

Table 2. Cytokines’ 
plasma content in patients 
with rheumatoid arthritis 
depending on eNOS gene 
(rs 2070744) polymorphic 

variants, M±S.D. 

Potential risk factors RR OR 95% CI  RR 95% CI OR p
Normal interleukins production  

IL-12
TT-genotype 1.50 1.96 0.79-2.82 0.69-5.59 >0.05

TC-, CC- 0.67 0.51 0.35-1.26 0.18-1.45 >0.05

IL-18
TT-genotype 0.87 0.82 0.42-1.80 0.28-2.40 >0.05

TC-, CC- 1.14 1.22 0.56-2.35 0.42-3.59 >0.05

IL-6
TT-genotype 1.87 2.68 0.92-3.79 0.91-7.94 0.062

TC-, CC- 0.53 0.37 0.26-1.08 0.13-1.10 >0.05

IL-10
TT-genotype 1.83 2.42 0.84-4.01 0.79-7.42 >0.05

TC-, CC- 0.55 0.41 0.25-1.19 0.13-1.27 >0.05

Increased interleukins production  

IL-12
TT-genotype 0.76 0.51 0.50-1.17 0.18-1.45 >0.05

TC-, CC- 1.31 1.96 0.85-2.08 0.69-5.59 >0.05

IL-18
TT-genotype 1.07 1.22 0.75-1.53 0.42-3.59 >0.05

TC-, CC- 0.93 0.82 0.65-1.34 0.28-2.40 >0.05

IL-6
TT-genotype 0.70 0.37 0.46-1.05 0.13-1.10 0.07

TC-, CC- 1.43 2.68 0.95-2.16 0.91-7.94 >0.05

Decreased interleukin production  

IL-10
TT-genotype 0.76 0.41 0.53-1.08 0.13-1.27 >0.05

TC-, CC- 1.32 2.42 0.92-1.89 0.79-7.42 >0.05
Note. RR – Risk Ratio; OR – Odds Ratio; 95%CI RR,OR – 95% confidence interval of RR, 
OR.

Table 3. Genotypes of  
eNOS (rs2070744) gene 

as risk factors of cytokine 
production changes in 

patients with rheumatoid 
arthritis
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effect with inconsiderable toxicity19. In our study, 
we have found an increased concentration of IL-18 
(or IGIF – interferon- inducing factor), stimulating 
synthesis of pro-inflammatory cytokines (IL-1, IF-, 
TNF-, MIP-, etc). Some researchers have found 
that excessive production of IL-18 can cause destruc-
tive changes in the tissues and joints in patients with 
RA5,6,18,19. At the same time, in order to prevent ex-
cessive signs of inflammatory reaction or systemic 
inflammation in patients with RA, the mechanisms 
of a reverse control are involved in the body through 
the production of anti-inflammatory cytokines (IL-4, 
IL-10, IL-13). Management of cytokine balance con-
trol can influence the evolution of RA and its com-
plications.  Some researchers proved that IL-4 and 
IL-10 promote the development of humoral response 
via B-lymphocytes and mast cells stimulating and, 
on the contrary, by inhibiting cellular immune re-
sponse (decreased function of macrophages, reduced 
T-cells proliferation and cytokine production) (19). 
In our study we have found an increased content of 
pro-inflammatory (IL-12, IL-18, IL-6) and decreased 
of anti-inflammatory IL-10 levels, which is accord-
ing to biological pathogenic achievement of their 
function. The above mentioned changes in cytokine 
cascade partially explain the clinical manifestations 
of RA, its severity and activity, as well as associated 
immunologic disorders. 

Limitations of the study. The main limitation of 
the study is related to the small number of patients 
included.

CONCLUSIONS

The immune response imbalance in patients 
with rheumatoid arthritis is characterized by a cel-
lular link of Th1 immunity activation and low/ in-
sufficient activity of humoral Th2,  stipulated by an 
excessive production of IL-12, IL-18 and IL-6 in the 
CC-genotype carriers of eNOS gene (rs 2070744) and 
lower content of anti-inflammatory IL-10 cytokine in 
C-allele carriers, that indicates the presence of the 
acute inflammatory process, high activity of non-spe-
cific anti-infectious immune protection factors and 
low/insufficient general body reactivity. 

Genotypes of the analyzed eNOS gene (rs 
2070744) are not additional risk factors of changes in 
cytokine production of patients with RA. 
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