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ABSTRACT

Aims: Psoriasis is a common (affecting 2% of the general population) chronic inflammatory skin
disease characterized by impaired keratinocyte differentiation and proliferation. Nitric oxide (NO) is
one of the most potent vasodilators synthesized in large quantities at the early stages of wound
response, as well as in inflammation. Psoriasis has been shown to be associated with increased
NO content in pathological tissues. The objective of this study was to analyze two single-nucleotide
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intron 1) genes.

specific probes for genotyping was used.

0.05).

substitutions in the NOS2 (rs2779249, c.-1290G>T, 5’-region) and NOS3 (rs2070744, c.-813C>T,

Methodology: The study was performed on DNA samples obtained from 88 patients diagnosed
with psoriasis and 365 control samples (population-based control). Real-time PCR with allele-

Results: No associations with the disease were observed for the evaluated substitutions (P >

Conclusion: No associations of NOS2 (rs2779249) and NOS3 (rs2070744) with disease were
observed. It is expected that their effect will be more noticeable in combination with other
substitutions in these genes or a larger sample. It is also possible that overactive regulation of NO
synthase expression in psoriasis is independent of the studied gene polymorphisms.

Keywords: Psoriasis; nitric oxide synthases; NOS2; NOS3; DNA polymorphism; genetic associations.

1. INTRODUCTION

Psoriasis is a common (affecting 2% of the
general population [1]) chronic inflammatory skin
disease, and, although the nature of this disease
has not been fully elucidated, convincing
evidence is available showing that genetic
predisposition and immunological factors play an
essential role in the development of this condition
[2]. The development and course of the disease
are also affected by infections, stress, and
psychological trauma [3].

Impaired  keratinocyte  differentiation  and
proliferation characterize psoriasis as a result of
an autoimmune reaction of T-lymphocytes and
macrophages against skin cells. The DNA of
degrading keratinocytes is an antigen that
causes inflammation, angiogenesis, and
proliferation of immunocompetent cells. Dermal
dendritic cells present the antigen to T-helper
(ThO) lymphocytes and stimulate proliferation of
T-killer cells and Type 1 T-helpers, which secrete
various chemical signals, cytokines: tumour
necrosis factor (TNF)-qa, interleukin (IL)-18, IL-6,
interferon-y and IL-17, which cause inflammation,
and IL-22 responsible for activated proliferation
of keratinocytes and impairment of their normal
maturation and differentiation. Responding to
these cytokines, keratinocytes produce IL-1, IL-6,
and TNF-a, which are responsible for the
chemotaxis of new immune cells to the site of
inflammation, increased proliferation of these
cells, and further development and aggravation
of the inflammatory response. Immature
keratinocytes that die as a result of apoptosis
release more DNA, thus further stimulating the
dendritic cells. It is believed that these
immunopathological reactions are caused by a
defect in regulatory suppressor T-cells and by
abnormal secretion or function of the regulatory,
anti-inflammatory cytokine IL-10 [4].

Psoriasis has an extremely complex genetic
basis. In the last five years, genome-wide
association study (GWAS) has revealed
numerous loci, regions potentially predisposing
to psoriasis [5]. Potential responsible genes can
be conditionally divided into the following
groups [6]:

1. those responsible for the impairment of
skin barrier function;
2. genes participating in the IL-23-signaling

pathway responsible  for  adaptive
immunity;
3. genes participating in the signaling

pathway of the nuclear factor NF -kB and

interferon, and in the IL-17 production by

cells responsible for congenital immunity;
4. genes involved in the antigen presentation.

Population- and family-based studies also
demonstrate a genetic predisposition to
psoriasis, as the risk of this disease is higher in
relations of patients suffering from psoriasis
compared with the general population and
in monozygotic  twins  compared  with
dizygotic ones (20% - 73% vs. 9% - 20%,
respectively, depending on the studied
population) [3]. Some evidence shows an effect
of epigenetic factors (DNA methylation, histone
modification, and microRNA regulation) on the
pathogenesis [7].

Nitric oxide (NO) is one of the most potent
vasodilators. It is synthesized in large quantities
at the early stages of wound response, as well as
in inflammation. The function of NO is to produce
local vasodilation in tissue damage and
inflammation, thus promoting the attraction of
cells (including those involved in the immune
response) and initiation of inflammation. NO has
no receptors, interacting directly with the soluble
guanylate cyclase of the vascular smooth muscle
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cell, thus leading to activation of the vasodilation
signaling pathway. The NO synthase family
consists of 3 proteins: neuronal, inducible, and
endothelial NO synthases encoded by the NOS1,
NOS2, and NOS3 genes, respectively.

Psoriasis has been shown to be associated with
increased NO content in pathological tissues [8,
9] as well as increased expression of NOS2
in psoriatic skin [10]. As a result, the
inflammatory process in an affected skin is
continuously maintained. NO is also a potent
regulator of the differentiation and proliferation of
keratinocytes, cells involved in the pathogenesis
of psoriasis.

The objective of this study was to analyze
two single-nucleotide variants (SNV) in the
NOS2 (rs2779249, c.-1290G>T, 5'-region)
and NOS3 (rs2070744, c.-813C>T, intron 1)
genes using real-time PCR with allele-specific
probes.

2. PATIENTS AND METHODS
2.1 Study Subjects

Blood samples were obtained from patients with
psoriasis at the City Clinical Hospital No. 14
named after V. G. Korolenko (2013-2016).
Patients with a diagnosis of psoriasis residing in
Moscow or Moscow suburbs were selected in
accordance with the International Classification
of Diseases (L-40). The study sample consisted
of 88 patients. DNA samples isolated from the
whole blood of non-evaluated Moscow or
Moscow Region patients were used as controls
in this study. The control sample consisted of
365 subjects (population-based control). Blood
samples were collected at a Moscow blood
transfusion station. All patients enrolled in this
study were familiarized with the objectives of the
study and signed the Informed Consent Form.
The study was conducted in accordance with the

ethical standards laid down in the Declaration of
Helsinki. A qualified phlebologist collected the
blood samples.

2.2 Molecular Genetic Analysis

DNA was isolated from whole blood using a
Magna™ DNA Prep 200 kit (Izogen Lab, Russia).
The DNA isolation procedure was conducted as
prescribed by the manufacturer, using special
magnetic stands. A 200 yL sample of whole
blood was used for the isolation.

The fluorescent probes (TagMan probes) and
allele-specific primers for the evaluated variants
were synthesized by DNA Synthesis LLC
(Moscow). The fluorescent dyes VIC and FAM
and the quencher BHQ1 were used in the
manufacture of labeled primers for the TagMan
probes. The nucleotide sequences of the primers
are presented in Table 1.

The gPCRmix-HS reagent mixture (Evrogen,
Russia) was used for real-time PCR. The mixture
includes all components necessary for the assay:
high-fidelity Taq DNA polymerase, nucleotide
triphosphate  mixture, M92+, PCR Dbuffer.
Duplicate genotyping with the use of negative
control samples was performed. Each reagent
mixture contained 20 pmol of each of the two
(direct and reverse) primers and 20 pmol of the
fluorescent probes. Real-time PCR was
performed using a CFX-96 kit (Bio-Rad, USA) in
accordance with the manufacturer’s Instructions
for Use.

2.3 Statistical Analyses

Statistical analysis of obtained data included the
use of the Pearson test (chi-square, X°).
Complex genotypes associated with the disease
were found with the help of the polygenic data
software APSampler v.3.6.0.1
(https://sourceforge.net/projects/apsampler/).

Table 1. Sequences of the primer and probe pairs employed in the study (T, is the primer /
probe annealing temperature)

Sequence of primers and probes Tann,°C  Gene (SNV) Amplicon
length (bp)

F: ACCAGGGCATCAAGCTCTTC 55 NOS3 67

R: GCAGGTCAGCAGAGAGACTAG (rs2070744)

C: VIC-AGGGTCAGCCGGCCAG-BHQ1

T: FAM-AGGGTCAGCCAGCCAG-BHQ1

F: GCCTCTCAAAGTGCTAGGATTACAA 56 NOS2 88

R: GGGAATACTGTATTTCAGGCATTATAAGGA (rs2779249)

T: VIC-TAGCCACAATGCCCG-BHQ1
G: FAM-TAGCCACCATGCCCG-BHQ1
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Table 2. Frequencies of the alleles and genotypes of the examined genes

NOS2 case control NOS3 case control
Allele T 0.330 0.294 Allele T 0.420 0.450
Allele G 0.670 0.706 Allele C 0,580 0.550
Genotype TT 0.091 0.080 Genotype TT 0,000 0.003
Genotype TG 0.477 0.427 Genotype TC 0.841 0.894
Genotype GG 0.432 0.493 Genotype CC 0.159 0.103

3. RESULTS AND DISCUSSION

We have chosen SNVs in NOS2 (rs2779249)
and NOS3 (rs2070744) genes as subject of our
study. The T allele of the rs2779249 substitution
in the NOS2 gene results in a fivefold increase in
the NOS2 transcriptional activity compared with
the G allele [11]. The C allele of the rs2070744
substitution in the NOS3 gene decreases the
promoter activity of the NOS3 gene [12].
Therefore, the combination of the T and C alleles
of the NOS2 and NOS3 genes, respectively,
should result in increased NO synthase
expression. Thus, both studied SNVs affect
transcriptional activity of NOS2 and NOSS3
genes.

The molecular genetic analysis yielded
frequencies of the genotypes of the evaluated
variants. The obtained allele and genotype
frequencies are presented in Table 2.

No associations with the disease were found for
the evaluated SNV: NOS3 (rs2070744) — X° =
0.487, P = 0.485 and NOS2 (rs2779249) — X* =
0.859, P = 0.354. We also detected a significant
deviation in the variant genotype frequencies
from the Hardy-Weinberg equilibrium for the
NOS3 gene: main group — X* = 46.32 (P = 0),
control group — X* = 225.86 (P = 0).

The search for complex genotypes did not reveal
any allele / genotype combinations associated
with psoriasis.

There have been numerous reports of excessive
nitric oxide production in affected skin [13,14],
and the role of NO in the proliferation of
keratinocytes has been described [15,16].
Expression of inducible nitric oxide synthase
(NOS2) is increased in skin affected by psoriasis
[17,18]. Also NOS2 and NOS3 can be drug
targets for psoriasis [19,20].

The NOS3 (rs2070744) C allele has been shown
to be reliably associated with psoriasis, affecting
the plasma NO concentration [1]. Other authors
have reported an association between another

NOS3 gene polymorphism and psoriasis [21,22].
The NOS2 gene (substitution rs4795067) has
been found to be associated with psoriasis in a
genome-wide association study [23]. No
associations between these SNVs and psoriasis
were found in patients with psoriasis from
Moscow region.

4. CONCLUSION

We did not observe any significant associations
between the evaluated variants and psoriasis.
Their effects may become more pronounced
when combined with other substitutions in these
genes or a larger sample. Another possibility is
that psoriasis is associated with signaling
pathway abnormalities in affected tissues, which
result in overactive regulation of NO synthase
expression independently of the presence of the
studied gene polymorphisms.
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