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The RS7314935 (117718837 g>a) is biomarker of arterial hypertension and tension-type headache phenotype

The aim of the research. The purpose of the study was to investigate the association of alleles (G>A) and genotypes (GG, GA, AA) carriage of SNP rs7314935
of the NOS1 gene with the <cAH+TTH» phenotype development in middle-aged adults.

Material and methods. There was open, observational, cross-sectional, case-control study. Study period is October 2020 - July 2022. Study location is Professor
VE Voino-Yasenetsky Krasnoyarsk State Medical University (KrasSMU). We included in the study: residents of the Krasnoyarsk (industrial city of the Siberia);
Caucasians; persons of average (from 45 to 65 years) age; compliance with the protocol of the research; have a signed informed consent form to participate in the
study. We exclude from the study: residents of other regions and members of small ethnic Siberian groups; Asians; age up to 45 years and over 65 years; comorbid
somatic diseases (cognitive disorders; acute infectious process; diabetes and chronic kidney disease; chronic heart failure; other primary headaches (except TTH);
secondary headaches); low compliance; refusal to sign the informed consent form for participation in the study. The sample was 91 complex observed participants:
group 1 (hypertensive patients) - 60 patients; group 2 (control) - 31 healthy volunteers. Group 1 was divided into two subgroups: main subgroup - «<AH+TTH»
(30 patients) and comparable subgroup - AH without headache (30 patients). Venous blood was taken on an empty stomach for each participant. Genomic
deoxyribonucleic acid (DNA) was isolated from leukocyte suspension according to the standard protocol [23]. The determination of the carriage of polymorphic
allelic variants of rs7314935 of the NOSI gene was carried out using real-time polymerase chain reaction (RT-PCR), on the apparatus Rotor-Gene 6000 (Australia)
using TagMan allelic discrimination technology and commercially available fluorescent probes (primers) developed by Applied Biosystems (USA).

Results. There were not statistically significantly differences (p>0,05) between groups 1 and 2 in average age and gender distribution. The main
(AH+TTH) and comparable (AH without headache) subgroups were comparable (p>0,05) by course and lasting of AH anamnesis, and average age of
AH onset. The onset age of AH was slightly higher than the onset age of TTH. There were 4 main triggers for elevation of BP in patients with AH (group
1). Three triggers did not significantly differ (p>0,05) in main subgroup (AH+TTH) and comparable (AH without headache) subgroups: emotional
and physical overload, and also sleep problems (sleep deprivation, lack of sleep, oversleeping). But headache episodes themselves were statistically
significant trigger for elevation of BP in patients of main subgroup (AH+TTH) compared subgroup of hypertensive patients without headache (p=0,002).
Conclusion. Our study was shown that the heterozygous genotype GA of rs7314935 of the NOS1 gene may be new genetic biomarker of «AH+TTH»
phenotype developing in Caucasian hypertensive patients from East Siberia.
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Introduction

Arterial hypertension (AH) is a syndrome of clinical-
ly increased blood pressure (BP) in patients with essential
AH and symptomatic AH above the normal value (systolic
BP - more than 140 mmHg and diastolic BP - more than
90 mmHg). These values were associated with high cardi-
ovascular risk in epidemiological randomised controlled
studies which, in result, have demonstrated the feasibility
and benefit of hypotensive treatment [1].

Tension-type headache (TTH) is one of the most com-
mon forms of primary headache, manifested by bilateral
pressing or constricting headache of mild or moderate in-
tensity lasting from 30 minutes to several days. Headache
in TTH patients does not increase with normal physical
activity and is not accompanied by nausea, but there may
be an appetite decrease, photo- or phonophobia [2].

The prevalence of AH covers from 30% to 45% of the
adult Russian population. Hypertension patients older
than 60 years are more 60% of the population [3]. Accord-
ing to epidemiological studies, the prevalence of TTH also
varies from 30% to 75% in the world and in Russia [4].
Every year, there is a tendency for the rising prevalence of

these diseases, probably due the sociological and climatic
problems of the society.

AH and TTH are often comorbid conditions. The
clinical phenotype or overlap syndrome «AH+TTH» is a
common problem for physicians, cardiologists and neu-
rologists. The nature of pathophysiological and clinical re-
lationship between AH and TTH is a very relevant prob-
lem, although poorly understood [5].

Among the variety of biologically active substances
produced by the endothelium, the most important one is
nitric oxide (NO). It is known that NO plays a role in adap-
tation of the vascular system to various metabolic chang-
es. Normally, this molecule is constantly released to keep
blood vessels in dilation. NO is formed due to the action of
NO-synthase (NOS) through oxidation of the guanidine
nitrogen atom in L-arginine under the influence of cat-
abolic reactions of the calmodulin-dependent isoform of
the NOS enzyme [6]. Due to various pathological changes
in blood vessels, the ability of endothelial cells to release
this relaxing factor decreases, which leads to endothelial
dysfunction [7]. Endothelial dysfunction is in turn one of
the main links in AH pathogenesis [8].
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The modern theory of TTH pathogenesis is that
neurobiological and vascular component is one of the
main its mechanisms. There is a disturbance between
the arterial and venous circulatory system. When the
venous outflow is impaired, the venous sinuses over-
flow, which leads to irritation of the trigeminal nerve
[9]. NO is also responsible for neuro- and neuromus-
cular transmission. Thus, muscle spasm (in TTH with
tension of pericranial muscles) leads to venous stagna-
tion and endothelial dysfunction [10].

Therefore, the pathogenetic mechanism common to
AH and TTH is endothelial dysfunction due to the distur-
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bance of NO synthesis, which explains the new hypothesis
of the k;AH+TTH» phenotype development [11].

There are three isoforms of NOS: neuronal (nNOS), in-
ducible (iNOS) and endothelial (eNOS) [11]. Functional ac-
tivity of these isoforms of NOS depends on the major (wild
type) and minor alleles of single nucleotide polymorphisms
(SNPs) of NOSI, NOS2, and NOS3 genes [12]. As is known,
eNOS is mainly expressed in cells of vascular walls. It is the
main regulator of BP through its influence on vasodilation.
And nNOS, in turn, is mainly expressed in the brain. How-
ever, nNOS is also expressed in cells of the skeletal muscle
[13] and in endothelial cells, cardiomyocytes, thus nNOS is
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Figure 1. NOSI gene chromosome localization (in human) [15].
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Figure 2. Expression levels of nNOS in the human body (a) and tissues (b) [18].
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Figure 3. Geography of genetic variant rs7314935 of the
NOSI gene in the world [19].

also important in vascular tone regulation (control of vas-
odilation) [14]. Therefore, nNNOS may be an important bio-
marker for the kAH+TTH» phenotype development.

The NOSI gene encoding nNOS islocalised on the long
arm of chromosome 12 - on 12q24 (see Figure 1) [15, 16].
Low-functional SNP rs7314935 (position: 12:117718837
(GRCh37), NC_000012.12:117281031:G:A) of the NOS1
gene, leading to replacement of guanine with adenine -
intron variant - can lead to a decrease in the functional
activity of nNOS, the absence of the expected physiologi-
cal synthesis of NO in the brain, blood vessels and skele-
tal muscles (see Figure 2) [17, 18]. The carriage of major
and minor alleles of this SNP in the Caucasian population
from Siberia (Russia) is shown in Figure 3 [19].

The purpose of the study was to investigate the associa-
tion of alleles (G>A) and genotypes (GG, GA, AA) carriage
of SNP rs7314935 of the NOSI gene with the «kxAH+TTH»
phenotype development in middle-aged adults.

ALLEL A
* Group 1 {main subgroup - AH*TTH)
= Group 1 {comparable subgroup - AH without headache)
Group 2 (control)

a

The stages of the study were: 1) scientific search; 2) sam-
pling; 3) molecular genetic testing; 4) statistical processing.

At first, we studied the aetiology, pathogenesis and
clinical picture of TTH. Then we identified the main trig-
gers for elevation of BP, and for episode of TTH in patients
with AH. The scientific literature analysis has shown the
relationship between nitric oxide dysfunction and en-
dothelial dysfunction. We have studied the functions of
the NOSI gene, and identified SNPs of this gene potential-
ly associated with the risk of developing the phenotype.

We observed and examined patients with AH. And then
randomise them into subgroups of a clinical «kxAH+TTH»
phenotype and AH without headache. A control group of
healthy volunteers was recruited. After that, there was cre-
ation of a database for study participants and the results
were processed.

Finally, we analysed the carriage of major (G, guanine)
and minor (A, adenine) alleles, as well as GG (guanine
/ guanine), GA (guanine / adenine), AA (adenine / ade-
nine) genotypes in the main group, the comparison group
and the control group; assessed the risks of developing
AH and the «<AH+TTH» phenotype as compared with the
control group.

Material and methods

There was open, observational, cross-sectional,
case-control study. Study period is October 2020 - July
2022. The research site was Professor V.E Voino-Yasenet-
sky Krasnoyarsk State Medical University (KrasSMU). Ta-
ble 1 presents the general information about the research.

The informed consent for the participation in this
study was received from all patients and healthy volun-
teers. All participants were not rewarded for participating.

The study included: residents of Krasnoyarsk (an indus-
trial city in Siberia); Caucasians; persons of middle (from
45 to 65 years) age; compliance with the protocol of the re-
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Figure 4. The frequencies of rs7314935 alleles (a) and genotypes (b) in sample.

Table 1
Study characteristics
Document Number Date
Positive decision of the local ethics committee of the KrasSMU 101/2020 31.10.2020
Rector’s order of the KrasSMU grant to support the young scientists research 462-base 12.01.2021
Registration card of research «Clinical and genetic predictors of the tension-type headache and arterial hypertension phenotype» 122030300108-6 | 03.03.2022

Note: KrasSMU - V.E Voino-Yasenetsky Krasnoyarsk State Medical University.
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search; have a signed informed consent form to participate
in the study. The subjects excluded from the study were resi-
dents of other regions and members of small ethnic Siberian
groups; Asians; age up to 45 years and over 65 years; comor-
bid somatic diseases (cognitive disorders; acute infectious
process; diabetes and chronic kidney disease; chronic heart
failure; other primary headaches (except TTH); secondary
headaches); low compliance; refusal to sign the informed
consent form for participation in the study.

The sample was 91 complex observed participants:
group 1 (hypertension patients) — 60 patients; group 2
(control) — 31 healthy volunteers. Group 1 was divided
into two subgroups: the main subgroup - «AH+TTH»
(30 patients) and the comparison subgroup — AH without
headache (30 patients). When diagnosing AH, the cardi-
ologist used the criteria of the European Society of Cardi-
ology and the European Society of Hypertension (2018)
[20] and the criteria of the Russian Society of Cardiology
(2020) [21]. When diagnosing TTH, the neurologist used
the criteria of the International Classification of Headache
Disorders (2018) [22].

Venous blood was sampled from fasted patients.
Genomic deoxyribonucleic acid (DNA) was isolated from
leukocyte suspension according to the standard protocol
[23]. The determination of the carriage of polymorphic al-
lelic variants of rs7314935 of the NOSI gene was carried
out using real-time polymerase chain reaction (RT-PCR),
on the Rotor-Gene 6000 apparatus (Australia) using
TagMan allelic discrimination technology and commer-
cially available fluorescent probes (primers) developed by
Applied Biosystems (USA).

Results were classed in data base in program Excel
(version 14; USA) and analysed in statistical program
SPSS (version 22; USA) and MedStatistic online calcula-
tor available at https://medstatistic.ru/. The distribution of
genotypes of 1s7314935 was checked for compliance with
the Hardy-Weinberg equilibrium. Pairwise comparison of
allele and genotype frequencies was performed using the
chi-square test (x2). If the expected frequencies were less
than 5, then Fisher’s exact test was used. Significance level
was p<0.05. The risk of <kAH+TTH» phenotype develop-
ment, as well as AH, was assessed in odds ratio with 95%
confidence interval (OR, 95% CI).
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Results and discussion

Table 2 presents the general information about the
study participants.

There were no statistically significantly differenc-
es (p>0.05) between groups 1 and 2 in average age and
gender distribution. The main (AH+TTH) and compar-
ison (AH without headache) subgroups were comparable
(p>0.05) by course and lasting of AH anamnesis, and av-
erage age of AH onset. The onset age of AH was slightly
higher than the onset age of TTH.

Classical risk factors for AH and TTH have been
studied (smoker status, alcohol consumption, body mass
index, level of physical activity). Statistically significant
differences were obtained for the low physical activity
(p=0.034) and obesity of the second (p=0.039) and third
(p=0.049) degrees.

There were 4 main triggers for elevation of BP in pa-
tients with AH (group 1). Three triggers did not signifi-
cantly differ (p>0.05) in the main subgroup (AH+TTH)
and comparison (AH without headache) subgroups: emo-
tional and physical overload, as well as sleep problems
(sleep deprivation, lack of sleep, oversleeping). However,
headache episodes on their own were a statistically sig-
nificant trigger for elevation of BP in patients of the main
subgroup (AH+TTH) compared to the subgroup of hy-
pertensive patients without headache (p=0.002).

The carriage of rs7314935 alleles and genotypes in the
studied sample was compliant with the Hardy-Weinberg
Equilibrium law in all observation groups. The analysis is
presented in table 3.

The frequencies of rs7314935 alleles and genotypes are
presented in Figure 2.

There were no statistically significant differences (see
Figure 2, Table 4) in alleles frequency (p=0.142) and gen-
otype distribution (p=0.111) in comparing all patients
with AH (n=60) regardless of the presence of comorbid
headache: group 1 (main subgroup - AH+TTH) and
group 1 (comparable subgroup - AH without headache)
versus group 2 (control). Similar results were obtained in
comparing group 1 (comparable subgroup - AH without
headache) to group 2 (control): both in the analysis of
allele frequencies (p=0.504) and genotype distribution
(p=0.479).

Table 2

Participants’ characteristics

General characteristics Group 1 (main subgroup - AH+TTH) Group 1 (comparable subgroup - AH without headache) | Group 2 (control)
Age of the study participants, years
(Mean + standard deviation) 527 +57 536+71 57+67
Female (%) 73.3 60.0 51.6
Male (%) 26.7 40.0 48.4
Duration of AH (anamnesis), years
(Mean + standard deviation) 124+124 158+9.9
Age of AH onset, years
(Mean + standard deviation) 406+117 378+115
Duration of TTH (anamnesis), years
(Mean + standard deviation) 15.3+112
Age of TTH onset, years
(Mean + standard deviation) 375+104

Note: AH - arterial hypertension; TTH - tension-type headache.
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Table 3
The Hardy-Weinberg equilibrium
Group Genotype Participants Hardy-Weinberg Equilibrium X2 p
Group 1 GG 18 (60%) 19.2
(main subgroup — AH+TTH) GA 12 (40%) 9.6 1.875 0.39
n1=30 AA 0(0%) 12
) GG 23 (76.7%) 23.41
Szrggg 1 (comparable subgroup — AH without headache) GA 7(233%) 6.183 0.523 0.77
AA 0(0%) 0.408
GG 26 (83.9%) 26.2
Sgggﬁ’ 2 (control) GA 5 (16.1%) 4.596 0.238 0.89
AA 0 0.202

Note: AH - arterial hypertension; TTH - tension-type headache. The genotype homozygous for the recessive allele (AA)

was not found in the study sample.

Table 4

Odds Ratio of phenotype depending on allelic and genotype variants of rs7314935

Alleles, genotypes | X2 | p | 0Odds ratio | 95% confidential interval
Group 1 (all hypertensive patients) / Group 2 (control)
G 0.47 0.17-1.32
A 2.1 0.142 245 0.766.05
GG 0.42 0.14-1.25
GA 2.541 0.111 241 0.8-7.25
AA - -
Group 1 (main subgroup — AH+TTH) / Group 2 (control)
G 0.35 0.12-1.067
A 3622 0.057 2.85 0.94-8.66
GG 0.61 0.09-0.96
GA 4.322 0.038* 3.47 1.04-11.56
AA B B
Group 1 (comparable subgroup — AH without headache) / Group 2 (control)
G 0.66 0.2-2.22
A 0.446 0.504 1.51 0.45-5.03
GG 0.63 0.18-2.27
GA 0.501 0.479 1.58 0.44-5.68
AA B B
Group 1 (main subgroup — AH+TTH) / Group 1 (comparable subgroup — AH without headache)
G 0.53 0.19-1.45
A 1563 0.211 1.89 0.69-5.2
GG 0.46 0.15-1.4
GA 1.926 0.165 2.19 0.72-6.7
AA B B

Note: AH - arterial hypertension; TTH - tension-type headache. The genotype homozygous for the recessive allele (AA) was

not found in the study sample.

At the same time, significant differences in frequen-
cies of rs7314935 alleles and genotype were shown in
comparing group 1 (main subgroup - AH+TTH) versus
group 2 (control) (see Figure 2, table 4). Thus, in com-
paring allele frequencies (see Figure 2(a), table 4), the
differences tended to the level of significance (p=0.057).
The minor allele A was 2.47 times more common in
group 1 (main subgroup - AH+TTH) compared with
group 2 (control): 20.0% versus 8.1%. In comparing gen-
otype frequencies (see Figure 2(b), table 4), the differ-
ence reached statistical significance (p=0.038). The het-
erozygous genotype GA was 2.48 times more common
in group 1 (main subgroup - AH+TTH) compared with
group 2 (control): 40.0% versus 16.1%.

The GA genotype was associated with a triple risk
of the «<AH+TTH» phenotype development compared

92

with group 2 (control): (OR=3.47 [95% CI: 1.04-11.56],
p=0.038). However, the heterozygous genotype rs7314935
did not significantly affect the risk of AH development
(OR=2.541 [95% CI: 0.8-7.25], p=0.111) in the Caucasian
Siberian population.

Patients with clinical phenotypes may have two and
more diseases. Thus, clinical phenotypes are very diverse
and heterogeneous because there are many possible rela-
tionships between different diagnoses, as well as their clin-
ical and genetic features. A phenotype is a condition in
which a patient has signs of at least two diseases that have
a common clinical picture and pathophysiology. Since
TTH and headache in AH (headache associated with
homeostasis disorders) have such common features, the
probability of diagnostic difficulties is very high and the
frequency of this phenotype development in the clinical
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practice of neurologists and therapists is also very high. In
addition, we previously demonstrated the role of NO and
nNOS in this condition [12, 23].

So, nNOS is expressed in the cerebrovascular system,
cardiovascular system and skeletal muscles (see Figure 2)
[18] and, in addition to NO, generates H O, [24]. In gen-
eral, the complex two-domain structure of nNOS has a
deep correlation with cardiovascular and cerebrovascular
disorders [7]. It is assumed that nNOS contributes to the
control of blood pressure, cerebral blood flow and tone of
pericranial skeletal muscles in healthy subjects [23]. In ad-
dition, there are hypotheses that nNOS can contribute to
the control of vascular and pericranial skeletal muscle re-
laxation in patients with AH and TTH undergoing med-
ication [23]. Selective blockade of nNOS can reduce the
degree of vasorelaxation and muscle relaxation. However,
this inhibitory effect is higher in patients with controlled
AH. It is interesting that the expression of nNOS is higher
in pharm-controlled hypertensive patients than in patients
with uncontrolled AH and normotensive patients [24].

It is also known that the expression level of nNOS is ge-
netically predetermined. The NOSI gene encoding nNOS
is located on chromosome 12 in humans (see Figure 1)
[15, 16]. Mutations and SNPs in the NOSI gene can signif-
icantly alter the expression of this enzyme and the produc-
tion of NO, both in clinically healthy individuals and in
patients with AH+TTH. Transcript variants (difference in
5'UTR) for NOSI gene are described but poorly studied.
In addition, alternatively spliced transcript variants have
been found for this gene [25].

We analysed the scientific literature describing
157314935 (117718837 G>A) as a genetic biomarker of AH
and primary headache (including TTH). Papers aimed at
finding the association of rs7314935 with the phenotype
were not found.

Most of the associative genetic studies of rs7314935 with
primary headaches were carried out on the example of pa-
tients with migraine, which has pathogenetic mechanisms
different from TTH. Thus, no associations of this SNP with
a high risk of developing migraine were found in Japanese
(Ishii M. et al. (2014) [26]) and Spanish (Garcia-Martin E.
et al. (2019) [27]) populations. According to our analysis,
the role of rs7314935 as a genetic biomarker of TTH has
not been previously studied. In addition, rs7314935 of the
NOSI gene has been studied as a genetic biomarker of the
AH. Thus, Levinsson A. et al. (2014) showed on the exam-
ple of the Swedish population that the carriage of the ho-
mozygous recessive genotype AA rs7314935 increases this
risk (OR=2.15; 95% CI 1.06-4.37, p=0.03) [28].

Conclusion

Our study was shown that the heterozygous genotype
GA of rs7314935 of the NOSI gene may be new genetic
biomarker of «kxAH+TTH» phenotype developing in Cau-
casian hypertensive patients from East Siberia.
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