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Genetic predisposition to essential hypertension
in children: analysis of 17 single nucleotide

polymorphisms

Study of 17 single nucleotide polymorphisms has been performed to determine the factors of genetic
predisposition to essential hypertension. Polymerase chain reaction (PCR) with subsequent analysis of
restriction fragment length, allele specific PCR or real-time PCR was used for genotyping of 17 single
nucleotide polymorphisms in 14 genes in 145 children with essential hypertension and 144 healthy persons
with following complex multivariate statistical analysis. Two single nucleotide polymorphisms — MMP9
(C13%—T) and NOS3 (Glu,,e—Asp) — rs3918242 and rs1799983 — were shown to represent the main
independent effects with the highest predictive potential (77,1% as indicated by binary logistic regression
and 74,6% testing accuracy shown by Multifactorial Dimensionality Reduction). MMP9 (C°%—T) and
NOS3 (Glu,gg—Asp) potentially may be used to create predictive algorithm for determination of predis-
position to arterial hypertension in children.
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INTRODUCTION

Genetic predisposition is a strong and necessary
background for effects of environmental factors,
the worst combinations of which might lead to
onset and progression of multigenic diseases,
including essential hypertension (EH). The
earlier age of disease onset suspects more
primary role of genetic factors in its etiology.
The cases of EH in childhood are rare but there
is no doubt regarding the leading role of genetic
factors in their onset [29]. Single nucleotide
polymorphism (SNP) is considered to be genetic
phenomenon that constitutes diathesis (more
common determination is susceptibility) to
almost all chronic diseases including EH [2].
There are a lot of studies concerning associa-
tion of several SNPs and EH in adults but less
information is available about EH in children [5,
7 19, 21, 40]. SNPs in genes encoding factors
of blood pressure regulation (such as NOS3,

ACE, AGT, AGTRI1, NPPA, NPR1, ET1I, etc) are
of the main interest for authors investigating
this problem and they have found association
of some of them with increased blood pressure
in early age. Petrovic D. et al. were the first to
publish work concerning this aspect in 2002
[39]. They studied frequencies of I/D polymor-
phism of ACE gene, the M,,,—T polymorphism
of the angiotensinogen gene (4GT), and the an-
giotensin II type 1 receptor (AGTRI) A'1%—C
gene polymorphism in group of 57 children (8-
19 years old) with diagnosed EH compared to
group of 57 subjects with normal blood pressure,
reported that AGT M,,,—T polymorphism can
be considered as a risk factor for EH in child-
hood. The same team of investigators in 2004
was failed to find association of Scal NPPA gene
polymorphism with the level of blood pressure
in the same studied group [58]. Snieder H. et
al. in their works (2002, 2004, and 2006) ana-
lyzed SNPs in genes encoding beta2-adrenergic
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receptor ADRB2 (Arg,,—Gly and Gln,,—Glu),
endothelin-1 EDNI (T-137°—G, +138/ex1 del/
ins, T-37/in2C, and Lys, ,c—Asn), angiotensino-
gen AGT (M,;,—T), and angiotensin Il receptor
typel AGTRI (C**'>T,L 5, —Land A''%—C)
in Caucasians and Afro-Americans. They have
evaluated influence of genotype, sex, race, and
socioeconomic state on dynamics of changes
of blood pressure and left ventricle mass in 15
years long study [20, 42, 43 ]. Although EH
was not diagnosed in people included into the
study, authors concluded that almost all analyzed
SNPs as well as sexual and racial factors influ-
ence on blood pressure. Single genome-wide
association study identifies some SNPs and their
relationship with the blood pressure in adoles-
cents — Canadian researchers identified 3 loci
in following genes that are associated with high
blood pressure: PAX5, MRPS22, and FTO [31].

In the current work we have studied the fre-
quencies of SNPs in groups of genes involved
into regulation of vascular tone (NOS3, AGT,
ACE, AGTRI, NPPB) and also of extracel-
lular (42M, MMP2, MMP9) and intracellular
(LMP2, LMP7, PSMAG6) proteolysis, of hypoxia
response (HIF1A4), metabolism (PPARG), and
DNA repair (XRCC1I) in children with EH and
in people with normal blood pressure. We used
the integrative analytical approach aimed to
evaluate the role of SNPs as genetic basis of pre-
disposition to EH and created predictive model
for EH. It includes 2 SNPs: MMP9 (C-1502-T)
and NOS3 7 exon (Glu,,,—Asp), that represent
2 main independent effects with the highest
predictive potential.

MATERIAL AND METHODS

Contingent under the Study: Essential Hyper-
tension Group and Control Subjects
Children with diagnosed EH ranged in age
from 9 to 17 years (145 subjects) were included
into the study. Each participant’s parents of the
study provided written informed consent, and
study protocols were approved by the institu-
tional review boards of Bogomoletz Institute
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of Physiology. All members of 24-hour blood
pressure monitoring (BPM) was carried out on
5-7 day of in-patient examination using the pres-
sure monitors « ABPM-04/M» («MEDITECH»,
Hungary) with humeral cuff. Evaluation of BPM
data has been realized by commonly accepted
approach [44]. The complete clinical examina-
tion of patients was carried out according to
the recommendations of the European Society
of Hypertension, including estimation of renal
function (ultrasonic scanning of kidneys, and
urine analyses) to exclude the secondary hy-
pertension [27]. While suspecting in patients
the renal etiology of hypertension (propen-
sity to increased diastolic blood pressure, night
type of hypertension), we carried out the renal
dynamic scintigraphy with *°™Tc-diethylene
triamine pentaacetic acid and *°™Tc-S-benzoyl
mercaptoacetyltriglycine in scintillation gamma
cameras PHO Gamma LFOV (“Searle”, Hol-
land). Glomerular filtration rate in examined
patients for each kidney was ranged from 38 to
98 mL/min, average (X£SD) — 54,3+17,2 mL/
min; standardized — 56 — 144 mL/min, average
—105,2+24,9 mL/min.

Clinically healthy children (144 subjects)
were included in control group, examination of
them by anamnesis taking, electrocardiography
and blood pressure measurement was carried out
to confirm absence of cardiovascular pathology.

Genotyping

Blood samples were taken under sterile condi-
tions into 2,7 mL manovettes containing EDTA
potassium salt as an anticoagulant (“Sarstedt”,
Germany), or buccal epithelium was taken
using buccal brushes with the following
freezing of samples and their storage at -20°C.
DNA for genotyping was extracted from the
samples using Isogene kits (Russian Federation)
according to manufacturer’s protocol. PCR with
subsequent analysis of restriction fragment
length polymorphism (RFLP) was used to
determine the SNPs set forth below: NOS3
promoter (T-7#—C) by methodic proposed
by Ghilardi G. et al. with our modifications
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[12], NOS3 7 exon (Gluyg,—Asp) [15], AGT
(Met,;s—Thr) and AGTRI (A''%—C) [4],
NPPB promoter (T-381—C) [30], 42M 5" splice
site of exon 18 [6], A2M (lle ,,,— Val) [55],
MMPY (C1502-T) [18], LMP2 (Arg,,—His)
and LMP7 (Lys,,—Gln) [50], HIFIo. exon
12 (C'"4—T) [38], PPARG (Pro,,—Ala) [2],
XRCCI (Arg,y—Gln) [26]. Insertion/deletion
polymorphisms of NOS3 intron 4 and ACE
intron 16 were determined by Wang X.L. et al.
and Evans A.E. et al. correspodingly [11, 51]. To
detect MMP2 C-3% T we used the allele-specific
PCR [34]. Real-time PCR and Tag-Man Assays
was used for allelic discrimination in SNP PSMA6
(C8—G) TagMan® SNP Assay C 11599359 10
and 7500 Fast Real-time PCR System (Applied
Biosystems, Foster City, USA) [48].

Statistical analysis
Clinical data (table 1) was tested for normally
distribution using Shapiro-Wilk test and
assumption of equality of variances was analyzed
with the help of Levine test using SPSS ver. 17.0.
Online Encyclopedia for Genetic Epidemiology
studies was used to examine Hardy-Weinberg
equilibrium. Odds ratios for every single SNP
were calculated using SPSS ver. 17.0.
Complex multifactoreal statistical analysis
was performed in 3 steps to access the independ-
ent main and interaction effects of the studied
SNPs. In the 1% step we used a random forest
algorithm [46]. Random forests can accommo-
date thousands of independent variables and have
been demonstrated to be among the most accurate
statistical learning machines, and are capable of

generating useful scaling of importance among
predictors. Analyses were performed using the
Random Forest as given in the R library.

To find out OR (odds ratios) associated with
each predictor, to detect main effects of the most
important SNPs chosen by random forest and to
reveal what genotypes are associated with an
increased risk of essential hypertension, we used
a binary logistic regression (performed in SPSS
ver. 17.0) in the 2" step of statistical analysis.

Finally, in the 39 step, we used a non-para-
metric approach such as Multifactorial Dimen-
sionality Reduction (MDR) software (version
2.0) to detect the interaction effects of the
studied SNPs and find out the best model with
the highest predicting potential. MDR is a data
reduction method that seeks the possibility to
identify combinations of multilocus genotypes
that are associated with either high risk or low
risk of disease. We selected the best MDR model
as the one with the maximum testing accuracy.
A testing accuracy of 0,5 is expected under the
null hypothesis. Statistical significance was
determined using 1000-fold permutation tests.
The MDR results were considered statistically
significant at the P < 0,05 level.

RESULTS

Hardy-Weinberg and chi-square analysis. Data
on frequencies of studied SNPs for the group of
controls vs. children with EH are summarized
in table 2. Frequency distribution of genotypes
of all analyzed SNPs were in Hardy-Weinberg
equilibrium.

Table 1. Basic characteristics of the individuals involved in the study

Parameter Control EH
(n=144) (n=145)
Sex, male/female 97/47 103/42
Age, years + SD 13.7+1.12 14.3+1.62
BMI, kg/m? £ SD 19.3+3.44 23.0£4.26
SBP, mm Hg + SD 107.5 + 6.86 128.8 +£7.94 *
DBP, mm Hg + SD 68.4+6.13 74.8 +8.82

BMI — body mass index, SBP — systolic blood pressure, DBP - diastolic blood pressure, SD — standard devia-

tion. * - P<0.05
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Chi-square test. Distribution of genotypes of
studied SNPs in children with EH and healthy
people (odds ratios with 95% confidence inter-
vals) is summarized in table 3.

Random forest analysis. Importance index
of 14 analyzed SNPs is summarized in figure
1. It can clearly show that MMP9 is the most
important predictor followed by NOS3 7 exon
(Glu,gs—Asp) SNP and then NOS3 promoter
(T-8¢—C) and AGTRI (A''%°—C). The result
of the application of the method suggested by
Strobl et al. regarding the reduction of the un-
important predictors is shown in figure 1 (SNPs
located to the left of the vertical dashed line).
The prediction accuracy for the OOB was 73%.

After selecting the most important predictors
we wanted to compare the OOB error rate if only
these 4 SNPs are included in the model. Random
forest model was built again with 1000 trees and

2 random variables available at each node split.
The OOB prediction accuracy did not change at
all (73%).

Logistic regression analysis. To detect the
main effects of 4 most important SNPs selected
by random forest and to reveal the genotypes
associated with an increased/decreased risk
of EH, we used a binary logistic regression
(“block enter” method) but only with the 4 SNPs
selected by random forest. The prediction ac-
curacy of logistic regression with 4 predictors
was 79.5% and coefficients of logistic regression
along with odds ratios, confidence intervals are
shown in table 4. The obtained results suggest
that only MMP9 (C-'3%2—T) and NOS3 7 exon
(Glu,yq—Asp) are significantly associated
with EH while NOS3 promoter (T-78—C) and
AGTRI (A'%—(C) did not reach statistical
significance. Genotype C/T (MMP9 (C-132—T))

Table 2. Percentage distribution of genotypes of studied SNPs in children with essential hypertention

and healthy people
GENES (POLYMORPHISMS) GENOTYPES
REFERENCE SNP ID ’ AA Aa e

Control EAH Control EAH Control EAH
NOS3 (T78—C), rs2070744 40,7 44.4 53,2 40,7 6,1 14,9
NOS3 (Glu,g—Asp), 1s1799983 31,1 447 64,5 41,3 4,4 14
NOS3 (4a/4b) 62,9 68,6 32,8 24,1 4,3 7,3
ACE (1/D) 27,6 18,8 51,7 58 20,7 23,2
AGT (Met,,s—Thr), rs699 19,8 27,4 57,5 49 22,7 23,6
AGTRI (A'1%0—(C), 155186 53,1 52,3 39,9 37,4 7 10,3
NPPB (T33! —(C), rs198388 48 34,8 33,7 46,7 18,3 18,5
A2M (Ile ,,— Val), rs669 43,8 35,5 44,5 51 11,7 13,5
A2M (I/D), rs3832852 47 78,8 433 19,7 9,7 1,5
MMP2 (C'13%5T), 15243865 49 50 45 46,1 6 3,9
MMP9 (C13%2—T), 1s3918242 64 73,8 34,9 22,6 1,1 3,6
LMP2 (Argg,—His), rs17587 63,7 42,2 28,7 45,7 7,6 12,1
LMP7 (Lys,4—Gln), rs2071543 97,5 92,5 2,5 7,5 0 0
PSMA6 (C8—G), 151048990 72 76,5 28 21 0 2,5
HIF1A4 (C'7%—T), rs11549465 80 86,3 20 13 0 0,7
PPARG (Pro ,—Ala), 1s3856806 64,9 60 31,1 38,6 4 1,4
XRCCI (Arg,y—Gln), rs25487 36,2 44 48,3 42,1 15,5 13,9
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Table 3. Distribution of genotypes of studied SNPs in children with essential hypertention and healthy people. Odds

ratios with 95% confidence intervals.

Polymorphism Genotype Odds Ratio and 95% CI

AA 1(ref)

NOS3 (T8 —C) Aa 1.464 (0.854 - 2.521)
aa 0.472 (0.170 - 1.230)
AA 1(ref)

NOS3 (Glu,g,—Asp) Aa 2.184 (1.215 - 3.927)
aa 0.457 (0.149 - 1.576)
AA 1(ref)

NOS3 (4a/4b) Aa 1.494 (0.715 - 3.121)
aa 0.712 (0.178 - 2.790)
AA I(ref)

ACE (I/D) Aa 0.611 (0.311 - 1.216)
aa 0.612 (0.265 - 1.433)
AA I(ref)

AGT (My;—T) Aa 1.586 (0.745 - 3.151)
aa 1.490 (0.559 - 3.433)
AA 1(ref)

AGTI (A'1%°—C) Aa 1.012 (0.567 - 1.888)
aa 0.732 (0.244 - 2.180)
AA 1(ref)

NPPB (T#¥1-(C) Aa 0.519 (0.301 - 0.877)
aa 0.683 (0.351 - 1.431)
AA 1(ref)

A2M (Ile o~ Val) Aa 0.699 (0.397 - 1.229)
aa 0.732 (0.344 - 1.689)
AA I(ref)

A2M (1/D) Aa 3.61 (1.966 - 6.585)
aa 7.801 (1.703 - 35.91)
AA 1(ref)

MMP2 (C1300T) Aa 1.009 (0.565 - 1.890)
aa 1.452 (0.369 - 5.709)
AA 1 (ref)

MMP9 (C1392-T) Aa 1.793 (1.019 - 3.157)
aa 0.346 (0.041 - 2.722)
AA 1(ref)

LMP?2 (Arg,,—His) Aa 0.461 (0.259 - 0.679)
aa 0.443 (0.138 - 1.008)
AA 1(ref)

LMP7 (Lys,4—Gln) Aa 0.343 (0.07 - 1.679)
aa NA
AA 1(ref)

PSMA6 (C8—QG) Aa 1.440 (0.874 - 2.373)
aa 0.199 (0.210 - 1.751)
AA 1(ref)

HIFI1A4 (C'%—T) Aa 1.540 (0.715 - 3.340)
aa NA
AA 1(ref)

PPARG (Pro ,—Ala) Aa 0.749 (0.430 - 1.307)
aa 2.401 (0.401 - 12.989)
AA 1(ref)

XRCC1 (Arg;yy—Gln) Aa 1.411 (0.719 - 2.757)
aa 1.408 (0.601 - 4.015)
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XRCCI (Arg,,;-Gln)-
PSMAG6 (C3-G) -
PPARG (Pro,,-Ala) -

"I'

NOS3 (T7*-C) -
NOS3 7 (Glu,-Asp)-
MMP9 (C155-T) -
MMP2 (C13%.T) -
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ACE I/D -
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Fig. 1. Variable importance graph of 14 SNPs indicates that 4 SNPs (MMP9 (C1302—T), NOS3 promoter (T-73°—C), NOS3 7
exon (Gluyy,—Asp), AGTRI (A''®*—C)) achieved maximum importance score by crossing the vertical dashed line

is associated with the 7,6-fold increased
risk of EH (OR = 7,579; 95% CI — 2,390 —
24,033) while genotype Glu/Asp (NOS3 7
exon (Glu,y,—Asp)) is associated with 5.5-
fold decreased risk of EH (OR = 0,182; 95%
CI - 0,052 — 0,643). So we decided to build
another model with only these 2 predictors and
compare the results. The prediction accuracy

of logistic regression with 2 predictors was
77,1% and coefficients of logistic regression
along with odds ratios, confidence intervals are
shown in table 5. By removing 2 insignificant
SNPs the prediction accuracy of the model
decreased only by 2% so we consider this loss
as insignificant and conclude that the most
important predictors are (MMP9 (C1362—T)

Table 4. Results of logistic regression with 4 SNPs in the mode

- 95% CI  95% CI
SNP Geno-type C(r)zgfsfir;;()f \K]t?ls(:iz;a_ -v;ue OR for OR for OR
lower upper
MMP9 c/T 2,010 11,536 ,001 7,47 2,34 23,82
(C-15627) /T 21,668 6,06 x 107,999 2,57x 10°
NOS3 promoter 7/C -,3454 ,316 ,574 ,708 ,21 2,36
(T7%—C) c/C 1,795 3,324 ,068 6,02 87 41,42
NOS3 7 exon Glu/Asp -1,595 6,092 ,014 ,203 ,057 ,72
(Gluyyg—Asp) Asp/Asp 2,01 1,633 ,201 134 ,006 2,92
AGTRI A/C ,925 2,339 ,126 2,52 77 8,25
(A11*—C) c/c ,506 179 ,673 1,66 16 17,35
Constant ,125 ,037 ,848 1,133
OR — odds ratio, CI — confidential interval
ISSN 0201-8489 Dision. scypu., 2013, T. 59, Ne 6 17
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and NOS3 7 exon (Glu,,,—Asp) as sugges
by logistic regression.

Multifactorial dimensionality reduction
proach. To detect the interaction effects of

studied SNPs we used a non-parametric MDR

ted approach. MDR software has selected the 2 SNPs

(MMP9(C15%2—T) and NOS3 7 exon (Glu,—Asp)
ap- for the best model with the highest predictive poten-
the  tial (with testing accuracy of 74.6%, cross-validation

Table 5. Results of logistic regression with 2 SNPs in the model.

consistency 9 of 10 and P < 0,05). MDR software

Geno- Coefficient Wald p 95% CI  95% CI
SNP of regres- . OR for OR  for OR

type . statistics  -value

sion lower upper
MMP9 C/T 2,109 13,282 ,000 8,24 2,65 25,63
(C12-T) /T 21,648 6,5x107 999  2,5x10°
NOS3 7 exon Glu/Asp -1,760 7,747 ,005 ,17 ,05 ,59
(Gluygg—Asp)  Asp/Asp -1,450 1,480 ,224 24 ,02 2,42
Constant ,606 1,493 ,222 1,95

OR — odds ratio, CI — confidential interval

indicated that MMP9 (C'362—T) and NOS3 7 exon
(Glu,gg—Asp) have very weak interaction effect and

BNP
0,27%

321% R,

0,44%

0,36%1,83% e NOST86

5,23%
F N

represent 2 main effects as
regression (figure 2).

0.43%)

suggested by logistic

Fig. 2. SNPs interaction graph-model. This interaction model describe the percent of the entropy that is explained by each factor.
Each SNP is shown in a box with the percent of entropy below the label. A2 — A2M (Ile, ,,,— Val), BNP— NPPB (T ! —C), MMP9
— MMP9 (C1562-T), NOS298 — NOS3 (Glu, o —Asp), NOS786 — NOS3 (T78—C), ACE — ACE (I/D). Interactions between
SNPs are depicted as lines in different intencity of gray color. Synergy is depicted as a dark gray line between SNPs accompanied
by a positive percent of entropy while redundancy is indicated as a light gray line accompanied by a negative percent of entropy
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DISCUSSION

The main goal of the present study was to create
the predictive model for evaluation of predispo-
sition to essential arterial hypertension (EH) in
children. We have analyzed 14 SNPs in patho-
physiologically meaning genes and created the
model of two predictors: NOS3 (Glu,ys—Asp)
and MMP9 (C-132T).

Interpretation of the role of SNPs in patho-
genesis of EH seems to be easy when it concerns
genes, directly involved in regulation of blood
pressure. For example, we speculate that car-
riers of rare genotypes by SNPs in gene NOS3
are more predisposed to EH. Because they are
characterized by lower level and/or catalytic
activity of eNOS, and correspondingly NO, that
leads to impaired vasodilatation [23, 32, 41, 49].
But in our study we have shown that rare allele
of NOS3 (Glu,y,—Asp) is protective against
EH — carriers of Glu/Asp genotype has 6.3-fold
lower risk of EH comparing with carriers of Glu/
Glu genotype. Furthermore, the functional role
of'this SNP is not clear that additionally tangles
the interpretation of obtained results.

The most powerful influence on risk of EH
in children we have found for MMP9 (C-13%>—T)
— C/T genotype carriers are 8.6-fold predisposed
to EH than C/C carriers. We did not include
C/C genotype by MMP9 (C-152—T) into our
model because of its absence in group of con-
trols, however, its appearance in hypertensives
is approximately 4,0 %. It let us to consider the
persons with this genotype at higher risk of EH.

Functional studies of MMP9 (C-1592—T)
have estimated that each T-allele is associated
with enhanced gene transcription, and as a result
increased level and activity of MMP9. Informa-
tion concerning the role of SNPs in genes of
matrix metalloproteinases, including MMP9, was
obtained in studies on atherosclerosis and coro-
nary heart disease [1, 54]. Relationship between
atherosclerosis and hypertension in adults is not
a surprise but in our case we can see significant
differences of alleles distribution in hypertensive
vs. controls among children, while they do not
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have prominent atherosclerotic lesions but only
endothelial dysfunction can be observed.

Different studies have shown both increased
[47] and decreased [56] level of active MMP9 in
hypertensives’ plasma compared to controls. How-
ever, the role of this SNP has been shown to be a
risk factor of atherosclerosis and coronary heart
disease [1, 54], but the data for EH are absent.
Recent data show the meaning of MMPs in athero-
sclerosis as well as in high blood pressure-related
vascular remodelling [35, 53]. Furthermore, O.
Dumont et al. have shown that NO is necessary
for MMP9-mediated vascular remodelling that
can shad the light on enigma of protective effect
of NOS3 (Glu,,,—Asp) SNP against EH. Hence,
it is not possible to make the final conclusion
about the mechanism of MMP9 SNP realization
in pathogenesis of EH in children.

The role of SNP in NPPB is even harder
to explain because the rare allele is character-
ized by higher level of BNP in blood, while
comparing with major allele carriers, by 25%
for each minor allele [24]. Taking into account
the predominance of opinion about vasodilator
and protective role of natriuretic peptides [33],
our results about the predominance of minor
allele in patients with EH seem to be illogical.
However, for the recent time the information
about competitive relations between systems of
natriuretic peptides and NO-dependent pathway
has appeared [28], furthermore, the congenital
and permanent increase of BNP level can lead
to desensitization of its receptors.

We have obtained absolutely new data on
the role of SNPs in genes encoding proteasome
subunits in predisposition to EH [14]. Pre-
existing insight rated SNPs in LMP2 only as
markers of autoimmune pathology but our data
directly denote the association of minor allele
with risk of EH. The most prominent differences
concern the rate of heterozygous carriers among
EH vs. controls. This fact seems to be more
interesting if to take into account our previous
investigations concerning functional meaning of
LMP2 (Argy,—His) [8]. Our results show that
the highest proteasomal activity is inhered to
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monocytes isolated from blood of heterozygous
carriers LMP2 ) Arg/His, and the lowest — from
homozygous carriers of minor allele LMP2,
His/His. The functional study of PSMA6 C—G
demonstrated that the transcription activity of
this gene is much higher in carrires of minor
allele [36]. It is noticeable that a6-subunit is
constitutive and essential component of protea-
some and furthermore, for immunoproteasome,
which can both generate immunogenic peptides
and destroy endogenic proteins [13].
Ubiquitous meaning of proteasomal prote-
olysis in nearly all intracellular pathways makes
the analysis of its role and polymorphisms in
genes of its subunits in regulation of vascular
tone very intricate. One of the fundamental
regulators of vascular tone is endothelial NOS
which according to our data is also degraded via
proteasomal proteolysis. So, the expected higher
activity of proteasome in patients with EH hypo-
thetically can facilitate the degradation of eNOS
and lead to reduction of the strongest vasodila-
tor — NO. But the situation is more complex
because inhibitors of eNOS has much higher
compliance to proteasomal proteolysis than
eNOS itself [9]. Furthermore, the low doses of
proteasome inhibitors activate NOS3 transcrip-
tion and activity of eNOS in cultured endothe-
lial cells [45]. For the recent years it has been
shown that proteasome destroy the molecules
of stromal interaction that are the fundamental
factors of realization of bradykinin-dependent
outflux of calcium from endoplasmic reticulum
activating eNOS as calcium-dependent enzyme
[57]. Physiological antagonist of bradikinin
— angiotensin II influence the regulation of
calcium ions outflux from endoplasmic reticu-
lum via stimulating the proteasome-dependent
degradation of inositol-3-phosphate receptor [3].
Another mechanism of angiotensin II action on
vascular wall is concerned with stabilization of
hypoxia inducible factor (HIF) that is degraded
by proteasome under the normal conditions. It
turned out to be that angiotensin II can prevent
the degradation of HIF by proteasome [37],
and this transcriptional factor is considered to
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stimulate the expression of “antihypertensive”
genes because its knockdown was shown to cause
the experimental hypertension onset [25]. Thus,
increased activity of proteasome due to genetic
variability may facilitate the high blood pressure.

Analysis of the role of single-SNP-based
analysis in EH pathogenesis by our opinion is not
informative enough because of multigenic char-
acter of this pathology. Only complex evaluation
of different variable genes can give the answer
about the endogenous predisposition for disease,
which in combination with environmental factors.

Analysis of the role of single-SNP-based
analysis in EH pathogenesis by our opinion is
not informative because of polygenic character
of this pathology. For example, the considera-
tion of Welcome Trust genome-wide association
study of essential hypertension of only one SNP
as predisposing to EH cannot be conclusive.
Furthermore, this SNP (rs1937506) is located
in locus predicted as olfactory receptor and the
protocadherin 9 isoform 1 precursor genes [10].
Their role in regulation of blood pressure has not
physiologically substantiated [22]. At the same
time the SNPs in genes involved in pathogenesis
of arterial hypertension are not shown as signifi-
cant in GWAS. Furthermore, only one GWAS is
dedicated to the problem of arterial hypertension
in adolescent and its results differ from that in
adults [32, 16, 17, 52]. In our opinion, these data
indicate that genetic risk factors EH in children
differ from those in adults. This problem should
notice attention due to specificity of early onset
of hypertension. Only complex evaluation of
different variable genes can give the answer
about the endogenous predisposition for disease.

In conclusion, the integral statistical analysis
of our results gave us the possibility to create
the predictive model including 2 SNPs: MMP9
(C1562-T) and NOS3 7 exon (Glu,g,—Asp)
which represent 2 main independent effects with
the highest predictive potential (77,1% as indi-
cated by binary logistic regression and 74,6%
testing accuracy shown by MDR) which requires
further validation and comparison with similar
results of other research teams, and additional
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clinical data should be included on the next
steps of researches aimed to create predictive
algorithm for determination of predisposition
to arterial hypertension in children.

C.B. T'onuapos, B.JI. I'yp’sanoBa, [1.0. Ctpoi,
T.I. IpeBunska, C.II. Kanincbkuii,

E.A. Hacrenko, M. JIuTBUHEHKO,

P.B. Tepaeubkuii, M.B. XaiitoBuy,

0.0. Moiidenko, B.€. /locenko

TEHETUYHA CXWJIBbHICTH IO IEPBUH-
HOI APTEPIAJIBHOI I'IIEPTEH3II ¥ TITEM:
AHAJII3 17 OMHOHYKJIEOTUJIHUX
MOJIMOP®I3MIB

VY 145 niteii 3 aprepianbHOIO rineprensieo ta 144 BigHOCHO
3I0POBHUX OCI0 3a JOMOMOTOI0 MOJIMEPa3HOi JaHIFOTOBOT
peakuii (IIJIP) 3 HacTymHUM aHami30M pecTPUKTOBAHUX
(¢parmenTiB Oymno Bu3HaueHO Taki momiMopdizmu: NOS3
(T78—C) ta NOS3 (Glu,o—Asp), AGT (Met,,s—Thr) Ta
AGTRI (AM%°—C), NPPB (T331—C), A2M /D y ex3oni 18 u
A2M (Lle, ,,— Val), MMPY (C162—T), LMP2 (Arg,,—His) Ta
LMP7 (Lys,y—Gln), 12-my exsoni HIFlo. (C'74—T), PPARG
(Pro,,—Ala), XRCCI (Arg,y,—Gln), 3a nonomororo TIJIP
— iHCepuilHO-/eneniiiHi nomiMophizMu 4-ro IHTPOHY TeHa
NOS3 ta 16-ro inTpony rena ACE; anenb-cnenngiunoi [1JIP
— MMP2 (C13%—T), Ta IJIP y peansnomy yaci — PSMAG
(C%—G). larerpanbHuii CTATHCTHYHME aHAJI3 OTPHMAHUX
pe3ynbTaTiB JaB 3MOTY CTBOPUTH IPEIUKTHBHY MOJEIb,
IO BKIJIIOYAE J[BA OIHOHYKJICOTHIHI momiMopdizmu: MMP9
(C1525T) ta NOS3 (Glu,yge—Asp), WO SBIIOTH 0000 2
TOJIOBHI He3alexXHi e()eKTH 3 HaHOIIBIIO MPEAUKTUBHOIO
cuinoto (77,1% 3a pesynsraramu OiHApHOI JIOTiCTHYHOI pe-
rpecii Ta 74,6% 3a pe3yabpTaTaMu MEeTOLy 6arato(pakTopHOTO
3MEHILIECHHS PO3MIPHOCT).

Knro4oBi cioBa: 0qHOHYKIEOTHAHMIA ONIMOP(]i3M, TeHETHKA,
rimeprensis.

In-m gpizionoeii im. O.0. Bozomonvys HAH Yxpainu, Kuis;

Hay. meo. yn-m im. O.0. bocomonvys, Kuis

C.B. T'onuapos, B.JI. I'ypsanoBa, /I.A. Ctpoii,
T.A. IpeBunkas, C.I1. Kanaunckuid,

E.A. Hacrenko, M. JIuTBUHEHKO,

P.B. TepJueukuii, M.B. XaiiTtoBu4,

A.A. Moiioenko, B.E. /locenko

TEHETUYECKAS ITPEJIPACITIOJIOKEH-
HOCTDb K IEPBUYHOM APTEPUAJIBHON
TUIIEPTEH3UH Y JETEM: AHAJIN3 17
OIHOHYKJIEOTH/IHBIX IIOJITMMOP®HU3MOB

YV 145 nereii ¢ aprepuanbHOl Tuneprensueid u 144 otHo-
CHUTEJIBHO 3JI0POBBIX JE€TEH C MOMOIIbIO MOIUMEPA3HON
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uenHoi peaxkuuu (ITLP) ¢ mocaenyrommm aHaau3om pec-
TPUKIHOHHBIX (ParMeHTOB ObUTH ONPEIEICHBI CIIENYIOIINe
OJHOHYKJIEOTHIHbIe monuMopduimel: NOS3 (T780—C)
u NOS3 (Glu,ye—Asp), AGT (Met,,,—Thr) n AGTRI
(A1), NPPB (T8 —C), A2M 1/D B ox30He 18 u A2M
(Ile, oo Val), MMP9 (C1562T), LMP2 (Arg,,—His) u
LMP?7 (Lys,;y—Gln), 12-m sk3one HIFI—(C'7*—T), PPARG
(Pro,,—Ala), XRCC! (Arg,—Gln), c nomorpro [P — un-
CePLMOHHO-/ICTICLIOHHbIE TTOIUMOP(U3MBL B 4-OM MHTPOHE
reHa NOS3 u 16-m untpone reHa ACE; amenb-creruduae-
cxoit TTIP — MMP2 (C 3% T), u TILIP y peanbHOM BpeMeHH
— PSMA6 (C8—G). UHTerpanbHblil CTATUCTUUECKUI aHATTH3
HOHy‘[eHHbIX pesyanaTOB ITO3BOJIMJI CO34aTh NPEAUKTHUBHY O
MOJIeJTb, BKJIFOUAIOIIYIO 2 OTHOHYKIICOTUIHBIX MOIUMOP(H3-
ma: MMP9 (C32—T) u NOS3 (Glu,g—Asp), npencras-
Jstrolye 2 IIaBHble He3aBHUCUMBIC Y deKThl ¢ HauOobIIeH
npeaukTuBHOU cuioit (77,1% 1o pesynbraTaMm OMHAPHON
JIOTHCTHYECKO perpeccun u 74,6% 10 pesynprataM MeTona
MHOTO(AaKTOPHOTO YMEHBIICHHS Pa3MEPHOCTH).

KitroueBble ci10Ba: OTHOHYKJICOTHAHBII TOIUMOP(HH3M, TeHe-
THUKa, TUIICPTCH3US.
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