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BACKGROUND

The GTPase Rac1 has been implicated in hypertension as a modula-
tor of mineralocorticoid receptor activity. Our aim is to investigate the
frequency of polymorphisms rs10951982 (intron 1, G>A) and rs836478
(intron 3, T>C) in the RACT gene and perform association studies with
clinical and biochemical parameters in a Chilean pediatric cohort.

METHODS

Two hundred two normotensive (NT) subjects (aged 4-16 years) were
divided into 2 groups: NT subjects with hypertensive parents (NH;
n = 103) and NT subjects with NT parents (NN; n = 99). We measured
markers of inflammation (high-sensitivity C-reactive protein, inter-
leukin 6 (IL-6), interleukin 8, and tumor necrosis factor a), endothelial
damage (Plasminogen activator inhibitor-1 metalloproteinase-9, and
metalloproteinase-2), and oxidative stress (malondialdehyde). Data
were expressed as median and interquartile range (IQR).

RESULTS

We found differences in polymorphism rs836478 (intron 3, C>T) in both
genotypic (x? = 15.2, 2df; P = 0.0005) and allelic (X>=5.5, 1df; P = 0.01)
frequencies in NH vs. NN subjects. NH subjects with a TT genotype

The prevalence of hypertension in children has increased in
the world over the last 20 years, most likely because of the
dramatic increase in childhood obesity.! However, genetic
and environmental factors may also explain the increased
prevalence of hypertension in children.??

Hypertension is a known risk factor for cardiovascular
disease (CVD) in adults, and the presence of childhood
hypertension may contribute to the early development of
CVD. Patients with severe cases of childhood hypertension
are also at increased risk of developing hypertensive enceph-
alopathy, seizures, cerebrovascular accidents, and congestive

showed increase MMP9 expression (median = 2.3, IQR - 1.6-3.2; vs.
median = 1.6, IQR = 1.6-2.3 AU; P = 0.01) and lower IL-6 expression
(median = 8.8, IQR = 7.0-11.8; vs. median = 12.1, IQR = 8.2-14.7 pg/
ml; P = 0.02) compared with subjects with TC/CC genotype. No dif-
ference in the allelic frequency distribution was seen in the polymor-
phism rs10951982 (NH vs. NN: x,=0.2, 1df; P = 0.6). For this SNP, NN
subjects with GA/AA genotype showed decreased diastolic BP indexes
compared with subjects with native GG genotype (median = 1.08,
IQR = 1.0-1.2; vs. median = 0.99, IQR = 0.94-1.1; P = 0.02).

CONCLUSIONS

We report the frequency of polymorphisms rs836478 and rs10951982
of the RACT gene in a Spanish-Amerindian cohort. The polymorphism
rs836478 was associated with an increased expression in markers of
inflammation and endothelial damage (MMP9 and IL-6) in pediatric
subjects with a hypertensive genetic background.
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heart failure. Based on these observations, early detection
and treatment in children with hypertension should improve
the long-term complications of hypertension.

Fifteen years ago it was estimated that the prevalence of
hypertension in children and adolescents was 1%. However,
recent research indicates that the prevalence has risen danger-
ously worldwide. In 2011, our group identified a hypertension
prevalence of 13.6% in a cohort of Chilean pediatric subjects.*
Considerable efforts have been made in recent years to iden-
tify genetic components that contribute to the development
of hypertension. Among various mechanisms involved in
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blood pressure regulation, mineralocorticoids have a crucial
role in maintaining the homeostasis of salt, water, and vascu-
lar tone through the renin-angiotensin-aldosterone system.
Aldosterone activates the mineralocorticoid receptor (MR)
in epithelial tissues and regulates the sodium transport. The
aldosterone/MR complex could also contribute to an inflam-
matory response, which is characterized by vascular infiltra-
tion of immune cells, oxidative stress, and proinflammatory
cytokine production and contributes to the damage in renal,
heart, and vascular tissue. Although several research groups
have proposed that MR biological activity is influenced by
factors other than aldosterone, recent studies have revealed
a cross-talk between Racl, a small GTP-binding protein, and
MR activation independent of aldosterone, which would be
associated with the development of salt-sensitive hyperten-
sion and cardiovascular damage.’

Racl is a member of the Rho family of GTPases, and it
cycles between an inactive GDP-bound and an active GTP-
bound state.® The primary Racl transcript gives rise to 2
messenger RNAs: Racla (1.2 kD in size) and Raclb (2.5
kD in size).” Racla is stabilized in its GDP-bound form in
the cytoplasm through an interaction with Rho-GDL8 The
Raclb isoform is a variant product that contains an addi-
tional 57 nucleotides, resulting in an in-frame insertion of 19
new amino acids.” Unlike Racla, the Raclb isoform displays
a faster GDP/GTP exchange rate, does not bind Rho-GDI,
and does not require external stimulus for activation, and is
therefore constitutively bound to the plasma membrane.*10

Racl is part of the NADPH oxidase complex, which
induces the generation of reactive oxygen species, such as
superoxide (O,”) and hydrogen peroxide (H,0,), which lead
to increased oxidative stress, alterations in the cell mem-
brane, and endothelial damage. In fact, oxidative stress has
been shown to play a key role in cardiac pathologies associ-
ated with MR,!! possibly through the activation of nuclear
factor B (NF-kB), an important transcription factor of
many proinflammatory cytokines.!”> However, few reports
investigate the regulation of Racl expression through an
MR-dependent mechanism in renal disease.

The importance of inflammation and oxidative stress in
human cardiovascular disease is supported by studies from
Zalba et al.,’® who demonstrated that polymorphisms in
NADPH oxidase subunits are associated with increased ath-
erosclerosis and hypertension. However, hypertension has
not been associated with polymorphisms in the RACI gene,
but as observed previously, it has been proposed that altera-
tions of Racl, by impairment of its activity, in its expression,
or of its associated proteins (e.g., GEFs), could influence
susceptibility to diseases such as renal and/or cardiac fail-
ure or hypertension.' Racl is implicated in a variety of dis-
eases, and it is known that single nucleotide polymorphisms
(SNPs) may confer disease susceptibility, as well as deter-
mine the disease severity and progression. In 2011, a study
genotyping the polymorphism rs10951982 (G>A) located
in intron 1 of RACI was conducted in a European cohort,
which demonstrated a decrease in RACI gene expression in
peripheral leukocytes.!®

In this study, we evaluated 2 polymorphisms in the
RACI gene (NG_029431) that could affect the Racl pro-
tein expression and then determined the association of both

300 American Journal of Hypertension 27(3) March 2014

polymorphisms with hypertension, endothelial damage, and
inflammation in a Chilean pediatric population.

METHODS
Subjects

This study was designed as a cross-sectional study. Chilean
children and adolescents of both sexes, ranging in age from
4 to 16 years, were invited to participate. We recruited 202
normotensive pediatric subjects with lower-middle, middle,
and high socioeconomic status.

Trained nurses measured the blood pressure (BP) and
heart rate in all subjects. Three measurements were obtained
from the right arm at consecutive 5-minute intervals using
an oscillometric method (Dinamap CARESCAPE V100;
GE Healthcare, Medical Systems Information Technologies,
Milwaukee, WI) with the subjects in a seated position. This
measurement was performed with a cuff and bladder that
were size-adjusted to the subject’s upper-arm girth accord-
ing to the published recommendations.!®!” Normotension in
children was defined as an average systolic BP (SBP) and/or
diastolic BP (DBP) <90th percentile for sex, age, and height.
The BP index was determined using the observed BP/50th
percentile BP level for sex, age, and stature using the normal
values reported.'® In adults, normotension was considered to
be at least 2 different measurements of BP <140/90 mm Hg.
Two subgroups of subjects were defined according to the BP
of their parents: normotensive children with hypertensive
parents (NH; n = 103) and normotensive children with nor-
motensive parents (NN; n = 99). Clinical characteristics of
subjects involved in the study are described in Table 1.

Normotensive subjects in this study have an ethnic origin
of Spanish/white-Amerindian. Briefly, the Chilean popula-
tion originated through a biracial mixture of genes originat-
ing from the Spanish conquerors and a gene pool derived
from the native Amerindians.!3%

The protocol followed in this study was written accord-
ing to the guidelines of the Declaration of Helsinki and

Table 1. Clinical characteristics of children stratified by
hypertension family history

Parameters NH NN
No. 103 99
Female 55.3 58.3
sex, %
Age, y 11.5 (9.2 t013.1) 10.65 (8.55 to 12.8)
Height, SDs 0.12 (-0.45t0 0.81) 0.35 (-0.32 to 0.83)
BMI, 81.0 (49.3t094.3) 80.25 (53.51 to 94.19)
percentile
SBP, index 1.04 (1.0 to 1.8) 1.03 (0.96 to 1.07)
DBP, index 1.08 (1.01t0 1.15)  1.05(0.98 to 1.14)

Values correspond to median (interquartile range). Mann—
Whitney test.

Abbreviations: BMI, body mass index; DBP, diastolic blood pres-
sure; NH, normotensive children with hypertensive parents; NN, nor-
motensive children with normotensive parents.
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approved by the Ethical Committee of the Faculty of
Medicine, Pontificia Universidad Catolica de Chile. The
study and protocol were explained to all participants, and
written informed consent was obtained.

Biochemical and hormonal analysis

A total of 202 healthy, normotensive children were enrolled
in the study. After an overnight fast, basal blood samples were
obtained between 8:00 and 10:00 AM. Serum aldosterone was
assayed using a commercial radioimmunoassay kit (Coat-A-
Count Kit; Siemens, Los Angeles, CA). Based on our previ-
ous reports in normotensive children, plasma renin activity
was measured by radioimmunoassay using a commercial kit
(DiaSorin, Stillwater, MN).2° The lower limit of the plasma
renin activity assay was 0.1 ng/ml/hour.?! Interleukin 6 (IL-6)
was measured with an enzyme-linked immunosorbent assay
(ELISA) using commercial reagents and standards according
to the manufacturer’s protocols (Bender Med Systems, Vienna,
Austria). Interleukin 8 and tumor necrosis factor a (TNF-a)
were measured with an ELISA using commercial kits (eBio-
science, Vienna, Austria). Plasminogen activator inhibitor-1
(PAI-1) was measured with an ELISA (HYPHEN BioMed,
Neuville sur Oise, France). Metalloproteinase-9 (MMP9)
and metalloproteinase-2 (MMP2) activities were estimated
by zymography, as described previously.?> The results are
expressed as arbitrary units of the number of changes with
respect to the reference plasma used as an internal control.
High-sensitivity C-reactive protein (hs-CRP) was measured
with a nephelometric assay (BN ProSpec Systems; Siemens
Healthcare Diagnostics Products, Marburg, Germany). The
malondialdehyde (MDA) measurement quantifies the thio-
barbituric acid-reactive compounds, as previously described.?®

At the same time, 12-hour nocturnal urine (between 7:00
pM and 7:00 Am) samples were collected. Total 12-hour urine
volumes were measured, and 50-ml aliquots were stored to
measure creatinine and sodium. Urinary creatinine was
measured by the Jaffe method with automated equipment
(Modular Analytics, Roche, Germany). We also calculated
the fractional sodium excretion. The serum, plasma, and
urine samples were stored at —70°C until analysis.

Genetic analysis

Genomic DNA was isolated from peripheral leucocytes
with the Lahiri method.?* Real-time polymerase chain reaction
(PCR) amplification of the intronic region (intron 1 and 3) of
the RACI gene was performed using the RotorGene 6000
instrument (Corbett Research, Sydney, Australia). Hybridizing
primers were designed to amplify both RACI gene poly-
morphisms: rs10951982, located in intron 1, and rs836478,
located in intron 3. The primer sequences used were as follows:
intron 1 (forward: 5-CAGCAGGCAGAGGTTGTGGTA-3%;
reverse: 5-CATGAGTCGGCTGGAAGAAAGTTC-3'; size:
258bp) and exon-intron 3 boundary region (forward: 5'-CGGT
GAATCTGGGCTTATG-3’; reverse: 5'- GCAAGTCCATAG
GTAACATG-3"; size: 163bp). The reaction mixture contained
12.5 Wl of sensimix High Resolution Melting (HRM) 2x, 1 pl
of EvaGreen fluorescent dye (both reagents as part of the

SensiMix HRM Kit; Bioline USA, Tauton, MA), 0.5 uM of both
forward and reverse primers, 0.5 ul Gotaq (GoTaq Colorless
Master Mix; Promega, Madison, WI), 2 ul of DNA (100ng/
ul), and nuclease-free water up to 25 pl of the final volume.
Three positive and negative controls were included (samples of
DNA with each of the known genotypes) in each run. Thermal
cycling consisted of an initial 8-minute hold at 95 °C, followed
by a 15-second hold at 95 °C, a 15-second hold at 56 °C, and
a 20-second hold at 72 °C for 40 cycles. Finally, the HRM step
consisted of a ramp from 70 °C to 95 °C, rising 0.15 seconds at
each step. Samples were analyzed with ClustalW software, and
sequences were confirmed by Sanger sequencing at Macrogen
(Seoul, Korea).

Data analysis

Differences in genotype frequencies in RACI polymor-
phisms were analyzed by x*>. A Hardy-Weinberg analysis
was performed to identify the correspondence between the
observed and calculated genotypes. The odds ratio (OR)
identified the probability of the presence of the less prevalent
allele, and a 95% confidence interval (CI) was used to estimate
the precision of the OR. The results were expressed as median
values (interquartile range (Q1-Q3)). The comparison
between subject groups was performed using the Kruskal-
Wallis and Dunn’s multiple comparisons tests with GraphPad
Prism version 5.0 software (San Diego, CA). Differences were
considered statistically significant at P < 0.05.

RESULTS

Identification and genotyping of RAC7 polymorphisms in
pediatric subjects

We successfully identified both rs10951982 and rs836478
SNPs in the RACI gene in Chilean normotensive subjects
using PCR-HRM technology. The PCR products, which
were further analyzed by HRM, displayed 3 different melting
curves that represented the 3 possible genotypes (homozy-
gous, heterozygous, and alternative homozygous): GG, GA,
and AA for the SNP rs10951982 and T'T, TC, and CC for the
SNP rs836478, respectively (Figure 1).

Frequency and genotype distribution

SNPrs10951982 in intron 1. The genotype distribution (GG,
GA, AA) of the SNP rs10951982 (intron 1) was similar among
subjects in the NH (68%, 30%, 2%, respectively) and NN
groups (64%, 31%, 5%, respectively), and the allelic frequency
distribution was also similar between both groups. We showed
that the 2 groups of subjects were in Hardy-Weinberg equilib-
rium. The minor allele frequency, in this case that of adenine
(A), was 0.17 and 0.20 for the NH and NN groups, respectively.
These data were then analyzed by the OR method, which did
not show any differences between the groups (Table 2).

SNP rs836478 in intron 3.  The genotype distribution
(TT, TC, CC) of the SNP rs836478 (intron 3) was different
among subjects in the NH (25%, 45%, 29%, respectively)
and NN groups (45%, 44%, 10%, respectively; P = 0.0005)
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Figure 1. Temperature curves by High Resolution Melting (HRM) of 2 polymorphisms of RACT gene. DNA was analyzed in 202 pediatric subjects by polymerase
chain reaction-HRM. (a) Single nucleotide polymorphism (SNP) rs10951982 (intron 1, RACT). Blue: native genotype (GG). Red: heterozygous genotype (GA). Coffee:
alternative genotype (AA). (b) SNP rs836478 (intron 3, RACT). Pink: native genotype TT. Purple: heterozygous genotype TC. Green: CC alternative genotype.

(Table 2). We showed that the 2 groups of subjects were in
Hardy-Weinberg equilibrium. The minor allele frequency,
in this case that of cytosine (C), was 0.52 in the NH group
and 0.32 in the NN group (Table 2). These data were also
analyzed by the OR method, and the differences between
groups were shown. The C allele occurred less frequently
in the NN group than in the NH group (OR = 0.576; 95%
CI=0.36-0.92).

Associations of clinical and biochemical parameters

Biochemical parameters were analyzed in 202 normo-
tensive children. We analyzed the association of polymor-
phisms with different clinical and biochemical parameters
and also with oxidative stress, inflammation, endothelial
dysfunction, and myocardial remodeling markers. The
results are shown in Tables 3 and 4. For the polymorphism
rs10951982 (intron 1), we found that NN subjects with GA/
AA genotypes had a lower diastolic blood pressure index
compared with NN subjects with the GG native genotype
(median = 1.0, IQR = 0.95-1.10; vs. median = 1.075, IQR
=1.01-1.16; P = 0.03) (Figure 2). However, we did not find
any significant differences in parameters tested in the NH
group (Table 3).

For the polymorphism rs836478 (intron 3), we found
that NN subjects with the alternative genotype (TT) had
increased PAI-1 expression levels compared with NN sub-
jects with the TC/CC genotype (median = 16.39, IQR =9.61-
26.64; vs. median = 12.49, IQR = 7.96-18.88 ng/ml; P = 0.04)
(Figure 2). In the NH group, subjects with the alternative gen-
otype (TT) had decreased IL-6 expression levels compared
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with NH subjects with the TC/CC genotype (median = 8.8,
IQR = 7.0-11.8; vs. median = 12.1, IQR = 8.3-14.6 pg/ml;
P =0.007) (Figure 2). MMP?9 activity was increased in NH
subjects with the TT genotype compared with NH subjects
with the TC/CC genotype (median = 2.3, IQR = 1.6-3.2; vs.
median = 1.6, IQR = 1.2-2.4 AU; P = 0.004) (Figure 2).

DISCUSSION

We studied and genotyped 2 polymorphisms in the RACI
gene in a Chilean pediatric cohort. The SNP rs10951982
located in intron 1 had similar allelic and genotypic fre-
quency between groups. However, we observed differences
in the allelic frequency and genotypic distribution for the
SNP rs836478, located in intron 3 of the RACI gene, between
the NH and NN subjects. Additionally, both polymorphisms
had a minor allele frequency similar to that which was pub-
lished in the databases SNPs NCBI (www.ncbi.nlm.nih.
gov/projects/SNP), HAPMAP (www.hapmap.ncbi.nlm.nih.
gov/), and ENSEMBL (www.ensembl.org) for the Tuscan,
European, and American populations.

We found an association between blood pressure and the
RACI intron 1 polymorphism (rs10951982) in NN children.
The DBP index was decreased in NN subjects with the GA/
AA genotype compared with subjects with the native GG
genotype, suggesting the alternative A allele could be asso-
ciated with normotension. One study supports this obser-
vation to date, demonstrating the SNP rs10951982 and its
association with the expression of RACI decreases in the
presence of the AA genotype.!> In the pediatric cohort stud-
ied here, the presence of the polymorphism rs10951982
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Figure 2. Genotype distribution and biochemical associations of the polymorphisms rs10951982 and rs836478 of the RACT gene in normotensive sub-
jects with hypertensive parents (NH) and normotensive subjects with normotensive parents (NN) (P <0.05). (a) Results obtained for single nucleotide poly-
morphism (SNP) rs10951982 located in intron 1. The group of children with GA/AA genotype had lower diastolic blood pressure (DBP) index compared with
subjects with GG genotype. (b, ¢, and d) Results obtained for SNP rs836478 located in intron 3, using the Kruskal-Wallis and Dunn’s test (P < 0.05). (b) The
group of NN children with TT genotype had higher plasminogen activator inhibitor-1 levels compared with subjects with TC/CC genotype. The group of NH
children with TT genotype had (c) higher metalloproteinase-9 levels and (d) lower interleukin 6 (IL-6) levels compared with subjects with TC/CC genotype.

extracellular matrix remodeling and thus playing an impor-
tant role in the pathogenesis of cardiac remodeling.*

These results show that in the NH group there is an increased
risk of biomarkers (IL-6 and MMP9) associated with the TT
genotype of the SNP rs836478. However, there is a discrepancy
because the risk genotype is more frequent in NN than NH.
This discrepancy could be explained by the presence of other
factors—inherited from the subjects’ hypertensive parents—
that affect the biomarkers levels seen in this cohort.

In summary, we report the frequency and distribution of
SNPs rs10951982 (intron 1, G/A) and rs836478 (intron 3,
C/T) in the RACI gene in a Spanish-Amerindian pediatric
cohort, showing a similar allelic frequency and genotypic dis-
tribution as described in the NCBI databases. These SNPs in
the RACI gene are associated with some clinical (DBP) and
biochemical (IL-6, MMP9, and PAI-1) parameters related to
the development and progression of hypertension. However,
we cannot rule out the possibility that additional factors,
such as environmental or epigenetic factors, are contributing

306 American Journal of Hypertension 27(3) March 2014

to the association of these polymorphisms with parameters
of inflammation or the possibility that these additional fac-
tors are more significant. Thus, additional genetic and bio-
chemical studies will be necessary to determine the risks in
the phenotype of these subjects that these SNPs may have in
later stages of life.

SUPPLEMENTARY MATERIAL

Supplementary materials are available at American Journal
of Hypertension (http://ajh.oxfordjournals.org).

ACKNOWLEDGMENTS

We thank our patients and their families. This work
was supported by Chilean grants from Fondo Nacional de
Desarrollo Cientifico y Tecnolégico (FONDECYT) 1130427,

¥T0g ‘8 YOO U0 3]1YD 8p PepsiAIUN T /B10'sfeuInolpioxo yfe//:dny woiy papeojumod


http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpt277/-/DC1
http://ajh.oxfordjournals.org/

Polymorphisms in RACT and Hypertension Risk Factors

FONDEF IDeA CA12i10150, and Millennium Institute of

Immunology and Immunotherapy (MIII) P09/016-F (ICM).
C.A.C. and C.EL. are fellows of the Comision Nacional de
Investigacion Cientifica y Tecnoldgica de Chile (CONICYT).

DISCLOSURE

The authors declared no conflict of interest.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity and
trends in body mass index among US children and adolescents, 1999-
2010. JAMA 2012; 307:483-490.

. Lieb W, Pencina MJ, Wang TJ, Larson MG, Lanier KJ, Benjamin EJ,

Levy D, Tofler GH, Meigs JB, Newton-Cheh C, Vasan RS. Association
of parental hypertension with concentrations of select biomarkers in
nonhypertensive offspring. Hypertension 2008; 52:381v386.

. Stamler R, Stamler ], Riedlinger WE Algera G, Roberts RH. Family

(parental) history and prevalence of hypertension. Results of a nation-
wide screening program. JAMA 1979; 241:43-46.

. Bancalari R, Diaz C, Martinez-Aguayo A, Aglony M, Zamorano J,

Cerda V, Fernandez M, Garbin E, Cavada G, Valenzuela M, Garcia H.
[Prevalence of hypertension in school age children and its association
with obesity]. Rev Med Chil 2011; 139:872-879.

. Fujita T. Mineralocorticoid receptors, salt-sensitive hypertension, and

metabolic syndrome. Hypertension 2010; 55:813-818.

. Lassegue B, San Martin A, Griendling KK. Biochemistry, physiology,

and pathophysiology of NADPH oxidases in the cardiovascular system.
Circ Res 2012; 110:1364-1390.

. Matos P, Skaug J, Marques B, Beck S, Verissimo F, Gespach C, Boavida

MG, Scherer SW, Jordan P. Small GTPase Racl: structure, localization,
and expression of the human gene. Biochem Biophys Res Commun 2000;
277:741-751.

. DerMardirossian C, Rocklin G, Seo JY, Bokoch GM. Phosphorylation

of RhoGDI by Src regulates Rho GTPase binding and cytosol-mem-
brane cycling. Mol Biol Cell 2006; 17:4760-4768.

. Jordan P, Brazao R, Boavida MG, Gespach C, Chastre E. Cloning of a

novel human Raclb splice variant with increased expression in colorec-
tal tumors. Oncogene 1999; 18:6835-6839.

Shibata S, Nagase M, Yoshida S, Kawarazaki W, Kurihara H, Tanaka H,
Miyoshi ], Takai Y, Fujita T. Modification of mineralocorticoid receptor
function by Racl GTPase: implication in proteinuric kidney disease.
Nat Med 2008; 14:1370-1376.

Sun Y, Zhang J, Lu L, Chen SS, Quinn MT, Weber KT. Aldosterone-
induced inflammation in the rat heart: role of oxidative stress. Am |
Pathol 2002; 161:1773-1781.

Briet M, Schiffrin EL. Aldosterone: effects on the kidney and cardiovas-
cular system. Nat Rev Nephrol 2010; 6:261-273.

Zalba G, San Jose G, Moreno MU, Fortuno A, Diez J]. NADPH oxidase-
mediated oxidative stress: genetic studies of the p22(phox) gene in
hypertension. Antioxid Redox Signal 2005; 7:1327-1336.

Nagase M, Fujita T. Role of Racl-mineralocorticoid-receptor signalling
in renal and cardiac disease. Nat Rev Nephrol 2013; 9:86-98.

Muise AM, Walters T, Xu W, Shen-Tu G, Guo CH, Fattouh R, Lam
GY, Wolters VM, Bennitz ], van Limbergen ], Renbaum P, Kasirer Y,
Ngan BY, Turner D, Denson LA, Sherman PM, Duerr RH, Cho J, Lees
CW, Satsangi J, Wilson DC, Paterson AD, Griffiths AM, Glogauer M,
Silverberg MS, Brumell JH. Single nucleotide polymorphisms that
increase expression of the guanosine triphosphatase RAC1 are associ-
ated with ulcerative colitis. Gastroenterology 2011; 141:633-641.
National High Blood Pressure Education Program Working Group on
High Blood Pressure in Children and Adolescents. The fourth report
on the diagnosis, evaluation, and treatment of high blood pressure
in children and adolescents. Pediatrics 2004; 114:555-576. PMID:
15286277.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 1zzo JL Jr,
Jones DW, Materson BJ, Oparil S, Wright J T Jr, Roccella EJ. Seventh report

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

of the Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure. Hypertension 2003; 42:1206-1252.

. Cruz-Coke R, Moreno RS. Genetic epidemiology of single gene defects

in Chile. ] Med Genet 1994; 31:702-706.

Valenzuela CY, Acuna MP, Harb Z. [Sociogenetic gradient in the
Chilean population]. Rev Med Chil 1987; 115:295-299.
Martinez-Aguayo A, Aglony M, Campino C, Garcia H, Bancalari R,
Bolte L, Avalos C, Loureiro C, Carvajal CA, Avila A, Perez V, Inostroza
A, Fardella CE. Aldosterone, plasma renin activity, and aldoster-
one/renin ratio in a normotensive healthy pediatric population.
Hypertension 2010; 56:391-396.

Montero J, Soto J, Fardella C, Foradori A, Valdes G. [Measurement of
low levels of plasma renin activity. A methodological improvement].
Rev Med Chil 1998; 126:151-154.

Kleiner DE, Stetler-Stevenson WG. Quantitative zymography: detection
of picogram quantities of gelatinases. Anal Biochem 1994; 218:325-329.
Wade CR, van Rij AM. Plasma thiobarbituric acid reactivity: reaction
conditions and the role of iron, antioxidants and lipid peroxy radicals on
the quantitation of plasma lipid peroxides. Life Sci 1988; 43:1085-1093.
Lahiri DK, Nurnberger JI Jr. A rapid non-enzymatic method for the
preparation of HMW DNA from blood for RFLP studies. Nucleic Acids
Res 1991; 19:5444.

Dixon AL, Liang L, Moffatt MF, Chen W, Heath S, Wong KC, Taylor J,
Burnett E, Gut I, Farrall M, Lathrop GM, Abecasis GR, Cookson WO.
A genome-wide association study of global gene expression. Nat Genet
2007; 39:1202-1207.

De Martin R, Hoeth M, Hofer-Warbinek R, Schmid JA. The transcrip-
tion factor NF-kappa B and the regulation of vascular cell function.
Arterioscler Thromb Vasc Biol 2000; 20:E83-E88.

Brown NJ. Aldosterone and vascular inflammation. Hypertension 2008;
51:161-167.

Pojoga LH, Baudrand R, Adler GK. Mineralocorticoid receptor
throughout the vessel: a key to vascular dysfunction in obesity. Eur
Heart ] 2013; 34:3475-3477.

Swiatkowska M, Szemraj ], Al-Nedawi KN, Pawlowska Z. Reactive oxy-
gen species upregulate expression of PAI-1 in endothelial cells. Cell Mol
Biol Lett 2002; 7:1065-1071.

Diebold I, Petry A, Djordjevic T, Belaiba RS, Fineman J, Black S, Schreiber
C, Fratz S, Hess ], Kietzmann T, Gorlach A. Reciprocal regulation of Racl
and PAK-1 by HIF-1alpha: a positive-feedback loop promoting pulmo-
nary vascular remodeling. Antioxid Redox Signal 2010; 13:399-412.
Ando K, Ishibashi T, Ohkawara H, Inoue N, Sugimoto K, Uekita H, Hu
C, Okamoto Y, Takuwa Y, Takeishi Y. Crucial role of membrane type
1 matrix metalloproteinase (MT1- MMP) in RhoA/Racl-dependent
signaling pathways in thrombin- stimulated endothelial cells. J
Atheroscler Thromb 2011; 18:762-773.

Tilg H, Trehu E, Atkins MB, Dinarello CA, Mier JW. Interleukin-6
(IL-6) as an anti-inflammatory cytokine: induction of circulating IL-1
receptor antagonist and soluble tumor necrosis factor receptor p55.
Blood 1994; 83:113-118.

Xing Z, Gauldie ], Cox G, Baumann H, Jordana M, Lei XF, Achong MK.
IL-6 is an antiinflammatory cytokine required for controlling local or
systemic acute inflammatory responses. J Clin Invest 1998; 101:311-320.
Ulich TR, Yin S, Guo K, Yi ES, Remick D, del Castillo J. Intratracheal injec-
tion of endotoxin and cytokines. II. Interleukin-6 and transforming growth
factor beta inhibit acute inflammation. Am J Pathol 1991; 138:1097-1101.
Navarro-Gonzalez JE Mora C, Muros M, Jarque A, Herrera H, Garcia
J. Association of tumor necrosis factor-alpha with early target organ
damage in newly diagnosed patients with essential hypertension. J
Hypertens 2008; 26:2168-2175.

Camp TM, Smiley LM, Hayden MR, Tyagi SC. Mechanism of matrix
accumulation and glomerulosclerosis in spontaneously hypertensive
rats. ] Hypertens 2003; 21:1719-1727.

Onal IK, Altun B, Onal ED, Kirkpantur A, Gul Oz S, Turgan C. Serum
levels of MMP-9 and TIMP-1 in primary hypertension and effect of
antihypertensive treatment. Eur J Intern Med 2009; 20:369-372.
Ebihara I, Nakamura T, Shimada N, Koide H. Increased plasma metallopro-
teinase-9 concentrations precede development of microalbuminuria in non-
insulin-dependent diabetes mellitus. Am J Kidney Dis 1998; 32:544-550.
Kumar S, Seqqat R, Chigurupati S, Kumar R, Baker KM, Young D, Sen
S, Gupta S. Inhibition of nuclear factor kappaB regresses cardiac hyper-
trophy by modulating the expression of extracellular matrix and adhe-
sion molecules. Free Radic Biol Med 2011; 50:206-215.

American Journal of Hypertension 27(3) March 2014 307

¥T0g ‘8 YOO U0 3]1YD 8p PepsiAIUN T /B10'sfeuInolpioxo yfe//:dny woiy papeojumod


http://ajh.oxfordjournals.org/

