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 Background: Hypertension is a major global public health problem that affects both pediatric and adult populations. ACE 
I/D, AGT M235T, and ADD Gly460Trp polymorphisms are thought to be associated with primary hypertension. 
In the present study, we examined the frequency of these polymorphisms in a pediatric population with sec-
ondary hypertension.

 Material/Methods: Included in the study were 58 hypertensive and 58 normotensive pediatric patients. ACE I/D and AGT M235T 
polymorphisms are determined by conventional PCR; ADD Gly460Trp polymorphism was investigated using 
PCR amplification of genomic DNA.

 Results: There were significant differences between the control group and pediatric hypertensive group in terms of ACE 
I/D (P<0.05) and AGT M235T (P<0.05) polymorphisms, but there were no differences in ADD Gly460Trp (P>0.05) 
polymorphism.

 Conclusions: We suggest that RAS gene polymorphisms (ACE-I/D, AGT M235T) are significantly associated with susceptibil-
ity to diseases that lead to secondary hypertension.
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Background

Hypertension is a major public health problem affecting many 
people of all ages. The emergence of anatomic changes at a 
young age is important in establishing some of the negative 
effects of risk factors of hypertension. This situation is not lim-
ited to hypertension; even cardiovascular and renal diseases 
begin in childhood [1,2].

Pediatric hypertension often occurs secondary to renal, endo-
crine, or vascular pathologies, but primary hypertension has be-
come more prevalent in recent years [3]. The Renin-angiotensin 
system (RAS) plays an important role in sodium homeostasis, 
body fluid balance, and blood pressure. Angiotensin-converting 
enzyme (ACE) is the main component of RAS. ACE gene encod-
ing is subjected to an insertion/deletion (I/D) polymorphism 
that is a chief determinant of plasma and tissue ACE levels [4].

ACE and the angiotensinogen (AGT) genes sequences have 
identified a variety of polymorphisms which may contribute 
to primary hypertension. ACE I/D polymorphism is the inser-
tion or deletion (I/D) of a 287 base pair in intron 16 of the 
ACE gene. AGT is also a major component of RAS. The M235T 
polymorphism of the AGT gene is associated with increased 
plasma levels of AGT [5].

Adducin is a heterodimer cytoskeleton protein containing the 
a subunit and either b or g subunit. Mutation of the adducin 
a subunit causes the stimulation of sodium-potassium ade-
nosine triphosphatase (Na-K ATPase) activity in renal tubular 
cells, which increases renal sodium reabsorption and subse-
quently leads to hypertension [6].

a adducin Gly460Trp (ADD Gly460T) polymorphism of a adducin 
affects the capacity of the kidney to reabsorb Na. Individuals 

who have 1 or more of these polymorphisms are thought to 
be predisposed to primary hypertension. However, this poly-
morphism in patients with secondary hypertension has not 
been studied in detail. Many studies have shown a relation-
ship between renal disease and genetic variants of the RAS 
genes as well as the rate of progression of renal damage [7].

We investigated the frequency of ACE I/D, AGT M235T, and ADD 
Gly460Trp polymorphisms in pediatric patients with hyperten-
sion secondary to chronic kidney disease (CKD).

Material and Methods

Subjects

Included in this study were 58 children (31 boys and 27 girls) 
with a clinical diagnosis of advanced CKD according to the 
National Kidney Foundation classification. Thirty-three of the 
patients were undergoing maintenance hemodialysis; the oth-
ers were undergoing conservative treatments. We enrolled 31 
patients with CKD, 18 with nephrotic syndrome, 9 with Henoch-
Schönlein purpura (HSP), and a control group of 58 healthy 
children. Descriptive properties of groups are listed in Table 1.

None of the patients with CKD had cardiovascular events on 
the basis of examination and detailed clinical history. All con-
trol subjects were healthy with no clinical signs of vascular 
or renal disease and no family history of renal disease as as-
sessed using medical history and clinical examination. Healthy 
control subjects were matched for age, sex, and BMI range to 
the patient groups. The study was performed with local eth-
ics committee approval, and informed consent was obtained 
from all the participants. All subjects were from the cities of 
Diyarbakır and Elazığ in Turkey.

CKD Control group p value

Mean age (years) 10.5±3.7 9.7±3.1 N.S.

Male/Female 31/27 30/28 N.S.

BMI (kg/m2) 16.8±1.1 19.9±0.9 N.S.

SBP (mmHg) 99.1±7.4 94.7±8.5 N.S.

DBP (mmHg) 77.8±7.1 60.8±9.4 N.S.

Age at disease onset, (years) 6.4±2.5 – <0.001

Proteinuria (%) (>300 mg/24 h) 33 – <0.001

Hematuria (%) (³10 red blood cell/high power field) 5 – N.S. 

Renal squeal (%) (persistent renal involvement; follow-up >6 months) 100 – <0.001

Table 1. Main descriptive features of study groups.

CKD – chronic kidney disease.
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Assessment of genotypes

Whole blood samples were collected into EDTA tubes for DNA 
analysis. Blood samples were stored at –20°C for 10 to 90 days. 
Genomic DNA was extracted from peripheral blood leukocytes 
according to standard protocols [8].

Polymorphism of ACE I/D: Forward 5’CTGGAGACC 
ACTCCCATCCTTTCT’3 and reverse 5’GATGTGGCCATCAC 
ATTCGTCAGAT’3 primer pairs were used for the ACE I/D poly-
morphism. Annealing tem peratures of 59ºC were used to am-
plify the intron 16 region where the I/D fragment is located. 
The amplified products were analyzed by electrophoresis on 
1.5% agarose gel. ACE, I, and D alleles resulted in 490- and 
190-bp amplicons (Figure 1) [9].

Polymorphism of AGT M235T: The single-nucleotide poly-
morphisms (SNPs) in the AGT gene were examined using 
a polymerase chain reaction/restriction fragment length 
polymorphism (PCR-RFLP). Primer pairs used for am-
plification for the AGT M235T polymorphism were for-
ward 5’CAGGGTGCTGTCCACACTGGACCCC‘3’ and reverse 
5’CCGTTTGTGCAGGGCCTGGCTCTCT‘3. Annealing temperature 
was 60ºC. PCR products were subjected to enzymatic digestion 
with Psy I enzyme (Lot: 00022395, Fermentas UAB, Vilnius, Lt). 
Alleles resulted in 165-bp amplicons for M/M, 142-bp, and 24-
bp amplicons for TT (Figure 2) [10].

Polymorphism of ADD Gly460T: The SNPs in the ADD gene 
were examined using PCR-RFLP. The primer pairs used for the 
ADD Gly460T polymorphism were forward 5’GAC TTG GGA CTG 
CTT CCA TTC GGC C‘3 and reverse 5’CTC CTT TGC TAG TGA CGG 
TGA TTC‘3. Annealing temperature was 62ºC. PCR products 
were subjected to enzymatic digestion with Sau96I enzyme 
(Lot: 00041101, Fermentas UAB, Vilnius, Lt). Alleles resulted 

in 147-bp amplicons for W/W, 122-bp and 25-bp amplicons 
for GG (Figure 3) [11].

Statistical analysis

Findings obtained in our study were evaluated with SPSS 
(Statistical Package for Social Sciences) 17.0 program for 
Windows. Allele and genotypic frequencies for alleles were cal-
culated with the gene counting method. Pearson chi-square 
(c2) test and A 2×2 contingency table were used to test the 
differences of allele frequencies between cases and controls. 
Odds ratios (OR) with 95% confidence intervals (CI) were es-
timated for the effects of high-risk factors.

Results

Genetic association analyses with Pearson chi-square test were 
performed and data are summarized in Table 2. Polymorphisms 
of related genes are depicted in Figures 1–3. In examining ACE 

Figure 1.  Genotypes of ACE I/D polymorphism; numbers 1, 2 and 
7 show I/D genotype; numbers 3,4 and 5 show D/D 
genotype; number 6 shows I/I genotype.
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Figure 2.  Genotypes of AGT M235T polymorphism; numbers 
1and 2 show T/T genotype; numbers 3 and 4 show M/T 
genotype; numbers 5, 6 and 7 show M/M genotype.
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Figure 3.  Genotypes of ADD G460W polymorphism; numbers 1, 
2 and 5 show G/G genotype; numbers 3 and 6 show 
W/W genotype; numbers 4 and 7 show G/W genotype.
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I/D polymorphism there was a significant difference between 
the CKD group and the controls with regards to DD genotype 
(p<0.0001). This may suggest that patients with DD genotype 
are at a high risk of developing renal disease (OR=6.69, 95% 
CI=2.70–16.6). The genotypic level was also visible at the allelic 
level as D allele was found in a higher frequency in CHD patients 
than in the controls (p<0.0001, OR=5.14, 95% CI=2.25–11.7). 
The CKD group showed an increased frequency of the T allele 
(p = 0.0001, OR=5.83, 95% CI=1.92–17.7) and the homozygous 
genotype TT of the AGT M235T polymorphism compared to the 
controls (p<0.0001, OR=1.38, 95% CI=1.18–1.62). No signifi-
cant differences were observed between CKD patients and the 
controls with regards to ADD Gly460Trp genotypes or alleles.

Discussion

Primary hypertension is a complex genetic disorder affected 
by environmental factors of a variety of different physiologi-
cal pathways that act on the homeostasis of blood pressure. 
RAS is known to play a critical role as a key regulator of blood 
pressure as well as renal function and may play a role in their 
interaction. The role of RAS in the pathogenesis of HT is well 
known. However, whether RAS contributes to chronic renal fail-
ure and progression of nephropathy is still controversial [12].

ACE is a key component of RAS. I/D polymorphism of the RAS 
gene has been shown to cause HT. Several studies have shown 
the importance of ACE I / D polymorphism in the pathogenesis of 

hypertension [13]. There are many studies showing that the DD 
genotype is more frequent in hypertensive individuals [14,15].

A Chinese cohort study supports the idea that RAS gene poly-
morphism plays a role in susceptibility to diseases resulting in 
hypertension. In this study, the ACE I/D polymorphism in the 
secondary hypertensives show that susceptibility to Henoch-
Schönlein purpura (HSP) [16]. Similar polymorphisms are asso-
ciated with posterior urethral valves (PUV) disease and chron-
ic renal disease [17].

In our study, we found significant differences between the 
control group and pediatric secondary hypertensive group in 
terms of the ACE I/D polymorphism (p<0.0001).

ACE gene polymorphism appears to be an important genetic 
predisposition in causation and progression of renal disease. 
DD genotype was found to be significantly associated with ad-
vanced CKD in children [18].

Ferenc et al. concluded that the DD genotype of ACE was more 
frequent in pediatric end-stage renal disease (ESRD). This gen-
otype, associated with higher circulating and tissue ACE lev-
els, could be a genetic risk factor for renal parenchyma de-
struction, renal scar formation, and the development of ESRD 
in children, except those with original renal disease [19,20].

There are many studies on the AGT gene, which is another 
important component of RAS, indicating that TT genotype of 

Gene 
CKD 

patients n
(%)

Controls 
n

(%) p OR (95% CI)

ACE Alleles
I 108 87 60 42 <0.001 0.15 (0.08–0.28)

D 16 13 84 58 <0.001 5.14 (2.25–11.7)

ACE genotypes

II 28 48 50 86 0.006 0.19 (0.06–0.63)

ID 14 24 4 6 0.019 0.23 (0.07–0.76)

DD 16 28 4 6 <0.001 6.69 (2.70–16.6)

AGT Alleles
M 84 43 116 55 0.001 1.38 (1.23–1.45)

T 112 57 96 45 0.001 5.83 (1.92–17.7)

AGT genotypes

MM 10 17 2 3 0.029 0.17 (0.04–0.82)

MT 48 83 40 69 0.128 0.46 (0.19–1.12)

TT 0 0 16 28 <0.001 1.38 (1.18–1.62)

Adducin Alleles
G 104 76 88 71 0.009 2.76 (1.32–5.74)

W 32 24 36 29 0.665 0.87 (0.48–1.49)

Adducin genotypes

GG 40 69 42 72 0.839 1.12 (0.53–2.63)

GW 4 7 10 18 0.152 2.81 (0.83–9.56)

WW 14 24 6 10 0.084 0.36 (0.13–1.02)

Table 2. Distribution of alleles and gene polymorphisms in CKD patients and in controls.
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AGT M235T polymorphism is associated with primary hyper-
tension [21,22].

There are no studies in the literature reporting a relationship 
between secondary hypertension and AGT M235T polymor-
phism. In our study, we found significant differences between 
the control group and patient group in terms of the AGT M235T 
polymorphism (p<0.0001).

Similar studies have associated ADD Gly460Trp polymorphism 
with primary hypertension [23,24]. We found no significant dif-
ference between those groups.

The meta-analysis by Kuo et al. failed to provide evidence for 
the genetic association of ADD Gly460Trp polymorphism with 
hypertension [25]. This was also true for secondary hyperten-
sion in our study.

Determining the relationship between a gene and a complex 
genetic disease is difficult due to the necessity of including a 
large number of genes in the etiology of essential hypertension.

Additionally, these genes may interact with each other in dif-
ferent formations to ensure a similar disease phenotype. The 
size of this problem makes the frequency of any polymorphism 
contributing to a disease phenotype marginally higher in the 
disease group compared to the control group [26].

These data suggest that RAS polymorphisms may participate 
in the regulation of the system, causing vascular endothelia 
damage. RAS genotypes may have a synergistic effect on hy-
pertension. However, given the multi-factorial pathogenesis of 
hypertension, a very large sample would certainly be needed 
to detect a role for a given pattern of RAS genes.

Polymorphisms in the ACE and AGT genes act as markers for 
individual variations in the plasma and, possibly, cellular lev-
els of their respective protein products. This suggests a mech-
anism by which genotype might play a role in the physiolo-
gy of the renin-angiotensin axis, even though the connection 
between these RAS gene polymorphisms and secondary hy-
pertension to diseases remains vague [27]. Together with oth-
er risk factors, RAS polymorphisms could determine the de-
velopment of organ complications and disease susceptibility.

Conclusions

According the results of our study, we suggest that RAS gene 
polymorphisms (ACE-I/D, AGT M235T) are significantly asso-
ciated with susceptibility to diseases that lead to secondary 
hypertension.
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