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Abstract: Background: The angiotensin I-converting enzyme (ACE) gene insertion/deletion (I/D) polymorphism has been suggested 

as a modifier factor in benign renal diseases. However, the direct evidence from genetic association studies in adult Egyptian patients 

with idiopathic nephrotic syndrome remains inconclusive. Therefore, the present study aimed to investigate the frequency of ACE gene 

polymorphism I/D alleles, DD and II genotypes in Egyptian adult nephrotic patients and its association to their steroid response. 

Methods: One hundred and ninety-eight adult patients older than 19 years of age with idiopathic nephrotic syndrome were enrolled in 

this study. Another 102 healthy adults with no history of kidney disease volunteered were participate. The distribution frequencies of the 

DD, ID, II genotypes were determined were determined using a PCR method. Results: The frequency of ACE gene polymorphism D- 

allele and DD genotypes were significantly higher in steroid responsive adult patients with idiopathic nephrotic syndrome compared 

with healthy control. In contrast, the frequency of polymorphism I allele and the heterozygous of ID genotype were significantly lower 

in steroid responsive adult patients idiopathic nephrotic syndrome compared with healthy control. Finally, the frequency of II genotype 

was not significantly different between the steroid resistance, steroid sensitive and control groups. Conclusions: These findings suggest 

that the D allele or DD homozygous genotype could be significant genetic markers for the development of steroid response in adult 

Egyptian patients with idiopathic nephrotic syndrome.  
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1. Introduction 
 
The characteristic features of idiopathic nephrotic syndrome 
are heavy proteinuria, hyperlipidemia, edema, and hypo-
albuminia [1] where idiopathic nephrotic syndrome is one of 
the most frequent nephrotic syndromes. Two types of 
idiopathic nephrotic syndrome can be described according to 
the response to corticosteroids, steroid sensitive and steroid 
resistant. Steroid response either sensitive or resistant is the 
major prognostic marker of idiopathic nephrotic syndrome. 
The steroid sensitive patients carry good prognosis while 
steroid resistant patients tend to progress to end stage renal 
disease. Elevation of angiotensin II level may contribute to 
the renal injury via its ability to induce glomerular 
hypertension, tubular injury, myofibroblasts formation and 
stimulate the production of the profibrotic cytokine TGF-β. 
Additionally, it may induce oxidative stress and stimulates 
chemokines and osteopontin production that cause cell 
proliferation and hypertrophy [2].  
 
The pathogenesis of angiotensin II effects on the trans-
glomerular passage of protein includes modulation of 
efferent arterioler tone, inter-glomerular pressure and 
glomerular plasma flow [3], [4]. The presence of functional 
receptors for angiotensin II on glomerular podocytes may 
directly contribute to the pathogenesis of proteinuria via 
increased expression of the podocyte slit protein nephrin [5]. 
Moreover, Eisenbach et al., [6] reported that proteinuria in 
rats induced with administration of angiotensin II. Recently, 
angiotensin receptor blockers and angiotensin converting 
enzyme (ACE) inhibitors with steroids have been shown to 
be significantly decrease the level of proteinuria and slow 
the progression of renal insufficiency in patients with 

idiopathic nephrotic syndrome [7]. ACE levels were 
correlated with angiotensin II levels.  
 
Recently, there is a growing body of evidence of the impact 
of genetic variability on the development of renal failure 
disease and emphasized the need to elucidate the genetic 
basis for renal diseases and its complications. The ACE gene 
polymorphism has insertion/deletion (I/D) genotype, defined 
by the presence or absence of the 287-base-pair Alu 
repetitive sequences in interon 16. Importantly, the ACE 
levels are highest in individuals with the DD genotype and 
lowest with the II genotype [8].  
 
The ACE gene I/D polymorphism are reportedly associated 
with the progression of different renal diseases such as 
diabetic nephropathy, IgA nephropathy, autosomal dominant 
polycystic kidney disease, and graft failure in renal 
transplant recipients [9], [10]. The D allele has a dominant 
effect and is associated with higher plasma ACE and 
angiotensin II levels [11], [12]. Research in genetics and 
genome sequencing has led to a better understanding of the 
molecular genetic mechanisms and to the detection of inter-
individual genetic differences, so-called polymorphisms, 
which may have a functional consequence on the response to 
drugs. Therefore, we aimed in the present study to 
investigate the frequency of angiotensin converting enzyme 
ACE gene polymorphism (I/D) in adult Egyptian patients 
with idiopathic nephrotic syndrome and its association to 
steroid medication response. 
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2. Materials and Methods 
 

2.1 Patients Selection 
 
This study was approved by the ethical guidelines of 
Mansoura University and performed on 198 Egyptian 
patients with idiopathic nephrotic syndrome from out-
patients clinical of Mansoura University Hospitals. The 
patients were grouped according to initial steroid response; 
the steroid-sensitive nephrotic syndrome (SS) group 
consisted of 104 patients who were initially steroid 
responsive with mean age 30.63 ± 6.99 years ranging from 
19.0- 46.0 years and the steroid resistant nephrotic syndrome 
group (SR) consisted of 94 patients who maintained on 
cyclosporin treatments with mean age 32.54 ± 5.87 years 
ranging from 21.0- 49.0 years. None of the patients had 
received ACE inhibitors during treatment. The control group 
consisted of 102 unrelated healthy adult volunteers with 
mean age 27.89 ± 5.39 years ranging between 20- 45 years. 
They are without hypertension, renal or cardiac disease or a 
family history of renal disease. These controls were negative 
for HIV, HCV and HBV. All subjects were of Egyptian 
genetic origin. Three ml peripheral blood were collected in a 
tube containing EDTA solution, pH 8.0 as an anticoagulant 
and DNA was extracted, purified, amplified and analyzed. 
 
2.2 Genotyping of the ACE Gene I/D polymorphism  
 
Genomic DNA was extracted from 300 μl of whole blood 
using Promega DNA extraction kit (USA). The I/D 
polymorphism of the ACE gene was determined according 
to the method of Rigat et al., [13]. The sequences of the 
sense and antisense primers were 5'-CTG GAG ACC ACT 
CCC ATC CTT TCT-3' and 5'-GAT GTG GCC ATC ACA 
TTC GTC AGA T-3', respectively (prepared by eurofins, 
genomics, Germany). PCR was performed in a final volume 
of 50 μl that contained 25 μl master mix, ≈500 ng of 
genomic DNA, 12.5 pmol of each primer and 5% 
dimethylsulphoxide (DMSO). Amplification was performed 
using a Gene Amp PCR system (Thermo Scientific 
ARKTIK thermal cycler). Samples were denatured for 7 
minute at 94°C and then cycled 30 times through the 
following steps: 45 seconds at 94°C, 1 minute at 62°C, and 1 
minute at 72°C. PCR products (490-bp insertion and 190-bp 
deletion) were visualized on a 1.5 % agarose- gel containing 
GelStar™ Nucleic Acid Gel Stain (LONZA, Rockland, ME, 
USA, Cat No: 50535) (Figure 1). A second PCR 
amplification was performed for each DD type with a primer 
pair that recognises an insertion-specific sequence (5'- TGG 
GAC CAC AGC GCC CGC CAC TAC-3'; 5'-TCG CCA 
GCC CTC CCA TGC CCA TAA-3'), with identical PCR 
conditions except for an annealing temperature of 67°C and 
the absence of 5% DMSO (Figure 2). 
 
2.3 Statistics  
 
Statistical analyses were performed using the SPSS 17 for 
Windows software package (Chicago, Illiniois, USA). Allele 
and genotypic frequency was calculated by direct gene 

counting method. Comparison of the different genotypes was 
done by using Chi square test. Odd's ratios were calculated 
with a 95% confidence interval limit. Statistically significant 
accepted value was p <0.05. 

 

 
Figure 1: Agarose gel electrophoresis of the first PCR 
product determining the ACE genotypes. The figure shows 
different patients genotypes which representative by 1.5 % 
agarose gel stained with GelStar™ Nucleic Acid Gel Stain 
and photographed under ultraviolet trans-illumination after 
PCR amplification with specific primers. The upper band of 
490 bp is the I allele and the lower band of 190 bp is the D 
allele (arrows). The II genotype is shown as a single upper 
band, the DD genotype as a single lower band, and the DI 
type as a double band.  
 

 
Figure 2: Agarose gel electrophoresis of the second PCR 
product. It shows the results of different samples from the 1st 
PCR identified as DD genotype using an insertion-specific 
primer to differentiate if it is real DD or mis-genotype from 
ID. The sample in lane 1 is the Ladder, in lane 2 is a 
standard for II and that in lane 3 is a standard for DI were 
previously identified by 1st PCR, followed by four samples 
(lanes 4 through 7) identified as DD with the insertion-
spanning primer. A DI sample previously misclassified as 
DD is in lane 5, 6. 
 
3. Results  
 
PCR analysis demonstrated that the frequency of the ACE 
gene D-allele polymorphism in steroid resistance and steroid 
sensitive was more prominent compared to control group but 
was significantly increased only in steroid resistance 
compared to control group (P˂ 0.006), while there was no 
significant difference between steroid resistance and steroid 
sensitive groups (P> 0.157) (Table 1). In contrast, the 
frequency of the ACE gene I allele polymorphism in steroid 
resistance and steroid sensitive was a lower compared to 
control group but this difference was significant in only in 
steroid resistance group compared to control (P˂ 0.006) and 
there was no significant difference between steroid 
resistance and steroid sensitive groups (P> 0.157), (Table 1, 
Figure 3).  
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Figure 3: Distribution of genotype (A) and allele (B) frequency in the three studied groups, steroid resistance (SR), steroid 

sensitive (SS) patients and controls (C). 
 

Interestingly, the frequency of the ACE gene DD 
polymorphism observed in both steroid resistance and 
steroid sensitive was higher when compared to control group 
but this higher was only significant in steroid resistance 
group (P˂ 0.001) moreover, this frequency also observed in 
steroid resistance was significantly higher compared to 
steroid sensitive group (P˂ 0.003) (Table 1). On the other 
hand, the heterozygous of ID genotype frequency was 

significantly lower in steroid resistance when compared to 
both steroid sensitive and control group (P˂ 0.001), while 
there was no significant difference between steroid sensitive 
and control groups (P>0.162) (Table 1). 
 
Finally, the frequency of II genotype was not significantly 
different between the steroid resistance, steroid sensitive and 
control groups (Figure 3). 

 
Table 1: Distribution of allele and genotype frequency in the three studied groups, steroid resistance (SR), steroid sensitive 

(SS) patients and controls. 
 SR 

(n=93) 
SS 

(n=104) 
Control 
(n=102) 

P- X2 OR (95%) OR (Range) 

ACE-I/D polymorphism allele frequency 
D 122 (65.6%) 122 (58.7%) 106 (52.0%) 0.006 7.444 1.762 (1.171-2.652)a 
    0.172 1.867 1.312 (0.889-1.936)b 
    0.157 2.004 1.344 (0.892-2.024)c 
I 64 (34.4%) 86 (41.3%) 98 (48.0%) 0.006 7.444 0.567 (0.377-0.854)a 
    0.172 1.867 0.762 (0.517-1.125)b 
    0.157 2.004 0.744 (0.434-1.121)c 

Genotype frequency 
DD 44 (47.3%) 28 (26.9%) 16 (15.7%) 0.001 22.841 4.827 (2.467-9.443)a 

    0.049 3.871 1.980 (0.996-3.938)b 
    0.003 8.801 2.437 (1.345-4.417)c 

ID 34 (36.6%) 66 (63.5%) 74 (72.5%) 0.001 25.50 4.586 (2.502-8.407)a 
    0.162 1.953 1.522 (0.843-2.746)b 
    0.001 14.217 3.014 (1.608-5.368)c 

II 15 (16.1%) 10 (9.6%) 12 (11.8%) .378 0.777 1.442 (0.637-3.266)a 
    0.618 0.249 0.798 (0.328-1.938)b 
    0.170 1.880 1.808 (0.769-4.249)c 

a Comparison between SR & control, bComparison between SS & control, c Comparison between SR & SS 

4. Discussion  
 
Research in genetics and genome sequencing has led to a 
better understanding of the molecular genetic mechanisms 
and to the detection of inter-individual genetic differences, 
so-called polymorphisms, which may have a functional 
consequence on the progress of disease and the response to 
drugs. Angiotensin converting enzymes genotypes (DD/ DI/ 
II) are traditionally determined using polymerase chain 
reaction (PCR) amplification according to previously 
published protocols [13].  

ACE is limiting enzymes participating in the renin-
angiotensin aldosterone system (RAAS). The RAAS is a 
hormone that regulates blood pressure and kidney function. 
The contribution of the RAAS system for hypertension is 
well documented but the role of RAAS in chronic kidney 
diseases still remains unclear. However, different types of 
RAAS blockers like inhibitors of ACE and angiotensin 
receptor blockers have been suggested to chronic kidney 
disease patients in order to prevent severe kidney damage 
[14]. Treatment with RAS inhibitors have been shown to be 
differing according to the treated individual and not sure to 
predict responders based on known pathophysiological 
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characteristics [15]. Thus different polymorphisms in RAS 
components especially heterogeneous have been shown to 
be the major factors to contribute chronic kidney disease 
involvement [16]. The effect of angiotensin II level is result 
in renal hemodynamic and causes different growth factors 
expression, leading to glomerulosclerosis [17]. Moreover, 
ACE inhibitors and angiotensin receptor blockers reduce 
proteinuria in patients with nephrotic syndrome [18], 
stressing the role of the RAAS in the pathogenesis of 
nephrotic syndrome. 
 
As far as we know, this study provides substantial evidence 
for the frequency of ACE gene polymorphism using PCR 
technique in adult Egyptian nephrotic syndrome in relation 
to steroid resistance and steroid sensitive. The present 
results revealed a highly significant increase in the presence 
of D-allele and DD homozygous genotype in steroid 
resistant patients with idiopathic nephrotic syndrome 
compared to controls. The D allele has a dominant effect 
and is associated with higher plasma ACE and angiotensin II 
levels [19] – [21]. Our findings are consistent with the 
previous studies in children demonstrated that the presence 
of high frequency of DD genotype in steroid resistance 
nephrotic patients [22], [23]. Similar results were reported 
that DD genotype has been associated with more severe IgA 
nephropathy in Japanese children [9] and primary focal 
segmental glomerulosclerosis in Jewish and Arab children 
[24]. Lee et al., [25] concluded that DD genotype might be 
a risk factor for poor response to steroid therapy and the 
development of chronic renal failure. Also, Prasun et al., 
[23] found significant higher DD genotype in steroid-
resistant nephrotic syndrome compared to control or steroid-
sensitive nephrotic syndrome. Moreover, Langham et al., 
[5] stated that the increased angiotensin DD genotype may 
cause steroid resistance through the increased production of 
nephrin which is a glomerular podocytes slit pore protein 
and nephrin N glycosylation at the podocyte.  
 
On the other hand, the frequency of the I allele and the 
heterozygous of ID genotype was significantly lower in 
steroid resistance compared to steroid sensitive and control 
group. These findings are consistent with previous studies 
by AbdeL-Aziz et al., [26] demonstrated a significant 
decrease in ACE I/D polymorphism in patients with end 
stage renal disease. Also, our findings are in agreement with 
the previous studies reported a significant increase of 
heterozygous ID genotype in a Lebanese diabetic patients 
[10]. The authors considered I/D polymorphism as a risk 
factor for development of Type-2 diabetes mellitus and its 
complications.  
 
Finally, we observed that the frequency of II genotype was 
not significantly different between the steroid resistance, 
steroid sensitive and control groups. The frequency of II 
genotype has been reported to be less in patients with 
proteinuria and more prognoses with IgA nephropathy [27]. 
Both circulating and cellular ACE concentration have been 
shown to depend on the ACE gene polymorphism, [8], [28]. 
Also, this polymorphism is reported to be associated in 
progression of several renal diseases including diabetic 

nephropathy, polycystic diseases in kidney, and failure in 
renal transplant recipients. 
 
In conclusion, the present work seems to be the first 
investigation to be performed in adult patients because the 
most of previous studied were conducted in children's. The 
results show that steroid sensitive patients who underwent 
the disease remission with steroid medication show the same 
figure like control group. While, steroid resistance patients 
who underwent cyclosporine medication and without disease 
remission at the time of sample collection shows an increase 
in D- allele and DD genotype frequency concomitant with 
the decrease in I allele and the heterozygous of ID genotype 
when compared with control healthy individuals or cured 
nephrotic patients. This result suggests that the D allele or 
DD homozygous genotype could be significant genetic 
markers for the development of steroid resistance in adult 
patients. 
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