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Abstract 
Chronic kidney diseases are described by the decreased ability of the kidney to perform its normal functions, which include 
removing waste products from the blood, controlling blood pressure, and producing erythropoietin. In the current molecular 
epidemiological study we aimed to find out the association between the ACE I/D, 4a/b of eNOS, rs1801133 of MTHFR, 
and T344C of CYP11B2 polymorphism and chronic kidney diseases (CKD) in the population of Jammu region of the north 
Indian population. Convenient-based random sampling and simple random sampling approach were utilized to draw patients 
and control respectively. DNA was isolated from the collected blood sample and after target sequence amplification, the 
PCR–RFLP genotyping method was utilized to detect polymorphism and the result was confirmed by statistical analysis. 
We observed that risk allele i.e., CC of T344C, 4a/b variation of eNOS and rs1801133 of MTHFR was found to be signifi-
cantly associated with CKD with an association value of OR 1.33, 95% CIs [1.02–1.72] (p value = 0.007), OR 1.72, 95% CIs 
1.72 [1.24–2.38] (p value = 0.001) and OR 5.98, 95% CIs [2.05–17.42] (p value = 0.0002) respectively. In conclusion, this 
molecular epidemiology study shows the variation in CYP11B2, eNOS, and MTHFR (T344C, 4a/b allele, and rs1801133 
respectively) significantly increases the risk of CKD in the region of Jammu of the north Indian population.
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Abbreviations
CKD	� Chronic kidney diseases
NKF	� National kidney foundation
eGFR	� Estimated glomerular filtration rate
GBD-2019	� Global burden disorder- 2019
ACE	� Angiotensin-converting enzyme
e-NOS	� Endothelial nitric oxide synthase
MTHFR	� Methylenetetrahydrofolate reductase
CYP11B2	� Cytochrome P450 family 11 subfamily B 

member 2
VNTR	� Variable number of tandem repeats
ASCOMS	� Acharaya Shri Chander college of medical 

sciences
UT	� Union territory
EDTA	� Ethylenediaminetetraacetic acid solution
GAS	� Genetic association study
IEC	� Institutional ethical committee
GUI	� Graphical user interface
OR	� Odds ratio
CI	� Confidence interval
BMI	� Body mass index
WHR	� Waist hip ratio
SBP	� Systolic blood pressure
DBP	� Diastolic blood pressure
PR	� Pulse rate
FBS	� Fasting blood sugar
LDL-C	� Low density lipoprotein-cholesterol
HDL-C	� High-density lipoprotein-cholesterol
HWE	� Hardy–Weinberg equilibrium
ESRD	� End stage renal diseases
SF-1	� Steroidogenic transcription factor
HTN	� Hypertension

T2DM	� Type 2 diabetes
5,10-MTHF	� 5,10-Methylenetetrahydrofolate
5-MTHF	� 5-Methyltetrahydrofolate
CVD	� Cardio vascular diseases

Introduction

Featured with the reduced ability of the kidney to carry 
out the normal function including filtration of the waste 
product from the blood, and maintaining blood pressure, 
erythropoietin productions are used to define Chronic Kid-
ney Diseases (CKD) [58]. National Kidney Foundation 
(NKF) defines CKD based on the estimated glomerular 
filtration rate (eGFR) (Fig. 1), which is in turn caused by 
many risk attributes including pathologic kidney abnor-
malities, renal haematuria, persistent proteinuria, etc. 
(Kidney disease|National Kidney Foundation). Global 
burden disorder- 2019 (GBD-2019) has enlightened the 
vital statistical estimates including prevalence where 
Japan showed the highest prevalence rate affecting about 
19,325.01 per 100,000 per year (adjusted for both sex and 
all age group) followed by Mauritius (17,613.18), and 
Thailand (16,176.81). In India, the highest prevalence 
has been recorded in Kerela followed by Goa and Tamil 
Nadu ranging from 12,542. 47, 11,232.34, and 10,808.33 
per 10,000 per year (GBD India Compare|IHME Viz Hub 
(healthdata.org).

Since CKD, by itself, does not exhibit any symptoms dur-
ing the early stages but epidemiological studies have shown 
an increased risk for CKD where subjects are suffering from 
diabetes, hypertension, cardiovascular disease, urinary tract 

Fig. 1   Chronic kidney disease 
negatively affected estimated 
Glomerular Filtration Rate 
(eGFR) and the likelihood of 
the condition is increased due to 
the presence of risk factors
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infections, family history of CKD itself, exposure to certain 
drugs, systemic infections and notably urinary stone [29, 
40]. Diseases susceptibility is defined by the influence of 
risk factors which are largely categorized into environmen-
tal and genetic factors. Other than the environmental factor, 
genetic factors are largely responsible for determining the 
disease’s susceptibility.

As vascular regulation is affected in patients with CKD 
and due to its categorization in non-mendelian disorder/
complex disorder, numerous candidate genes have been dis-
covered since passed two decades. Some examples include 
the Angiotensin-converting enzyme (ACE), aldosterone 
reductase (CYP11B2), and e-NOS (endothelial nitric oxide 
synthase) (Fig. 2). Other than vascular dysfunctioning, a 
decreased pool of methyl-THF and hyper-homo-cysteine-
mia has been linked to increased DNA mutation, and loss in 
DNA repair activity The candidate protein is the 5-methyl 
reductase enzyme encoded by MTHFR [57]. These genes 
are associated with CKD in different populations [19, 20, 
26, 47, 51, 64] therefore, in the current molecular epidemio-
logical study, we aimed to find out the association between 
the CYP11B2 T344C, ACE I/D polymorphism, MTHFR 
rs1801133, VNTR 4a/b polymorphism of eNOS (Fig. 2) 
in the population of Jammu region of the north Indian 
population.

Material and method

Subject enrolment

Using a convenient-based sampling technique, subjects were 
recruited from the Out Patient Department of Nephrology 
at the Government Medical College and Super-speciality 
Hospital in Jammu (Jammu and Kashmir) (UT). Follow-
ing a nephrologist's diagnosis, we identified 250 confirmed 
instances of chronic kidney disease patients (within a 2-year 
time frame), and for the comparative study, 250 healthy con-
trols with matched ages and sexes were randomly selected 
from the general population of same region. 4–5 ml of blood 
was drawn out from both confirmed patients and controls in 
the 5 ml EDTA-coated vial only after their consent. Each 
subject was made aware of the nature and scope of the study. 
The power of the study was calculated by Genetic Associa-
tion Study (GAS) Power Calculator (GAS Power Calculator 
(umich.edu).

Ethical permission

The present study has been performed under the norms of 
the Ethical Committee and guidelines of the Medical Coun-
cil of India/University of Jammu and was duly approved by 
the Institutional Ethical Committee (IEC) of University of 

Fig. 2   Candidate genes infographics



374	 The Nucleus (2024) 67:371–384

1 3

Jammu, and Government Medical College, Jammu, Jammu 
and Kashmir (India) vide notification number: RA/19/3120 
and JMC/UG/506 respectively. Every subject was made 
aware of the nature and scope of the study and their consent 
or from their guardian (where applicable) was taken before 
the blood sample collection.

Genomic DNA isolation

Utilizing different DNA isolation protocols (Phenol–chlo-
roform isoamyl alcohol, salting out method)/using commer-
cially available kits (QIAGEN, Cat. Nos. 69504), DNA was 
isolated from both cases and controls. For the quality assess-
ment, the DNA sample was mixed with 1 μl of 1 × DNA 
loading dye (Bromo phenol blue, glycerol, and EDTA) and 
was loaded in the gel. The exact concentration of the isolated 
DNA was measured by spectrophotometry.

PCR primers and PCR condition

Variations harboring DNA sequences were amplified using dif-
ferent targeted sequence-specific primers (Table 1). Applied 
Biosystems thermal cycler (Make Veriti by Life Technology, 
Singapore) system was utilized using 25 μl of final reaction 
mixture containing different concentrations (Table 2).

RFLP condition

For the MTHFR C677T polymorphism genotyping, the 
polymerase chain reaction-restriction fragment length 
polymorphism (PCR–RFLP) genotyping approach was 
used to confirm the presence or absence of the polymor-
phism. Hinf-I (New England Biolabs) restriction endo-
nuclease used for detection of MTHFR C677T polymor-
phism. For the confirmation of CYP11B2,0.2 μl Hae III 
restriction enzyme (10U/μl) was used. The restriction 
digestion was performed by using 0.2 μl of restriction 
enzyme (10 U/μl), 10 μl of amplified PCR product, 2 μl 
NEB restriction buffer 4, and 7.8 μl of sterile distilled 
water to reach a total volume of 20 μl. The restriction 
digestion mixture was given overnight incubation at 
37 °C.

Detection of genotypes

The products of restriction digestion were separated on 
a 4% agarose gel pre-stained with ethidium bromide and 
analyzed under UV transilluminator. Gel images of all 
RFLP-based genotyped variants are presented (Fig. 3A, 
B, C,D).

Table 1   Candidate gene polymorphisms and their primer sequence

Gene polymorphism Primer set Primer sequence Amplicon (bp)

ACE I/D F
R

5’-CTG GAG ACC ACT CCC ATC CTT TCC-3’
5’-GAT GTG GCC ATC ACA TTC GTC AGA T-3’

I-allele = 490
D-allele = 190

CYP11B2 F
R

5ʼ-CAG GAG GAG ACC CCA TGT GAC-3ʼ
5ʼ-CCT CCA CCC TGT TCA GCC C-3ʼ

538 bp

eNOS VNTR 27 bp 4a/b F
R

5’-AGG CCC TAT GGT AGT GCC TTT-3’
5’-TCT CTT AGT GCT GTG GTC AC 3’

b-allele = 420
a-allele = 393

MTHFR (C677T) F
R

5’-TGA AGG AGA AGG TGT CTG CGG GA-3’
5’-AGG ACG GTG CGG TGA GAG TG-3

198 bp

Table 2   Composition of 
the PCR master mix for 
amplification of the candidate 
gene polymorphisms

MMC Master mix Components; WC Working concentration; DDW Double distilled water; MgCl2 Magne-
sium chloride; dNTP Dinucleotide triphosphate; F.P. Forward primer; R.P. Reverse primer

MMC WC ACE I/D CYP11B2 eNOS MTHFR C677T

DDW – 12.15 13.7 12.1 13.8
5XPCR Buffer 1X 5 5 5 5
MgCl2(25 mM) 1-4 mM 1.25 2.5 1.25 2.5
dNTP-mix (10 mM) 0.5-5 mM 2.5 0.5 3 0.5
F.P. (100 pmol/μl) 0.1–1 μM 0.5 0.5 0.5 0.5
R.P. (100 pmol/μl) 0.1–1 μM 0.5 0.5 0.5 0.5
DNA 50-100 ng 3 2 2.5 2
Taq-polymerase(5U/μl) 1 U/μl 0.1 0.3 0.08 0.2
Total volume (μl) – 25 25 25 25
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Statistical analysis

Genotypic and allelic frequencies were calculated by the 
gene count method. Genotypic and allelic distribution of 
ACE I/D, 4a/b of eNOS, rs1801133 of MTHFR, and T344C 
of CYP11B2 were analysed using Pearson's goodness of 
fit Chi-square test. The significant association of selected 
polymorphism with CKD susceptibility was calculated by 
logistic regression model utilizing Odds ratio (OR) with a 
95% confidence interval (CI) and a p-value of < 0.05 was 
considered to be significant. Due to the user-friendly GUI 
(graphical user interface of Statistical Package for the Social 
Sciences (SPSS) tools, the tool was utilized to draw out the 
estimates.

Result

Demographic features

In the present study, a total of 282 males and 218 females 
were enrolled. Among CKD cases 53.60% were males 
(n = 134) and 46.40% (n = 116) were females, while the 
healthy controls consisted of 59.20% males (n = 148) and 

40.80% males (n = 102). The dwelling patterns of study 
participants showed that the majority of them were urban 
dwellers (total = 280) in comparison to rural dwellers 
(total = 220). In the patient group, 52.40% were resid-
ing in urban areas (n = 131) and 47.60% were natives of 
rural areas (n = 119). The controls comprised of 59.60% 
urban dwellers (n = 149) and 40.40% rural dwellers 
(n = 101). Regarding educational status, 74.40% were 
educated (n = 186) and 25.60% were illiterate (n = 64) in 
patient group whereas in controls 76.40% were literate 
(n = 191) and 23.60% were uneducated (n = 59). 42.40% 
of patients (n = 106) were reportedly non-vegetarian, 
whereas 39.60% controls (n = 99) were also found to be 
keen for non-vegetarian diet.

In CKD cases 22.40% cases (n = 56) were smokers 
whereas, among controls 13.20% (n = 33) were smokers. 
OR analysis revealed that smoking was imparting approx-
imately 1.90 folds risk to the progression of CKD in our 
population [OR = 1.90 (1.18–3.04); p = 0.01]. It was 
found that the majority of the controls in comparison to 
cases were non-alcoholics (n = 223 vs. 188 respectively). 
The percentage of alcoholics was 24.80% (n = 62) and 
10.80% (n = 27) among CKD cases and controls, respec-
tively. OR analysis showed that alcoholism was adding 

Fig. 3   (A) Gel image shows the RFLP product of ACE (I/D) where 
Lane “L” represent the ladder (100  bp), Lane 1,3,5, and 6 shows 
ID, and Lane 2 and 4 shows II genotype. (B) Gel image shows the 
RFLP product of CYP11B2–T344C polymorphism Lane “L” rep-
resent the ladder, Lane 1,6, and 9 represent the TT genotype, Lane 
2–5, 7 and 8 shows CT genotype. (C) Gel image shows the RFLP 

product of eNOS 4a/b intronic polymorphism: where Lane “L” repre-
sent the ladder, Lane 1,4, and 6 shows 420 bp, lane 2,3, and 5 shows 
393 + 420 bp (genotype). (D) Gel image shows the RFLP product of 
MTHFR C677T where Lane “L” represent the ladder, Lane 1,3,4, and 
6 showed CC gemotype and Lane 2,5,7, and 8 represent 198 + 175 bp 
(CT genotype)
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nearly 2.72 folds risk in the development of CKD in our 
population.

Comparison of anthropometric, clinical, 
and biochemical characteristics in the study 
population

The comparison of various anthropometric, clinical, and 
biochemical parameters between the CKD patients and 
controls among the study population of the Jammu region 
is given in (Table 3). The controls were slightly younger 
than the patients, with a mean age of 52.24 years compared 
to 54.53 years in the patient group. BMI was significantly 
higher in patients than in controls (p = 0.0001) whereas no 
statistical difference was observed in the waist-hip ratio 
(WHR) (p = 0.9). The psychometric characteristics viz. 
SBP (Systolic Blood Pressure), DBP (Diastolic Blood Pres-
sure), and PR (Pulse Rate) were higher in patients in com-
parison to controls in a significant manner. The mean SBP 
(142.58 ± 19.96 in patients vs. 124.70 ± 7.80 in controls) and 
DBP (87.64 ± 11.01 in patients vs. 84.01 ± 7.74 in controls) 
indicated significant (p < 0.0001) differences between the 
two studies groups. A significant distinction was observed 
between PR among cases (84.01 ± 10.53) and controls 
(76.68 ± 7.49) (Table 3).

On comparing biochemical characteristics of CKD cases 
with controls, statistically significant difference for FBS 
(p < 0.0001), urea (p < 0.0001), creatinine (p = 0.002), LDL 
(p = 0.0003) and HDL (p < 0.0001) was observed. How-
ever, values for total cholesterol (p = 0.3) and triglycerides 
(p = 0.7) were not statistically significant among cases and 
controls. The mean total cholesterol of cases and controls 
was 152.35 ± 36.41 and 149.09 ± 32.16, those of triglyc-
erides were 155.56 ± 56.32 and 157.05 ± 57.89 and those 

of LDL-C were 123.38 ± 63.61 and 107.43 ± 28.21 respec-
tively. While comparing CKD patients with controls, signifi-
cant differences could be observed for HDL-C (42.27 ± 7.23 
vs. 45.21 ± 8.75, p < 0.0001). The mean duration of the dis-
ease in patients was found to be 0.79 ± 0.67.

Genetic association

ACE I/D

In the present study, the observed genotypic frequencies 
in patients were 30.8% (77/250) for wild genotype (II), 
44% (110/250) for heterozygous genotype (ID), and 25.2% 
(63/250) for variant genotype (DD). The allelic frequency 
of a wild allele (I) was 0.53 and for risk allele (D) was 0.47 
in CKD cases (Fig. 4B). The prevalence of II, ID, and DD 
in controls were 34% (85/250), 46.4% (116/250), and 19.6% 
(49/250) respectively (Fig. 4B). The frequency of a wild 
allele (I) was 0.57 and the risk allele (D) was 0.43 in controls 
which were close to the allelic frequencies obtained in CKD 
cases (Fig. 4A) for the genotypic frequencies for both CKD 
cases and controls in HWE. The genotypic and allelic fre-
quencies along with chi-square values for Hardy–Weinberg 
calculation for study participants are shown (Table 4).

Different genetic models were used since D is the risk 
allele for ACE, co-dominant (ID vs. II, DD vs. II), dominant 
(ID + DD vs. II), recessive (DD vs. ID + II) and allelic (D 
vs. I) models were applied to calculate the possibility of 
association of ACE I/D polymorphism in the study popula-
tion. The frequencies of ID versus II with OR 1.05, 95% CI 
[0.70–1.57], p = 0.8; DD versus II with OR 1.42, 95% CI 
[0.88–2.30], p = 0.2; ID + DD versus II with OR 1.16, 95% 
CI [0.80–1.68], p = 0.4; DD versus ID + II with OR 1.38, 
95% CI [0.91–2.11], p = 0.1; D versus I with OR 1.20, 95% 

Table 3   Distribution of baseline 
parameters among CKD cases 
and controls in the population 
of Jammu region

* Significant values, p value < 0.05

Variables CKD patients (N = 250) Controls (N = 250) p value

Age (yrs.) 54.53 ± 6.97 52.24 ± 8.14 –
BMI (kg/m2) 25.5478 ± 6.1766 23.3120 ± 4.4034 0.0001*
WHR 0.91 ± 0.04 0.91 ± 0.03 0.9
SBP (mmHg) 142.58 ± 19.96 124.70 ± 7.80  < 0.0001*
DBP (mmHg) 87.64 ± 11.01 84.01 ± 7.74  < 0.0001*
PR 84.01 ± 10.53 76.68 ± 7.49  < 0.0001*
FBS (mg/dl) 106.37 ± 34.44 95.78 ± 15.07  < 0.0001*
Urea (mg/dl) 79.70 ± 50.91 30.35 ± 7.90  < 0.0001*
Creatinine (mg/dl) 3.31 ± 2.89 1.02 ± 0.18 0.002*
TC (mg/dl) 152.35 ± 36.41 149.09 ± 32.16 0.3
TG (mg/dl) 155.56 ± 56.32 157.05 ± 57.89 0.7
LDL (mg/dl) 123.38 ± 63.61 107.43 ± 28.21 0.0003*
HDL (mg/dl) 42.27 ± 7.23 45.21 ± 8.75  < 0.0001*
Duration of CKD (yrs.) 0.79 ± 0.67 – –
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CI [0.93–1.53], p = 0.2 did not showed any significant asso-
ciation with CKD (Table 4). The allelic model shows that the 
D-allele (risk) was adding onefold risk to the study popula-
tion but was unable to reach statistical significance p = 0.2.

CYP11B2 rs4646903

After genotyping of 500 individuals (250 case and 250 
controls) the observed genotypic pattern was as follows: 
39.2% (98) for wild (TT) genotype, 41.6% (n = 104) for 
heterozygous (TC) genotype and 19.2% (n = 48) for variant 
(CC) genotype in cases and 43.2% (n = 108) for wild (TT) 
genotype, 46.8% (n = 117) for heterozygous (TC) genotype 
and 10% (n = 25) for variant genotype in controls (Fig. 4D). 

The overall frequency of the wild (T) allele in CKD cases 
and controls was 0.6 and 0.67 respectively, whereas the fre-
quency of the risk (C) allele was higher in cases (0.4) as 
compared to controls (0.33) (Fig. 4C). The genotypic fre-
quency for CKD cases deviated from HWE and that of con-
trols were in HWE. The genotypic and allelic frequencies 
along with Chi-square values for Hardy–Weinberg calcula-
tions for the study participants were presented in (Table 4).

In order to find out the risk association of rare allele, we 
have taken ‘C’ as a risk allele and ‘T’ as a wild allele. The 
OR for homozygous co-dominant model (C vs. TT) OR 2.11, 
95% CI [1.21–3.69], p = 0.007], recessive model (CC vs. 
TC + TT) OR 2.14, 95% CI [1.27–3.60], (p value = 0.003) 
were projecting significant association with the disease. It 

Fig. 4   Genotypic and allelic 
frequency of different candidate 
genes: (A) Allelic frequency of 
ACE I/D variant in cases and 
controls where the frequency of 
“I” is more control group [57%]. 
(B) Genotypic frequency of 
ACE I/D variant in both cases 
and controls. (C) CYP11B2 
allelic frequency where the 
mutant allele was found more 
in case 40% in comparison to 
controls [33%]. (D) CYP11B2 
genotypic frequency of mutant 
genotype was more in cases 
[19.20%] as compared to 
controls [10%]. (E) Pie diagram 
shows the allelic frequency of 
eNOS a/b variant, where the 
“a” was found more in cases 
[22%] as compared to control 
[14%]. (F) Histogram represent 
the genotypic frequency of a/b 
polymorphism, where the fre-
quency of mutant “aa” genotype 
was higher in cases [3.60%] as 
compared to 1.60% in controls. 
(G) Pie graphs represents the 
allelic frequency of MTHFR 
C677T, where the “T” allele 
was found more in cases [5%] 
in compared to controls [1%]. 
(H) Genotypic frequency of 
MTHFR C677T
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was concluded that the C-allele was accounting 1.3 folds 
risk (C vs. T) OR 1.33, 95% CI [1.02–1.72], (p = 0.03) for 
susceptibility of CKD in the population taken under consid-
eration (Table 5).

eNOS 27 bp VNTR 4b/a gene polymorphism

In patients, the genotypic frequency for wild genotype 
(bb), heterozygous (ba) and risk genotype (aa) were 58.8% 
(n = 147), 37.6% (n = 94) and 3.6% (n = 9) respectively. 
Regarding 250 controls the genotypic frequencies for wild 
(bb), heterozygous (ba) and risk (aa) genotype were 72.8% 
(n = 182), 25.6% (n = 64) and 1.6% (n = 4) (Fig. 4F). The 
allelic frequency of a wild allele (b) obtained in CKD 
patients was 0.78 and that of risk allele (a) was 0.22 
whereas the allelic frequency of a wild allele (b) was 0.86 
and that of risk allele (a) was 0.14 in controls (Fig. 4E). 
The genotypic frequency of both CKD cases and controls 
was in concordance with HWE. The genotypic and allelic 
distribution along with chi-square values for Hardy–Wein-
berg calculation for study participants are shown (Table 4).

A positive association was observed for (ba vs. bb) het-
erozygous co-dominant with OR 1.82, 95% CI [1.23–2.67] 
(P = 0.002), (bb + aa vs. bb) dominant OR 1.88, 95% CI 
[1.29–2.73] (p = 0.001) and (a vs. b) allelic model OR 
1.72, 95% CI [1.24–2.38], (p = 0.001) (Table 5). The vari-
ant allele (a) was significantly (p < 0.001) adding 1.7 folds 
risk for the susceptibility of CKD.

MTHFR rs1801133

Genotypic frequencies distribution for wild genotype (CC), 
heterozygous genotype (CT) and risk genotype (TT) were 

91.6% (n = 229), 7.6% (n = 19) and 0.8% (n = 2) respectively. 
The allelic frequency of the wild allele obtained was 0.95 
and that of risk allele was 0.05. The observed genotype fre-
quencies among 250 controls for wild genotype (CC) and 
heterozygous genotype (CT) were 98.4% (n = 246) and 1.6% 
(n = 4) respectively. There was a complete absence of risk 
genotype (TT) in controls (Fig. 4H). The frequency of wild 
allele (C) was observed to be high in both patients and con-
trol group i.e., 0.95 and 0.99 respectively. The frequency 
of risk allele (T) in patients was 0.05 and that of control 
group was 0.01 (Fig. 4G). The observed genotype frequen-
cies in control group did not show any deviation from HWE 
but patient group was showing significant deviation from 
HWE. The distribution of genotypes and alleles along with 
chi-square values for Hardy–Weinberg calculation for study 
participants are shown (Table 4).

As ‘T’ is the risk allele, OR was calculated by compar-
ing wild genotype (CC) which acts as a reference to CT 
heterozygous genotype forming heterozygous co-dominant 
model with OR 5.10, 95% CI [1.71–15.22], (p = 0.001). 
The allelic model suggests that the risk allele ‘T’ was add-
ing approximately sixfold risk OR 5.98, 95% [2.05–17.42], 
(p = 0.002) towards CKD development. The OR for domi-
nant and recessive genotype frequencies was not possible 
due to the absence of TT genotype in the control group 
(Table 5).

Discussion

Homeostasis of vascular structure is an important factor 
for proper kidney functioning and therefore any disruption 
can affect negatively its function. Different candidate genes 

Table 4   Comparison of genotypic and allelic frequency of selected variant between cases and controls

Gene Category Genotypes/alleles (%) χ2 p value

HW HT HR W R

ACE I/D CKD (n = 250) 77 (30.8%) 110 (44%) 63 (25.2%) 0.53 0.47 3.44 0.1
Controls (n = 250) 85 (34%) 116 (46.4%) 49 (19.6%) 0.57 0.43 0.69 0.4

CYP11B2 CKD (n = 250) 98 (39.2%) 104 (41.6%) 48 (19.2%) 0.6 0.4 4.44 0.03
Controls (n = 250) 108 (43.2%) 117 (46.8%) 25 (10%) 0.67 0.33 0.67 0.41

eNOS CKD (n = 250) 147 (58.8%) 94 (37.6%) 9 (3.6%) 0.78 0.22 1.66 0.1
Controls (n = 250) 182 (72.8%) 64 (25.6%) 4 (1.6%) 0.86 0.14 0.37 0.5

MTHFR CKD (n = 250) 229 (91.6%) 19 (7.6%) 2 (0.8%) 0.95 0.05 4.49 0.03
Controls (n = 250) 246 (98.4%) 4 (1.6%) 0 0.99 0.01 0.02 0.8

Gene HW HT HR W R

ACE I/D II ID DD I D
CYP11B2 TT TC CC T C
eNOS bb ba aa b a
MTHFR CC CT TT C T
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have been found which regulate vascularity such as ACE, 
CYP11B2, and eNOS. Also, the increased rate of mutation 
and defects in the DNA repair mechanism has been linked 
to the folate cycle. Much fame has been grasped by the 
MTHFR which is responsible for the synthesis of methyl 
tetrahydrofolate reductase. Different studies have presented 
the association of such genes with CKD within different 
demographics. Therefore, the present study aimed to explore 
the association of the ACE, CYP11B2, eNOS & MTHFR in 
the population of the Jammu division representing the north 
Indian population.

The Renin–angiotensin–aldosterone system (RAAS) is a 
key regulator of both blood pressure and kidney functions 
and one such example is the Angiotensin-converting gene 
(ACE). ACE encodes for a “dipeptidyl carboxypeptidase” a 
membrane-bound ectoenzyme found in different cells epi-
thelial cells of various including heart, kidney but in lungs 
it is present in abundance. ACE is located on the long arm 
of chromosome number 17 (17q23.3) and consists of 26 
exons and 25 introns with a length of 26 kb (GeneCards) 
(Fig. 2). ACE I/D polymorphism is characterized by the 
insertion (I-allele) or deletion (D-allele) of 287 bp Alu repeat 

Table 5   Genetic association of 
ACE,

* Significant Association

Genes Genetic model Genotypes/alleles CKD cases 
(n = 250)

Controls 
(n = 250)

OR (95% CI) p value

ACE Co-dominant II 77 85 1 (Reference) –
ID 110 116 1.05 [0.70–1.57] 0.8
DD 63 49 1.42 [0.88–2.30] 0.2

Dominant ID + DD 173 165 1.16 [0.80–1.68] 0.4
II 77 85 1 (Reference) –

Recessive DD 63 49 1.38 [0.91–2.11] 0.1
ID + II 187 201 1 (Reference) –

Allelic D 236 214 1.20 [0.93–1.53] 0.2
I 264 286 1 (Reference) –

CYP1A1 Co-dominant TT 98 108 1[Reference] –
TC 104 117 0.98 [0,67–1.43] 0.91
CC 48 25 2.11 [1.21–3.69] 0.007*

Dominant TC + CC 153 142 1.18 [0.82–1.68] 0.3
TT 98 108 1[Reference] –

Recessive CC 48 25 2.14 [1.27–3.60] 0.003*
TC + TT 202 225 1[Reference] –

Allelic C 200 167 1.33 [1.02–1.72] 0.03*
T 300 333 1[Reference] –

eNOS Co-dominant bb 147 182 1 (Reference) –
ba 94 64 1.82 [1.23–2.67] 0.002*
aa 9 4 2.79 [0.84–9.23] 0.1

Dominant ba + aa 103 68 1.88 [1.29–2.73] 0.001*
bb 147 182 1 (Reference) –

Recessive aa 9 4 2.30 [0.70–7.56] 0.2
ba + bb 241 246 1 (Reference) –

Allelic a 112 72 1.72 [1.24–2.38] 0.001*
b 389 428 1 (Reference) –

MTHFR Co-dominant CC 229 246 1 (Reference) –
CT 19 4 5.10 [1.71–15.22] 0.001*
TT 2 0 Not possible –

Dominant CT + TT 21 4 Not possible –
CC 229 246 1 (Reference) –

Recessive TT 2 0 Not possible –
CT + CC 348 250 1 (Reference) –

Allelic T 23 4 5.98[2.05–17.42] 0.0002*
C 477 496 s 1 (Reference) –
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sequence within the intron 16. The highest ACE activity has 
been found in DD homozygous genotype and the lowest in II 
homozygous genotype whereas ID heterozygous have inter-
mediate activity [13, 38]. DD- genotype of ACE increases 
the protein expression which in turn is responsible for a high 
level of angiotensin II.

In the present study the frequency of the risk allele 
(D) was slightly higher in CKD cases (0.47) and controls 
(0.43) (Table 4). Likewise, a higher frequency of wild 
I-allele was observed in the controls than in patients (0.57 
vs. 0.53) which was found in line with previous stud-
ies [30, 41]. The allelic frequencies reported in the pre-
sent study were also comparable to the findings of other 
researchers worldwide [5, 36, 49]. ACE locus is well 
known for its heterogeneity, as both D and I-allele are 
responsible for the susceptibility of disease in different 
populations.

The present study did not find any association of ACE I/D 
polymorphism with CKD in the study population. In respect 
of support to our study, different research suggests a non-sig-
nificant association with chronic kidney diseases [7, 13, 17, 
28, 50, 56]. However, several studies have depicted a strong 
association of ACE I/D polymorphism with CKD pheno-
types such as ESRD (End Stage Renal Diseases) patients in 
contrast to the results of the present study [1, 3, 15, 20, 31, 
33, 36, 51, 53, 59, 66]. There have been also reported the 
gender-wise effect of ACE where it is found that female is 
prone to CKD in different population [10, 38].

Aldosterone reductase is a rate-limiting enzyme for the 
synthesis of aldosterone from deoxycorticosterone where it 
catalyzes the conversion of 11-beta-hydroxycorticosterone 
into corticosterone then to 18-hydroxycorticosterone and 
finally 18-hydroxycorticosterone into aldosterone [47]. 
Aldosterone reductase is encoded by the CYP11B2 (8q24.3) 
(GeneCards) (Fig. 2) and mainly expressed in the zona glo-
merulosa of the adrenal cortex of the kidney and its expres-
sion is primarily regulated by angiotensin II and potassium. 
Concerning the common T344C variant located at a putative 
binding site for the steroidogenic transcription factor (SF-
1) [45] and are associated with elevated serum aldosterone 
level which is a potent cause of various diseases such as high 
blood pressure, ischemic stroke, renal function and ESRD 
(End-Stage Renal Disease) [44]. It has been reported that 
T-allele has five times less affinity than C-allele. The higher 
affinity of the C-allele leads to increased aldosterone syn-
thase production and hence aldosterone level in the serum 
[65].

In the present study, the -344 C allele was found to confer 
the risk of CKD [OR1.33 (1.03–1.72), p = 0.03], and also CC 
genotype was significantly associated with the risk of CKD 
susceptibility. Consistent with our study, different independ-
ent research and meta-analyses have shown the association 
of CYP11B2 T-344C polymorphism with CKD7 [43]. It has 

been also shown that TT genotype was significantly associ-
ated with increased risk in the Asian population [64, 67]. 
But in contrast, some studies reported the lack of associa-
tion of T-344C polymorphism with CKD. Vasudevan and 
the group did not find any association between CYP11B2 
polymorphism for ESRD in Malaysian subjects [62]. Lee 
and colleagues have suggested that the CYP11B2 polymor-
phism might not be a genetic marker for cardiovascular mor-
bidity with CKD in Korean ESRD patients [32]. Another 
investigation reported that there was no association between 
the CYP11B2 genotype and the progression of renal failure 
among ESRD patients [34]. Few studies have also failed to 
report the relationship of T-344C polymorphism with other 
diseases viz. HTN and T2DM [22, 44, 52] are considered 
risk factors for CKD.

Another important regulator of vascular tone is eNOS 
(endothelial Nitric Oxide Synthase), which is important for 
catalyzing the synthesis of nitric oxide (NO) from L-argi-
nine. eNOS (7q35-36) featured with 26 exons of the length 
of 21 kb is majorly expressed in the glomerular afferent and 
efferent arterioles (GeneCards) (Fig. 2). NO act as a potent 
vasodilator and regulates endothelial function by exerting 
vaso-protective effects by scavenging superoxide radicals 
and suppressing platelet aggregation, leukocyte adhesion, 
and smooth muscle cell proliferation [21, 48]. But, the pres-
ence of eNOS polymorphism such as the VNTR (Variable 
Number of Tandem Repeats) 4a/b polymorphism reduces 
the eNOS activity thereby reducing the NO level and there-
fore altering the blood nitrite and nitrate concentration and 
enzyme formation [4, 35]. The reduction in NO release 
may predispose individuals to vascular abnormalities and 
endothelial dysfunction which leads to the progression of 
chronic renal failure, and ESRD [48].

eNOS was found to be significantly associated with the 
CKD utilizing different models (Table 5). In support, dif-
ferent research groups have supported the fact of associa-
tion and showed a significant rise in the likelihood of the 
disorder [9, 11, 19]. It has been also shown that the eNOS 
4a allele was a risk factor for ESRD in children with CKD 
[18, 44]. This might help to understand the gene is vital in 
the progression of diseases which has been also shown to a 
6.3 folds risk in the progression of diabetic nephropathy [2, 
39]. By polling different studies and increasing, the power 
of the study, meta-analysis has shown that eNOS 4a/b poly-
morphism is a potent candidate for CKD in Asian but not in 
non-Asian [25, 68]. However, some other studies observed 
that VNTR intron 4a/b polymorphism shows no association 
with renal disease comorbidity with T2DM in Caucasian-
Brazilians [48], diabetic nephropathy in Iraq population [4], 
Egyptian population [55], and Japanese population [54].

MTHFR (1p36.3) a gene with 11 exons and a length of 
1980 bp encodes for Methylenetetrahydrofolate reductase, 
which plays a major role in the folate and homocysteine 
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pathway where it catalyzes the conversion of 5,10-methyl-
enetetrahydrofolate (5,10-MTHF) to 5-methyltetrahydro-
folate (5-MTHF) (GeneCards). 5-5-MTHF is a circulating 
form of folate and it also acts as a peroxynitrite scavenger 
it also affects endothelial function by diminishing the gen-
eration of vascular superoxide and enhancement in nitric 
oxide levels [6]. Missense mutation from C to T in exon 4 
at nucleotide 677 causes the substitution of alanine (A) to 
valine (V) at codon 222 within the catalytic region of the 
MTHFR protein, resulting in the production of thermolabile 
form of the enzyme [52] which decreases the enzyme activ-
ity. Decreases in the activity of MTHFR lead to a decreased 
pool of methyl-THF and are associated with hyper-homo-
cysteinemia, particularly in the folate-deficient states [57].

In the present study, the allelic model suggests that the 
risk allele ‘T’ was adding approximately sixfold risk [OR 
5.98, (p = 0.002)] towards CKD development. Other than 
an allelic model, the heterozygous co-dominant model with 
OR 5.10, 95% CI [1.71–15.22], (p = 0.001) observed a sig-
nificant association of MTHFR C677T gene polymorphism 
with CKD. Concerning our study, different meta-analyses 
suggested that the MTHFR 677 T allele was more likely to 
increase the risk of DN in Asian, West Asian, and Chinese 
populations but not in East Asian or Japanese populations, 
and also among Africans or Caucasians, North Chinese 
than in South Chinese population [12, 23, 63]. Dong and 
group reported that the “677 T” was significantly responsible 
for the decreased kidney function in hypertensive Chinese 
males [16]. Significant association of TT genotype of C677T 
with CKD and the researchers also provided 1.39 folds risk 
associated with TT-genotype [26, 27, 37]. It has been also 
shown that the rare variant may increase the mortality risk 
in patients with ESRD [27]. It has been also shown that a 
higher risk of ESRD was observed for “677 TT” genotype in 
diabetic patients [14], and the suggested significant associa-
tion of C677T polymorphism with CKD progression in DN 
[46]. The chance of risk of CVD (Cardio Vascular Diseases) 
in ESRD patients significantly increases due to the presence 
of 677 T.

Apart from such positive association studies, some stud-
ies indicate the non-association of C677T. In the Mexi-
can population, there was no significant association was 
observed [24]. It has been found that C677T could have a 
protective role on renal function among dialysis patients in 
end-stage renal failure [60]. A protective role on renal func-
tion in non-diabetic patients without hyper-homocysteinemia 
and an adequate alimentary regimen of MTHFR C677T pol-
ymorphism were also reported [61]. Non-significant associa-
tion of MTHFR C667T polymorphism with cardiovascular 
risk in end-stage renal disease and mortality [8, 42].

Enclosing the section, conflicting results have been 
reported by the different research groups and this might be 
due to differences in ethnicity and geographical background. 

Also, the disparity might be due to the different sample 
sizes, and techniques used for the genotyping.

Conclusion

Chronic kidney diseases are described by the decreased 
ability of the kidney to perform its usual functions, which 
include removing waste products from the blood, control-
ling blood pressure, and producing erythropoietin (CKD). 
In conclusion, this molecular epidemiology study shows the 
variation in CYP11B2, eNOS, and MTHFR (T344C, 4a/b 
allele, and rs1801133 respectively) significantly increases 
the risk of CKD in the region of Jammu of the north Indian 
population.
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