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Abstract Patients with type 2 diabetes (T2DM) are
usually obese and concurrent obesity results into activation
of the renin—angiotensin-system (RAS) which is a risk
factor for diabetic nephropathy (DN). Gene—gene interac-
tion between acetyl-coenzymeA carboxylase beta (ACACJ3)
gene, which is involved in fatty acid metabolism and
angiotensin II receptors (AGTRI) gene, which mediates
RAS proteins actions on renal tissue, polymorphism with
DN have not been studied earlier. The present study was
designed with the aim to examine the association of an
ACACP (rs2268388) and AGTRI (rs5186) gene polymor-
phism with the risk of DN in Asian Indians. 1,158 patients
with T2DM belonging to two independently ascertained
North Indian and one South Indian cohorts were genotyped
for ACACf (rs2268388) and AGTRI (rs5186) polymor-
phism using real time PCR-based Tag-man assay and
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PCR-RFLP assays. In all the three cohorts, a significantly
higher frequency of T allele and TT genotypes of ACACf
and C allele and CC genotypes of AGTRI were found in
patients with DN as compared to patients without
nephropathy. Further, T allele of ACACf and C allele of
AGTRI were found to be significantly associated with
proteinuria, a hallmark of DN. We also found significant
epistatic interactions between these two genes. TT geno-
types of ACACf gene and CC genotype of AGTR1 gene
confers the risk of DN and both genes had significant
epistatic interaction in Asian Indian patients with T2DM.
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Introduction

Diabetes mellitus is a leading cause of end stage renal
disease in developed as well as developing countries [1].
Diabetic nephropathy (DN) develops only in 3540 % of
diabetic patients and familial clustering of nephropathy in
both type 1 and type 2 diabetes mellitus (T2DM) underlies
the importance of genetic factors in the development and
progression of DN [2].

The renin—angiotensin system (RAS) has been strongly
implicated in the pathogenesis of progressive renal diseases
[3]. RAS plays a central role in the regulation of blood
pressure, sodium homeostasis, and renal hemodynamics.
Its action is mediated primarily by angiotensin II which
acts on type 1 angiotensin II receptors (AGTRI1) in the
vasculature, leading to vasoconstriction, and on the zona
glomerulosa, where it stimulates the secretion of aldoste-
rone and leading to mesengial fibrosis [4]. Adipocytes do
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have capacity to synthesize and secrete RAS proteins and
hence, obesity is associated with increased aldosterone
levels and it correlates with high blood pressure, high waist
circumference, and low HDL cholesterol levels [5].

There are epidemiological evidences which indicate that
obesity and increase in free fatty acid (FFA) levels are
independent risk factors for development of DN [6]. The
enzyme responsible for the metabolism of fatty acid is
acetyl-coenzymeA carboxylase beta (ACACf) which
converts acetyl-CoA to malonyl-CoA and this product is
known to inhibit carnitine palmitoyl-CoA transferase
resulting in inhibition of mitochondrial beta oxidation of
fatty acids [7]. Thus, activity of ACACp gene results into
accumulation of FFA in the cell resulting into lipotoxicity.

There is dearth of literature on association of AGTRI gene
polymorphism (rs5186) and DN in patients with T2DM, and
furthermore, published literature shows inconsistent results.
Eight studies have examined the role of AGTRI (A1166C)
gene polymorphism and risk of DN till date, of which two
were from India and results were inconsistent across differ-
ent populations [8—15]. In a study by Ahluwalia et al. [14],
showed that the frequency of C allele of AGTR1 A1166C was
higher in North Indian subjects with T2DM and CC genotype
was associated with six-fold higher risk of DN. However,
another study from India by Prasad et al. [15] did not find risk
with A1166C and chronic renal insufficiency in Asian
patients with T2DM.

Recently, a single nucleotide polymorphism (SNP) in
intron 18 of the ACACf gene was found to be associated
with proteinuria in Japanese patients [16]. The frequency of
the T allele for SNP rs2268388 was consistently higher in
Japanese patients with T2DM and overt proteinuria. This
finding was replicated in European Americans with T2DM
associated ESRD [16]. Similar findings were also noted in
Chinese patients with T2DM and DN [17].

Aforesaid, obesity is a state of RAS over activity.
Therefore, we hypothesize that combinational effect of
ACACP gene and AGTRI gene polymorphism may be more
detrimental for renal tissue in patients with T2DM. The
gene interaction between these two genes have not been
studied till date and hence, the present study was designed
with the aim to examine the association of an ACACf
(rs2268388) and AGTRI (rs5186) gene polymorphism with
susceptibility to DN in Asian Indians.

Methods
Study population
Two independently ascertained T2DM cohorts of North

Indian origin, visiting Endocrinology and Nephrology
Clinics of Postgraduate Institute of Medical Education and
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Research, Chandigarh, India between June 2006 and Sep-
tember 2007 (cohort 1) and July 2009 and April 2011
(cohort 2) were studied in this study. Cohort 1 consisted of
240 patients with DN and 255 T2DM patients without
nephropathy (DM); cohort 2 had 260 patients with DN and
215 patients had DM. Replication studies were performed
in a population of 92 patients with DM and 96 DN patients
recruited from Madras Diabetes Research foundation
(MDRF), Chennai, South India that formed cohort 3. All
the subjects in both groups were age, and ethnicity mat-
ched. The research carried out was in compliance with the
Helsinki Declaration.

Patients with diagnosis of T2DM and duration of
DM >S5 years were screened for the presence of nephrop-
athy. DN was defined as (a) 24 h protein excretion
>500 mg and or, (b) an urine albumin:creatinine ratio
>300 pg/mg without any clinical or laboratory evidence of
other kidney disease. T2DM patients and the absence of
proteinuria (24 h protein <150 mg) and or urine albu-
min:creatinine ratio <30 pg/mg (measured on two con-
secutive occasions) formed DM group. Patients with type 1
diabetes (T1DM) and any known non-diabetic renal disease
were excluded from the study.

Ethics statement

The study was approved by the Ethics committee of Post
Graduate Institute of Medical Education and Research,
Chandigarh, India and also by the Ethics committee of
Madras Diabetes Research Foundation, Chennai, India.

Genotyping

Genomic DNA was isolated from peripheral blood lym-
phocytes using proteinase K digestion and phenol chloro-
form method. The ACACJ; gene polymorphism, (rs 2268388)
was determined using real time PCR-based Tag-man assay
(Applied Biosystems, Foster City, CA) following manufac-
turer’s instructions. The AGTRI (rs5186) gene polymor-
phism was determined using the PCR-restriction fragment
length polymorphism technique as described by Ahluwalia
et al. [14]. Primers for the SNPs were designed using the
Primer 3 software [18]. Positive and negative controls were
used in each genotyping run, and 5 % of randomly selected
samples were re-genotyped by other lab personnel with
100 % concordance. The genotypes were also confirmed by
randomly sequencing some of the samples.

Statistical analysis
The statistical tests were performed, using the SPSS Inc.,

Chicago, IL version 11.0. We tested the genotype and
allele frequencies for deviation from Hardy—Weinberg
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equilibrium (HWE) proportions using Hardy—Weinberg
equilibrium calculator [19]. Discrete and continuous vari-
ables were compared between cases and controls using
Pearson’s ¢ test and unpaired ¢ test or Mann—Whitney U
test as appropriate. Comparison of variables between dif-
ferent genotypes was performed using ANOVA for nor-
mally distributed data and Kruskal-Wallis test for skewed
data. Power of the sample size (subjects) was calculated
using the PAWE software (http://linkage.rockefeller.edu/
pawe). Multivariate logistic regression was used to com-
pute odds ratio for risk of nephropathy. p < 0.05 was
considered as statistical significant. We also evaluated the
gene—gene interactions among the large number of loci in
our study using the multiple dimensionality reduction
(MDR) method [20].

Results
Baseline characteristics of study participants

Baseline characteristics of the subjects with T2DM enrol-
led in the three cohorts are given in Table 1. In all the three
cohorts, patients with DN had significantly higher systolic
blood pressure, HbAlc, serum creatinine, and lower eGFR
and duration of HT as compared to DM. The mean duration
of T2DM was similar in DN and DM group.

Allele and genotype frequency of ACACS (rs2268388)
and AGTRI (1rs5186) gene polymorphism

Allele and genotype frequency of ACACS and AGTRIgene
polymorphism in all the three cohorts is shown in Table 2.
The genotyping frequencies were in HWE for the three
cohorts (p > 0.05) for AGTRIgene polymorphism, but were
not in HWE for (p < 0.05) for ACACp gene polymorphism.

The frequency of ‘T’ allele and TT genotype of ACACS
gene and ‘C’ allele and CC genotype of AGTRI gene was
significantly higher in DN patients as compared to DM.
Patients with CT and TT genotypes of ACACf gene were
associated with nearly double and five times the risk for
DN, respectively, compared to patients with CC genotype
of ACACp gene. Similarly, patients with AC and CC
genotype of AGTRIgene were associated with nearly two-
fold and six-fold increased risk for DN, respectively
compared to patients with AA genotype.

Clinical characteristics of the study subjects according
to AGTR1 A1166C (rs5186) and ACACS (rs 2268388)
genotypes

Patients with TT genotype of ACACS and CC genotype of
AGTRI had significant overt proteinuria and lower eGFR in

Table 1 Baseline characteristics of study subjects

Cohort 2 Cohort 3

Cohort 1

Baseline characteristics (mean + SD)

p value

DN (96)

DM (92)

p value

DN (260)

DM (215)

p value

DN (240)

DM (255)

0.08
0.97

60.5 £ 8.7

535 £ 12.1

<0.001

55.7£09.1

589 £ 9.7

0.32
1.0

>0.05

60.12 £ 6.2

58.1 £ 8.0

Age (years)
Sex M/F (n)

53/43 (55/45)
174 + 7.0
56+ 59

47/45 (51/49)
13.0 £238
82 + 4.9

0.001
0.34

162/98 (62/38)
12.7 £ 59
55+6.1

101/114 (47/53)

122 £ 7.1
7.8 £69

94/146 (39/61)
163 £33
54+ 49

105/150 (41/59)
15.62 £ 5.25

8.1+58

>0.05

Duration of diabetes (years)
Duration of HTN (years)

BMI (kg/m?)
SBP (mmHg)

<0.001
0.06
<0.001
<0.001
<0.001
<0.001

<0.05

0.001
0.6

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.05

245 £ 3.7

258 £ 4.0

25.6 £ 45

258 £ 4.0

27.8 £29

2395 £29

143.5 £ 20.5
85.1 £ 10.5
89+ 1.9
45+13

127.4 £ 17.6
772 £ 122
8.0+ 1.8

0.01
0.15

<0.05

1354 £ 21.1
81.9 + 8.0
87+21
4.1+ 1.7

129.2 £ 159
80.5 + 6.9
81+ 1.7
09 £0.2

1454 £ 225
88.8 £ 10.2
88+ 1.9

135.08 £ 17.7

84.21 £ 7.51
8.0+ 2.0

DBP (mmHg)
HbAlc (%)

51.0 £0.2
99.2 £ 18.6

<0.001
<0.05

422 £2.07
59.8 £+ 34.7

1.14 £ 0.11
98.3 £ 19.8

S.creat (mg/dl)
eGFR (ml/min)

56.3 £ 18.9

579 £ 36.5

98.2 £ 19.6

M male, F female, BMI body mass index, WC waist circumference, HTN hypertension, Hb hemoglobin, SBP systolic blood pressure, DBP diastolic blood pressure, S.creat serum creatinine,

eGFR estimated glomerular filtration rate by MDRD formula
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C = 141 (0.73)
T = 51 (0.27)

CC = 59 (0.61)
CT = 23 (0.24)
TT = 14 (0.15)

— 163 (0.89)
21 (0.11)
CC = 74 (0.81)
CT = 15 (0.16)
TT = 3 (0.03)

C
T

390 (0.75)

C=

383 (0.89)
47 (0.11)

C
T

357 (0.74)

C=

450 (0.88)
60 (0.12)
CC = 205 (0.80)

CT = 40 (0.16)
TT = 10 (0.04)

C
T

Allele frequency

2.81 (1.61-4.90) 0.0003

2.68 (1.87-3.84) 0.0001

T = 130 (0.25)
CC = 164 (0.63)
CT = 62 (0.24)
TT = 34 (0.13)

2.58 (1.84-3.62) 0.0001

T = 123 (0.26)
CC = 150 (0.62)
CT = 57 (0.24)
TT = 33 (0.14)

174 (0.81)

CC =

Genotype frequency

1.92 (1.12-4.01) 0.04
5.85 (1.61-1.33) 0.003

CT = 34 (0.16) 1.96 (1.22-3.13) 0.007
TT = 7 (0.03)

1.95 (1.23-3.07) 0.005
4.51 (2.16-9.44) 0.0001

5.21 (2.25-12.08) 0.0001

Cohort 3

Cohort 2

Cohort 1

OD (95 % CI)
p value

DN (1 = 96)

OR (95 % CI) DM (n = 215) DN (n = 260) OR (95 % CI) DM (n = 92)
p value p value

DN (n = 240)

DM (n = 255)

AGTRI

1.92 (1.08-2.12)

0.008

125 (0.65)
67 (0.35)

A
C

147 (0.80)
37 (0.20)

A
C

346 (0.67) 1.46 (1.10-1.94)
174 (0.33) 0.009

A
C

321 (0.74)
109 (0.26)

A
C

1.46 (1.11-1.92)

0.006

320 (0.67)

A=

380 (0.75)
130 (0.25)

A
C

Allele frequency

C =160 (0.33)

AA

AA =39 (041) 1.4 (1.3-2.1)
0.3

AC = 45 (0.47)
CC = 12(0.12)

AA = 50 (0.54)
AC = 40 (0.44)
CC = 2 (0.02)

1.1 (0.7-1.7)

0.6

AA = 112 (0.43)
AC = 122 (0.47)
CC = 26 (0.10)

109 (0.51)

AA =

1.18 (0.82-1.7) 0.35
6.04 (2.23-16.3)

<0.0001

104 (0.42)

131 (0.50)

AA =

Genotype frequency

AC = 101 (0.47)
CC = 4 (0.02)

AC = 112 (0.48)
CC = 24 (0.10)

AC = 119 (0.48)
CC =5 (0.02)

6.9 (1.6-25.6) 0.004

6.3 (1.7-23.4) 0.006

the all the three cohorts (Table 3). Further, in dominant
model (CC vs CT + TT) genotypes, and (AA vs
AC + CC) patients with CT + TT genotypes of ACACf
and AC + CC genotype of AGTRI also showed higher
proteinuria & lower eGFR suggesting an association of T
allele of ACACS and C allele of AGTRI with DN
(Table 3). We also observed similar association between
genotype and proteinuria in the group of patients without
DN.

Gene-gene interaction

We analyzed the gene—gene interactions among AGTRI
and ACACp gene variants, evaluating the two-way SNP
combinations using MDR approach. MDR approach is
considered to be a better tool for estimating epistatic
interactions, as compared conditional logistic regression
[21]. (p < 0.012; based on 1000-fold permutation test).
The two-locus model had a prediction error of <35 % and
were significant (p < 0.05) in all the three cohorts, as
determined empirically by permutation testing (Table 4).
The two-locus model comprising AGTRI and ACACP
SNPs was significant (p < 0.05) in all the three cohorts.

Discussion

We observed higher prevalence of T allele and TT geno-
type of ACACP (rs2268388) and C allele and CC genotype
of AGTRI (rs5186) polymorphisms in three independently
ascertained T2DM cohorts with DN, which were associated
with proteinuria in patients with T2DM. Patients with TT
genotypes of ACACf gene and CC genotype of AGTRI
gene were associated with nearly five-fold and six-fold
increase in risk for DN, respectively.

The activation of RAS has been strongly implicated in
pathogenesis of DN [3]. Angiotensin II is a potent vaso-
constrictor and it stimulates salt and water retention lead-
ing to systemic hypertension which is major risk factor for
DN. Not only systemic RAS but local renal RAS is too
important as studies have shown that mesangial cells and
podocytes synthesize angiotensin II and express AGTR1
receptor. This results in renal hemodynamic alterations and
mesangial cell proliferation thereby perpetuating renal
tissue injury [22]. Pereira et al. [23] showed that hyper-
activity of intracellular RAS induced overproduction of
mesangial matrix components was reversed by AGTRI-
receptor antagonist. Renal tissue RAS might be activated in
the respect that ACE gene expression is upregulated in
spite of a tendency to low renin expression in DN [24].
Strategies to control intracellular RAS activity may con-
tribute to reduce the impact of diabetes on renal function
and minimize the progression of chronic renal disease.
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Table 3 The baseline characteristics of study subjects according to ACACf and AGTRI genotype

ACACP Cohort 1

Variables CC (150) CT (57) TT (33) p CT + TT (90) )4

Proteinuria (mg/24 h) 750.6 + 107.1 1121.3 £+ 143.1 1398.2 + 113.0 <0.05 1222.3 +£ 127.1 <0.05

S.creatinine (mg/dl) 42 £+ 0.6 41+03 44 £0.5 0.2 42 £ 0.1 0.2

eGFR (ml/min) 66.8 £ 33.9 509 £ 355 45.6 £+ 33.9 <0.05 52.3 £ 36.6 <0.05

ACACB Cohort 2

Variables CC (164) CT (62) TT (34) p CT + TT (96)

Proteinuria (mg/24 h) 760.3 £+ 105.5 1121.3 £ 144.2 1322.6 + 114.6 <0.05 1269.3 £+ 126.9 <0.05

S.creatinine (mg/dl) 41+£04 40+£0.2 43 +£04 0.1 41+£02 0.1

eGFR (ml/min) 66.3 £ 34.1 529 £ 33.0 42.1 £31.2 <0.05 54.1 £ 339 <0.05

ACACS Cohort 3

Variables CC (59) CT (23) TT (14) P CT + TT (37) )4

Proteinuria (mg/24 h) 789.6 £ 105.6 1123.6 &+ 144.3 1423.6 £+ 102.3 <0.05 1248.6 + 131.2 <0.05

S.creatinine (mg/dl) 4.6 £0.3 4.7 £ 0.1 49 +£03 0.2 48 £03 0.2

eGFR (ml/min) 66.1 £ 33.8 529 + 34.1 46.8 £+ 32.0 <0.05 494 £ 33.1 <0.05

AGTRI Cohort 1

Variables CC (104) CT (112) TT (24) P CT 4 TT (136) )4

Proteinuria (mg/24 h) 741.6 £ 111.4 1162.3 £+ 130.0 1410.6 &+ 108.9 <0.05 1269.3 £+ 121.3 <0.05

S.creatinine (mg/dl) 42 £ 0.1 43 £0.1 42 +03 0.1 43 +£0.1 0.1

eGFR (ml/min) 69.1 + 32.1 51.1 £ 326 459 £ 31.6 <0.05 54.1 £355 <0.05

AGTRI Cohort 2

Variables CC (112) CT (122) TT (26) p CT 4 TT (148)

Proteinuria (mg/24 h) 7543 £ 113.3 1223.7 £+ 144.6 1410.3 £ 128.6 <0.05 1305.6 £+ 140.6 <0.05

S.creatinine (mg/dl) 47 +0.2 48 + 0.6 46 £ 0.6 0.1 47 £ 0.5 0.1

eGFR (ml/min) 69.1 £ 33.6 51.6 £ 329 43.6 £ 30.8 <0.05 55.1 £329 <0.05

AGTRI Cohort 3

Variables CC (39) CT (45) TT (12) p CT + TT (57) )4

Proteinuria (mg/24 h) 748.6 + 102.3 1162.3 £+ 141.3 1456.3 £+ 126.3 <0.05 1248.6 + 131.2 <0.05

S.creatinine (mg/dl) 4.6 £0.3 4.7 £ 0.1 49 +£03 0.2 48 £03 0.2

eGFR (ml/min) 66.1 £ 33.8 529 + 34.1 46.8 £+ 32.0 <0.05 49.0 £+ 34.0 <0.05

eGFR estimated glomerular filtration rate

All the values are in mean £ SD

Table 4 Two-locus interaction model by multifactor dimensionality reduction method for the study group

Locus number, Cohort 1 Cohort 2 Cohort 3

locus combination — — —
OR (95 % CI) )4 Prediction OR (95 % CI) )4 Prediction OR (95 % CI) P Prediction

error” (%) error” (%) error (%)
Two locus, 2.51 (0.85-3.12) <0.05 32.16 2.62 (0.98-2.98) <0.05 33.61 247 (0.78-3.02) <0.05 31.17
rs65186/rs2268388

* p < 0.012 based on 1000 permutations
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Further investigations including assessment of disease
stage and severity might provide further insight into the
role of RAS in human DN. Mutant genotype of AGTRI
(rs5186) polymorphism probably increase the vascular
responsiveness of angiotensin II or activation of AGTRI1
receptors within the renal tissue leading to systemic as well
as glomerular hypertension, proteinuria, and development
of DN. Several studies have reported the association of
AGTRI gene polymorphism and development of hyper-
tension [25] and this mutation predicts the response to
angiotensin II blockers [26], thus strengthening the detri-
mental effect of A1166C AGTRI mutation. AGTRI
A1166C polymorphism has been shown to be associated
with an increased risk of microalbuminuria [8] and a faster
progression of DN in patients with T2DM [10]; however,
in contrast, data from several studies have observed no
association between the A1166C polymorphism and dia-
betic renal disease [27]. The inconsistent findings suggest
that a more complex model consisting of still poorly
understood combinations of several RAS gene variants
may be affecting disease susceptibility [25].

Our literature search revealed eight studies published
across the world highlighting the role of AGTRI (A1166C)
for DN in T2DM [8-15]. Four studies implicated C allele
or CC genotypes of AGTRI as positive predictors of DN,
while rest failed to show any association between the two.
The conflicting results in above said studies were ascribed
to different ethnic population, varying definition of DN,
difference in sample size and a more complex model
consisting of still poorly understood combinations of sev-
eral AGTRI gene variants may be affecting disease sus-
ceptibility [28]. The recent meta-analysis of 34 published
studies on association of RAS genes and DN in both T1DM
as well as in T2DM clearly demonstrated three-fold higher
risk with CC genotype of AGTRI (A1166C) for DN in
patients with T2DM [29]. Our study also confirms the
same; CC genotype of AGTRI gene polymorphism was
associated with nearly six times higher risk of DN.

Obesity has been shown as an independent risk factor for
Chronic Kidney disease [6]. This has been linked to
increased FFA turnover and defective mitochondrial beta
oxidation in various tissues thereby resulting into accumu-
lation of FFA in renal tissue exerting lipotoxicity [30].
Proposed mechanisms for renal lipotoxicity mediated injury
with TT genotype of ACACP include; (a) higher adipose
tissue mass due to increased ACACS activity is associated
with increase in leptin, interleukin-6 levels and decrease in
adiponectin levels resulting into worsening of hyperglyce-
mia which leads to glucose mediated renal tissue injury [30].
(b) increased mRNA expression for renin—angiotensin—
aldosterone system proteins by visceral adipose tissue, fur-
ther perpetuates renal injury [31]. (c) Observational data also
supports that hyper triglyceridemia, which is a component of

@ Springer

obesity and metabolic syndrome is also associated with
progression of nephropathy [32], and (d) mice model
showed that ACACS is expressed in glomerular tissues and
expression of it is associated with increase in proinflam-
matory cytokines [33, 34]. Therefore, ACACf-gene muta-
tion confers the risk probably via lipotoxicity and hence, the
risk is more in T2DM who are usually obese.

There were only two studies published so far on ACACf
gene polymorphism and development of DN [16, 17]. First
published study by Maeda S and coworkers [16] showed
higher frequency of the T allele for SNP rs2268388 in
Japanese patients of T2DM with overt proteinuria, an
observation that was replicated in European Americans
patients of T2DM with ESRD and in a meta-analysis for
Asians with T2DM and proteinuria. However, they failed
to show the association of T allele with DN in patients with
T1DM. This reflects different genetic susceptibility among
T1DM and T2DM furthermore, T2DM subjects are obese
and hence ACACP polymorphism with enhanced activity
may be more detrimental in patient with T2DM than
T1DM. Another study by Chinese group also replicated the
association between DN and rs2268388 in patient with
T2DM, as seen in Japanese and European Americans [17].
We noted higher frequency of T alleles of ACACfS gene
and TT genotype was associated with nearly five times
higher risk of DN. In vitro functional analysis revealed that
a 29-bp DNA fragment, including rs2268388, had signifi-
cant enhancer activity in cultured human renal proximal
tubular epithelial cells. Fragments corresponding to the
disease susceptibility allele (T) had higher enhancer
activity than those of the major allele. These results suggest
that ACACf gene is a strong candidate for conferring
susceptibility for proteinuria in patients with T2DM [16].
Common polymorphisms of ACACS gene rs2268388 has
been shown to be associated with obesity and, indepen-
dently, with T2DM in postmenopausal women, suggesting
that the activity of ACACf gene plays an important role in
these disorders related to energy metabolism [35].

Till date, none of the studies have examined the additive
effects of both genes on risk for DN. Therefore, we eval-
vated the gene—gene interaction of ACACS (rs2268388)
and AGTRI (rs5186) genes to determine the significance of
interactive and/or additional effects of variant combina-
tions using MDR. We found significant epistatic interac-
tions between ACACS (rs2268388) and AGTRI (rs5186)
genes. However, we could not measure ACACf and
AGTRI expression in these subjects as we did not have
access to renal tissue from these subjects as renal biopsy
from these subjects. However, we observed that T allele
carriers of ACACf and C allele carriers of AGTRI also
showed overt proteinuria, estimated decreased eGFR which
are both markers of renal dysfunction, further suggesting
an association of T allele with DN.
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Significant deviation from HWE of genotype distribu-
tion in the present population in ACACS (rs2268388) gene
polymorphism is may be due to moderate population size
or the allele is rare which can cause a random change in
allele frequencies. High frequency of mutation occurring at
the specific loci can also cause deviation from equilibrium
of genotype distribution in the present population.

There are several strengths and limitations in our study.
Recruitment of ethnically homogenous diabetic subjects, thus
avoiding phenotyping errors and bias, large predetermined
sample size for these variants to have a minimum power of
75 % which has been shown to be adequate for association
studies [36], confirmation of the absence of microalbuminuria
on two or more occasions for the control group to insure a
good selection of control diabetic group are the major strength
of the study. However, our study may be still underpowered
for low-frequency SNP. Moreover, positive associations
observed between ACACP (rs2268388) and AGTRI (rs5186)
polymorphism and DN do not seem to be due to chance, as
this association was replicated in three independent cohorts in
our study. One of the limitations is cross-sectional design of
the study. The present study fulfills most of the prerequisites
for a good genetic association study as suggested by Bird et al.
[37]. The positive association of ACACf (rs2268388) and
AGTRI (rs5186) polymorphism with increased risk of DN in
our study suggests that ACACf and AGTRI gene may be a
critical contributor to the DN. Even though it may be a long
way before the clinically relevant therapies targeting these
genes or its promoters to prevent progression of DN come into
play, but it certainly shows some hope in making the outcome
better for patients who progress to ESRD secondary to dia-
betes related complications.

Conclusion

In conclusion, the TT genotype of ACACP (rs2268388) and
CC genotype of AGTRI (rs5186) gene polymorphisms are
independent risk factors for DN in Asian Indian patients
with T2DM.
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