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Background: Aldose reductase (AR) is the rate-limiting enzyme in the glucose metabolism, which has been implicated in the
pathogenesis of diabetic microvascular complications (MVCs). Frequent C-106T polymorphism in the promoter of the AR gene may
change the expression of the gene. Aims: The aim of the following study is to study the association between AR C106T genotypes
and diabetic MVCs in Iranian population. Materials and Methods: We included 206 type 2 diabetic patients categorized into two
groups according to the presence or absence of diabetic microangiopathy. The cases of interest were diabetic neuropathy, retinopathy
and nephropathy identified during clinical and or laboratory examination. In addition, 114 age- and sex-matched individuals were
selected to serve as a control group. AR genotyping was done using an amplification gel electrophoresis. Results: The frequency
of CC genotype was specifically higher in subjects with diabetic retinopathy as compared to those without it (53.2% vs. 38.1%,
P = 0.030). Patients with diabetic microangiopathy in general; however, did not differ significantly between AR genotype groups.
Conclusion: The C-106T polymorphism in the AR gene is likely a risk factor for development of only retinal complication of diabetes

microvascular in Iranian individuals.
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INTRODUCTION

Diabetic microvascular disease, one of the most important
complications in diabetes mellitus (DM), has been considered
a major cause of health impairment wotld-wide."* Many
biochemical mechanisms have explained the structural and
functional abnormalities associated with overexposure of
the vascular tissues to hyperglycemia including advanced
glycation end products, increase in aldose reductase (AR)
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activity, free radicals accumulation and protein-kinase C
activation through diacylglycerol accumulation. All these
pathways, are associated with the production and signaling
of vascular endothelial growth factor, contributing to the
development of diabetic complications.*! Although disease
duration is the main predictive factor for the development
of diabetic microvascular complications (MVCs); including
nephropathy, neuropathy and retinopathy; an associated
condition including glycemic control, blood pressure and
genetic susceptibility specially in the polyol pathway may
modify development of these complications.” 'l AR, the
first enzyme of the polyol pathway, probably plays a vital
role in the pathogenesis of the long-term complications of
diabetes by means of alterations that result from sorbitol
increase and myo-inositol reduction due to increase enzyme
activity and expression of the AR gene.l' Persistent
hyperglycemia causes increased enzyme activity and
expression of AR and a reduced flux of enzyme sorbitol
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dehydrogenase. This imbalance results in the accumulation
of sorbitol, which leads to several abnormalities in cellular
metabolism and hence contributes to the development
of diabetic complications.”® Although, a C-106T single
nucleotide polymorphism in the promoter of the AR
gene (AKR1B1) is associated with AKR1B1 expression,
however, whether this polymorphism is associated with the
development of diabetic MVCs is still challenging.!"”*! The
prevalence of DM in the Iranian population is estimated
to be relatively high; around 8% in the population aged
between 30 and 69 years.***" 'To the best of our knowledge,
there are no studies investigating the influence of AR
polymorphism on this subpopulation to date. Hence, this
study was undertaken to investigate whether the C-106T
allele of the AR gene polymorphism is associated with
MVCs in a group of Iranian participants with type 2
diabetes.

MATERIALS AND METHODS

Ethical certificate was obtained from the ethics committee
of the Molecular Biology Research Center of Mazandaran
University of Medical Sciences. The study was performed
in Sari city where subjects in this study were Iranian people
living in Mazandaran province and all provided informed
consent to participate. Deoxyribonucleic acid (DNA)
samples from 206 Iranian patients with type 2 diabetes
were taken. A total of 114 DNA samples from normal
healthy Iranian subjects who had no family history of
diabetes were randomly taken to obtain control frequencies.
Participants were recruited from the Eye Clinic and from
the diabetic out-patient clinic of the Diabetes Research
Centre Sari. The inclusion criteria were defined as all
diabetic patients with at least 5 years disease duration.
Patients with pregnancy, heritable diseases (such as
Biedle), chronic drugs using (such as corticosteroids),
uveitis and retinal dystrophy and those aged 75 years or
older were excluded from study. Patients underwent a
comprehensive clinical and ophthalmic evaluation. The
following demographic, clinical and laboratory information
was documented for each subject: Age, sex, diabetes, age
of onset and duration, presence of hypertension (blood
pressure was corrected according to sex and age, presence
of chronic complications (neuropathy and proteinuria),
funduscopy, average three last glycosylated HbAlc, serum
lipids and insulin usage. Blood pressure was measured, with
hypertension being defined as systolic pressure 140 mm Hg
or greater or diastolic pressure 90 mm Hg or greater. In
this case-control study, comparisons between the groups
of patients were performed according to the presence or
absence of MVCs. Patients were also compared with a
control group of 114 healthy individuals who had been
studied from the same geographical region. All the subjects

were informed about the aim of the study and gave their
written consent.

The MVCs of interest were diabetic neuropathy, retinopathy
and nephropathy, as previously described.” These are
summarized as follows.

Retinal evaluation was performed by trained
ophthalmologist and in case of abnormalities, documented
by fundus fluorescein angiography. In the presence of
diabetic retinopathy, it was classified as non-proliferative
diabetic retinopathy (NPDR) and proliferative diabetic
retinopathy (PDR).*!

All patients provided two separate 24 h urine collection
samples. Nephropathy was classified as an albumin
excretion rate 30-300 mg/1/24 h as microalbuminuria
and >300 mg/1/24 h as gross albuminuria in a timed urine
collection after excluding urinary tract infection.P”

Clinical evaluation for peripheral neuropathy was
performed according to neurophysiologic studies with
nerve conduction velocity (NCV). The clinical staging of
petipheral neuropathy was defined according to involvement
of the 14 nerves (both median, ulnar, peroneal, posterior
tibial motor nerves and both median, ulnar, sural sensory
nerves) as follows: Stage 0 (no neuropathy); Stage 1 (mild),
one or two nerves affected; Stage 2 (moderate), three or

four nerves affected; Stage 3 (severe), five or more nerves
affected.b"!

The tests described in autonomic dysfunction are
based on the responses of the heart rate and blood
pressure to a variety of stimuli. A test reflecting cardiac
parasympathetic damage was immediate heart rate response
to standing, (30" beat: 15" beat ratios) <1.00 was abnormal.
Sympathetic neuropathy occurred if the postural fall in
blood pressute to standing was >30 mmHg."

The blood samples (5 ml) were drawn from the antecubital
vein from all subjects into ethylenediaminetetraacetic acid
and processed for AR genotyping. A fasting blood sample
for determining glycosylated hemoglobin (HbAlc) was
also taken.’)

The genomic DNA was extracted from the remaining
white blood cells using a Macrogen DNA purification
kit (Macrogen Inc., South Korea). The DNA samples
were stored and shipped at 4°C. All kits and reagents were
used according to their manufacturer’s instructions. The
C-106T polymorphism in the promoter of the AR gene
was determined using conventional polymerase chain
reaction (PCR).'" The fragment containing the C-106T
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polymorphism was amplified using the following primers
PRAF1 5-CAG ATA CAG CAG CTG AGG AAC-3
and PRAR1 5-GCC TTC TGA TTG GTT GC A CT-3.
In the reverse primer the mismatch was introduced to
give a restriction site for the BseN I restriction enzyme in
the presence of allele C-106. The 159-bp PCR product
was digested with the BselN I restriction enzyme into two
fragments, 138 and 21 bp, in the presence of allele C-106
and remained undigested when the T-106 allele was present.

Statistical analysis

Data is expressed as mean * standard deviation, or
proportions for categorical variables. AR genotype variation
was calculated using the Chi-square test. Categorical valuables
were compared using Fisher’s exact test. Non-parametric
data was analyzed by the odds ratio test. Associations
between the AR genotypes and DM, blood pressure, serum
lipid values and diabetic MVCs were evaluated. P < 0.05 was
considered to be statistically significant.

REsuLTS

Age, sex, duration of type 2 diabetes, hypertension,
hypercholesterolemia and HbAlclevel of the subjects and
the proportion of patients with diabetic MVCs in our study
group are presented in Table 1. After adjusting for age and
sex, patients with diabetic MVCs had higher HbAlc and
longer diabetes duration than those without MVCs with
statistical significance of P < 0.017 and <0.001 respectively.

Among the diabetic participants; retinopathy, nephropathy
and neuropathy were found in 109 (52.9%), 57 (28.8%) and
103 (58.5%) individuals, respectively. Diabetic nephropathy
was found in 18.7% with microalbuminuria and10.1%
with gross albuminuria. The patients with peripheral
diabetic neuropathy was in 103 (33.5% mild, 17% moderate
and 8% severe neurophysiologic change) individuals and
autonomic dysfunction was in 61 (6.3% sympathetic, 16.5%
parasympathetic or 11.9% both) respectively. In diabetic
patients, 65.4% had at least one form of MVCs. With
special emphasis on retinopathy, it was found that, 72 had
NPDR, 37 had PDR and 35 had diabetic macular edema.

Table 2 shows the distribution of C-106T genotypes
and alleles in the control and study group. When the
whole study population was analyzed, no distortion in the
genotype and alleles frequency among the study groups
was observed. For the C-106T polymorphism, allele C was
present in 67% of the subjects and allele T in 33%. The
most common genotype of the C-106T polymorphism was
CC corresponding to 46.1% of the cases, followed by CT
and TT corresponding to 41.7% and 12.1% of the analyzed
cases respectively. The frequencies of these polymorphisms

Table 1: Clinical and biochemical data of type 2 diabetic
patients with and without DR

Groups

Characteristics Control DM without DM with P*

(n=114) MVCs MVCs

(n=97) (n=109)

Age (years) 59.16+13.21 55.69+8.49 56.97+10.46 0.709
Sex (M/F) 45/69 42/92 21/50 0.716
Diabetes duration - 49/21 59/75 0.001
(<10/>10 years)
HbA1c (<7.5/>7.5%) - 35/35 41/93 0.017
Hypertension (no/yes) 51/58 51/20 98/36 0.320
Hypercholesterolemia 23/40 25/16 56/26 0.159

(no/yes)

DM: Diabetes mellitus, DR: Diabetic retinopathy, MVCs: Microvascular
complications, HbA 1c: Glycosylated hemoglobin, SD: Standard deviation. Data is
expressed as means SD or % (n). Data are percent (n) unless otherwise indicated.
*Chi-square test

Table 2: Analysis of the frequency of C-106T allele
polymorphism in the promoter of the AR gene in control
and subgroups of type 2 diabetic patients

Groups/variable Allele (%) Genotype (%)
C T CcC CT TT

DM without DR

Versus 62.4 37.6 38.2 48.4 13.4

DM with DR 71.2* 28.8* 53.3* 35.7 11.0
DM without DN

Versus 85.8 14.2 67.4 43.9 14.2

DM with DN 94.7 5.3 56.1 38.6 5.3
DM without DNp

Versus 87.6 12.4 41.1 46.6 12.3

DM with DNp 89.3 10.7 50.5 38.8 10.7
DM without DNa

Versus 86.9 13.1 44.3 42.6 13.1

DM with DNa 90.1 9.9 4941 41.1 9.8
DM without MVCs

Versus 84.3 15.7 41.7 44.4 13.9

DM with MVCs 89.5 10.5 53.1 375 9.4
Controls

Versus 89.6 10.4 39.6 50.0 10.4

DM 87.8 12.2 46.2 41.7 12.1

DM: Diabetes mellitus, MVCs: Microvascular complications, DR: Diabetic
retinopathy, DN: Diabetic nephropathy, DNp: Peripheral diabetic neuropathy,
DNa: Autonomic diabetic neuropathy, AR: Aldose reductase. Data are in
percentage (n) unless otherwise indicated. *P<0.05 (significant)

were found to be in Hardy—Weinberg equilibrium both in
diabetic and non-diabetic subjects.

There were no significant differences in diabetic
nephropathy, diabetic neuropathies and MVCs except
retinopathy between patients with different ALR genotypes.

The frequency of CC genotype was significantly higher in
subjects with DR as compared to those without it (53.3%
vs. 38.1%, P = 0.030). The prevalence of DR tended to be
higher as the number of C alleles increased (CC [53.3%],
CT [35.7%], TT [11%], P = 0.0036). Furthermore, severity
of DR was higher in subjects with CC genotype compared to
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those with CT or TT genotype (22.1% vs. 14.4%, P= 0.031).
Among type 2 diabetic patients, the carriers of the T allele
of the ALR had a significantly lower DR rate compared
with those without the T allele (28.8% vs. 37.6%, P = 0.030).

There were no significant differences in HbAlc levels,
hypertension, hypercholesterolemia or duration of diabetes
between patients with different ALR genotypes.

DiscussioN

Previous studies concerning the C-106T polymorphism of
the AR gene in relation to MVCs have been conflicting.
Diabetic patients carrying the T allele of the C-106T
polymorphism of the AR gene had a significantly higher
urinary albumin excretion rate and frequencies of
microalbuminuria at the time of diagnosis than subjects
with the C-106C genotype. However, the association
between the T allele of the C-106T polymorphism and
the prevalence of gross albuminuria was not observed
in many studies.”>****! In some studies, no association
between the polymorphisms and the risk of retinopathy
were observed,’* which is in contrast with other reports
from type 2 diabetic patients.?****l Diabetic patients with
the T allele of the C-106T polymorphism of the AR
gene had lower sensory response amplitudes and in cases
with longer duration, a greater decrease in NCV of the
motor nerve than the subjects with the C-106C genotype.
This AR gene polymorphism may contribute to an eatly
development of neurophysiologic deterioration in type 2
diabetic patients. However, no associations were found
between polymorphisms and clinical polyneuropathy.!*!

It is interesting that in this case-control of subjects with
type 2 diabetes, we found no association between the AR
genotype and MVCs in general but found an association
between diabetic retinopathy and the C-106T genotype in the
population of type 2 diabetes patients. According to present
study diabetic patients with the T allele of the AR gene had
lower rate of DR than the subjects with the C-106C genotype.

A possible explanation is that discrepancy in AR genotype
and MVCs with other population could be attributed to
ethnic difference. Although the increased risk of DR
associated with the presence of the C allele observed in
the present study is relevant with the functional studies
showing that the C allele is associated with an increased
expression of AKR1B1 gene.!"?!

CoNcLUSION

No association was found between AR C106T
polymorphism and other MVC except retinopathy.
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