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ABSTRACT
Background: Recent decades have seen an increase in our
understanding of a number of pathophysiological processes
associated with type 2 diabetes mellitus (DM). Despite
increases in understanding and treatment options, diabetic
neuropathy remains a significant problem and is associated
with tremendous morbidity and mortality. In this regard,
oxidative DNA damage is postulated to play a role in diabetes-
mediated neuropathic pathogenesis.
Methods: In this pilot investigation, we studied the extent of
chromosomal damage utilizing chromosomal aberration (CA)
assay in cultured lymphocytes of patients in 3 subgroups:
patients with diabetic neuropathy, patients with type 2 DM and
no neuropathy, and a control group.
Results: The patients with diabetic neuropathy showed a
statistically significantly higher rate of CA (P<0.001, 0.086 –
0.04) compared to the DM patients without neuropathy (0.03
– 0.02). Samples from subjects with diabetic neuropathy were
evaluated to check for mutations in the AKR1B1 gene (exon 1).

A significant number of mutations appeared after DNA
sequencing within the AKR1B1 gene. Of 50 diabetic
neuropathy patient samples analyzed, 10 revealed mutations.

Conclusion: Our results suggest that painful diabetic neurop-
athy is a condition with enhanced genomic instability
characterized by increased CA and possible mutations. Exon
1 of the gene AKR1B1 showed significant mutations in patients
with painful diabetic neuropathy.

INTRODUCTION
Diabetic neuropathy is a significant problem for

patients with diabetes mellitus (DM) and is a major
cause of morbidity and mortality. The prevalence of
diabetic neuropathy in patients with DM varies from
14% to 63%, depending upon the type of population
and the criteria used to define diabetic neuropathy.1

Many epidemiological and prospective studies have
shown that both increased patient age and duration of
diabetes are associated with diabetic neuropathy.2-4

Patients with diabetic neuropathy experience a variety
of problems, including paresthesias, allodynia, hyper-
algesia, and spontaneous pain that can negatively
affect their quality of life.5 Pain is prevalent in 40%-
50% of diabetic neuropathy patients.6

Although the mechanisms of painful diabetic
neuropathy are not fully understood, observations
have led to several postulations.7 Oxidative stress is
known to play a crucial role in the cellular and
molecular mechanisms of tissue injury in a wide
spectrum of disease states.8 Over time, this oxidative
DNA damage can change both the structure and
function of chromosomes; these changes can lead to
chronic disease conditions, such as cancer.9,10
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During the last few decades, several techniques
have been developed to detect genotoxic effects by
assessing the extent of chromosomal damage in
patients with DM. Sheth et al11 reported a significant
increase in sister chromatid exchange and chromo-
somal aberration (CA) frequency in patients with type
2 DM compared with those of healthy controls.
However, no reports have yet investigated the
association between diabetic neuropathy and geno-
toxic effects.

In this pilot study, we aimed to investigate CA in
different subgroups. We compared the rate of CA in
patients with diabetic neuropathy to patients with DM
without neuropathy and to a control group.

METHODS
Subjects

The study involved a total of 150 subjects. Fifty
patients had DM without neuropathy, 50 patients had
diabetic neuropathy, and 50 were age- and sex-
matched healthy controls. Patients were selected
from prescreened DM patients referred from the
Vellore Diabetes Centre, Vellore, India. Each subject
was on a diabetic diet and had close observation of
blood pressure, creatinine, total cholesterol, body
mass index, low-density lipoprotein, high-density
lipoprotein, and triglycerides. Each subject was
evaluated by the same endocrinologist. The onset of
painful diabetic neuropathy varied from 1-18 years.
Control subjects had normal glucose metabolism and
no family history of DM. All patients were nonsmokers
and nonalcoholics.

Study Parameters
Each patient’s clinical history, including information

related to symptoms such as burning, stabbing,
crushing, or aching pain was recorded. A family
pedigree analysis of DM and cytogenetic studies were
evaluated utilizing CA as an endpoint. A biothesiometer
was used to measure the vibration perception thresh-
old (VPT) of each subject. The diagnosis of distal,
symmetric polyneuropathy was made after careful
analysis of history, physical examination, and VPT
values. For cytogenetic analysis and the physical and
clinical evaluations, informed consent was obtained

from all patients, and ethical clearance was obtained
from the University Human Ethical Committee, Vellore
Institute of Technology, India, and the Institutional
Review Board, Yale University. The family histories of
all patients were recorded on a spreadsheet. The 2
groups of patients with type 2 DM, those with and
without diabetic neuropathy, were compared utilizing a
1-tailed t-test. A P value <0.001 with a confidence
interval of 95% was defined as statistically significant.
Microsoft Excel and WinSTAT were used for statistical
analysis.

Cytogenetic Analysis
The cytogenetic studies were performed on all

subjects to determine the frequency of CA. Phytohe-
magglutinin-stimulated peripheral blood lymphocytes
were used for chromosome preparations, and cyto-
genetic analysis was carried out in Giemsa solution
(Sigma)-stained metaphases. Direct microscopic
analysis was used to score at least 50 well-spread
metaphase plates. Well-spread metaphases were
photographed under an oil immersion objective lens
(at 1003 magnification) of a Leica DM2000 micro-
scope with a MetaSystems camera; the photomicro-
graphs of banded spreads were karyotyped using
automatic Ikaros software (MetaSystems). The gene
of the AKR1B1 (exon 1) was studied to evaluate
mutations in patients with diabetic neuropathy.

RESULTS
The clinical and general characteristics and rate of

CA of patients with diabetic neuropathy are presented
in Table 1. The age range was 37-75 years in the
patients with diabetic neuropathy (57.86 – 9.36
years), and their average duration of DM was 9.02 –
6.78 years. Of these 50 patients, 31 (62%) were males
and 19 (38%) were females. Six (12%) patients were
consanguineously related. Duration of DM ranged
from 6 months to 30 years. Seventeen (34%) patients
had a family history of type 2 DM and diabetic
neuropathy, and 33 (66%) patients had no family
history of DM. Numbness and pain in the feet were
observed in 25 (50%) patients, and inflammation and
gangrene were observed in 22 (44%) patients. The CA
analysis for all 3 groups is summarized in Table 2.

Table 1. Summary of Clinical Characteristics, General Characteristics, and Chromosomal Aberration Frequency

Patients with Diabetic
Neuropathy (n¼50) Age, yearsa

Duration of Diabetes
Mellitus, yearsa

Clinical Severity
(% of all patients)

Chromosomal Aberration
Frequency per Cella

25 61.27 – 8.69 11.40 – 8.02 Numbness and pain in feet (50) 0.06 – 0.04
22 55.45 – 8.73 7.63 – 5.01 Inflammation and gangrene (44) 0.11 – 0.03

3 62.66 – 8.38 7.66 – 2.51 Amputation (6) 0.06 – 0.02

aPresented as mean – standard deviation.
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Patients with diabetic neuropathy showed a statisti-
cally significantly higher rate of CA (P<0.001, 0.086 –
0.04) than patients with DM alone (0.03 – 0.02). The
frequency of CA per cell was higher (0.11 – 0.03) in
the patients with diabetic neuropathy who had
inflammation and gangrene than in the patients with
numbness (0.06 – 0.04) and amputations (0.06 –
0.02). These results show that the increase in CA was
directly related to the severity of the diabetic
neuropathy.

The AKR1B1 gene (exon 1) was evaluated to check
mutations in samples of subjects with diabetic neu-
ropathy (n¼50). A significant number of mutations were
apparent after DNA sequencing within the AKR1B1
gene (Table 3). Exon mutation was seen in samples
from 10 of 50 patients with diabetic neuropathy. This
type of exon mutation is rare and has never been
reported on exon 1 in painful diabetic neuropathy.

DISCUSSION
The detection of CA in peripheral blood lympho-

cytes has been used to monitor genomic instability
in human populations exposed to mutagenic agents.
However, no studies are available on the genotox-
icity of patients with diabetic neuropathy. Pradeepa
et al12 reported that among urban South Indian type
2 DM subjects, the prevalence of diabetic neurop-
athy is 26.1% and is significantly associated with
age, glycosylated hemoglobin, and the duration of
DM.

The natural course of painful diabetic neuropathy
is variable. The prevalence of pain varies from 10%-
20% in subjects with DM and from 40%-50% in those
with diabetic neuropathy.6 In our study, the preva-
lence of pain was varied in the patients with DM. In
patients with diabetic neuropathy, numbness and
pain in the feet were observed in 25 patients (50%)
and inflammation and gangrene in 22 patients
(44%).

Contradicting results associated with sex and CA
are presented in the literature. Boehm et al reported
an enhanced number of structural CA in the periph-
eral lymphocytes of women with type 2 DM.13 These
findings were specific to younger age groups and
associated with increased mortality. Another investi-
gation, however, showed a significantly decreased
mortality rate in patients with DM.14 The present study
data clearly indicate that patients with diabetic
neuropathy have a significantly increased level of
CA (0.086 – 0.04) compared to controls (0.014 –
0.0001).

Regarding cytogenetic testing, we obtained sta-
tistically significant data that could have important
clinical implications for patients with DM. We ob-
served a significantly increased rate of CA in patients
with diabetic neuropathy compared to patients with
DM without diabetic neuropathy. AKR1B1 is the gene
from the enzyme aldose reductase and ketose
reductase. Exon mutation was seen in samples from
10 of 50 diabetic neuropathy patients. This type of
exon mutation is rare and has never been reported on

Table 2. Chromosomal Aberration Analysis

Painful Diabetic
Neuropathy Group

(n¼50)

Diabetes Mellitus
Group

(n¼50)
Control Group

(n¼50)

Total number of metaphases analyzed 2,500 2,500 2,500
Total number of chromosomal aberrations observed,

(chromatid breaks þ dicentrics þ chromosome breaks) 215þ0þ0¼215 80þ0þ4¼84 35þ0þ0¼35
Chromosomal aberrations, mean – SD 0.086 – 0.04 0.03 – 0.02 0.014 – 0.0001

SD, standard deviation.

Table 3. Amino Acid Changes in Exon 1 of the AKR1B1 Gene
Observed in Patients with Diabetic Neuropathy

Sequence Amino Acid Changes

1 1. Ala 11 Pro
2. Lys 12 Lys

2 1. Ala 11 Pro
3 1. Ala 11 Asp

2. Lys 12 Lys
3. Met 13 Lys
4. Pro 14 Thr

4 1. Lys 12 Stop codon
5 1. 1bp del, codon 12
6 1. Ala 11 Pro

2. Lys 12 Stop codon
7 1. 1bp del, codon 12
8 1. 1bp del, codon 12
9 1. 1bp del, codon 12

10 1. Ala 11 Pro
2. Lys 12 Phe
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exon 1 in painful diabetic neuropathy. The fact that
this observation was seen in the present study
represents evidence of a link between the AKR1B1
gene and patients with diabetic neuropathy. The
precise mechanism involved in mediation or modula-
tion of diabetic pathogenesis from the AKR1B1 gene
warrants future investigation.

CONCLUSION
Our results suggest that painful diabetic neurop-

athy is a condition with enhanced genomic instability
characterized by increased CA and possible muta-
tions. Exon 1 of the gene AKR1B1 showed significant
mutations in patients with painful diabetic neuropathy.
The discovery of specific mutations at the genetic
level could lead to the development of novel
pharmacotherapeutic agents or of gene therapy for
the treatment of patients with painful diabetic neurop-
athy. Because no therapies are yet proven, future
studies are warranted to further understand the
relationships and mechanisms involved in the medi-
ation or modulation of diabetic neuropathy.
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