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Abstract

The increasing incidence of type 2 diabetes mellitus globally has increased the incidence of 
diabetes-associated complications such as nephropathy. DNA damage induced by oxidative 
stress might be one of the important mechanisms in the pathogenesis of diabetic complications. 
Two hundred Iranian individuals with the conditions of type 2 diabetes, diabetic nephropathy 
and nephropathy patients with no sign of diabetes and normal unaffected sex- and age-matched 
controls (50 in each group) were enrolled in the study. The background and the net levels of 
micronucleus (MN) formation as well as other cellular damages induced after in vitro treatment 
with 25 µg/ml of bleomycin (BLM) were evaluated using cytokinesis block MNs cytome assay 
(CBMN cyt) in peripheral blood lymphocytes. The background and net BLM-induced levels of 
MNs were significantly higher in all patient groups compared with the control (P < 0.01, P < 0.001, 
respectively). The frequency of MNs was significantly higher in those patients with prior incidence 
of nephropathy than those without. A positive association was observed between basal and net 
MN frequency among study groups and also between net genetic damages and serum creatinine 
value and duration of diabetes. The rate of basal and net apoptosis was significantly higher in 
patients with hyperglycemia. Our results indicate that increased genomic instability expressed 
as MNs is associated with nephropathy in all pathological stages. Therefore, implementation of 
MN assay in clinical level may potentially enhance the quality of management of patients with 
diabetes and its complications such as nephropathy.

Introduction

Epidemic of diabetes mellitus is growing globally, most of all dia-
betes patients suffer from type 2 diabetes mellitus (T2DM) (1). 
Microvascular complications such as diabetic nephropathy (DN) 
caused by the progressive nature of the disease lead to increased 
morbidity and healthcare costs.

DN, also known as glomerulosclerosis, nodular diabetic, inter-
papillary glomerulonephritis or Kimmelstiel Wilson syndrome, is a 
progressive condition marked by deteriorating kidney function. Its 

clinical feature is characterised by albuminuria (>300 mg/day or 
>200 μg/min) and confirmed on at least two occasions 3–6 months 
apart, irreversible and permanent decrease in glomerular filtration 
rate (GFR) and arterial hypertension (2).

There are several risk factors for DN development, those that 
cannot be altered (age, genetic factors, and race) and those could 
be changed (hypertension, hyperglycemia, dyslipidemia and GFR 
(3). The severity of the pathology is categorised by GFR parameter.  
The early stages of kidney disease (Stages 2 and 3)  are generally 
asymptomatic but manifested by kidney damage, whereas more 
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advanced stages (Stages 4 and 5) need treatment of uremia and its 
complications, and finally, for end-stage renal disease (ESRD), renal 
replacement therapy is required (4).

To date the only biomarker remains acceptable for diagnostic 
purposes is albuminuria, although some growth factors are expected 
to replace albuminuria in future (5,6). It was reported that in addi-
tion to pathologies directly associated with renal dysfunction, the 
incidence of cardiovascular pathologies and different types of cancer 
as well as increased levels of genetic damage were significantly higher 
in patients with kidney disease (7–11). These patients with genomic 
instability may have defects in DNA repair processes (11,12). 
Significant inter-individual variability in DNA repair machinery 
reported in these patients may be associated with biological factors 
and lifestyle, as well as with polymorphisms in DNA repair genes 
(13,14). Oxidative stress is defined as an imbalance between the pro-
duction and elimination of reactive oxygen species (ROS). It has been 
proposed that increased oxidative stress is one of the main factors 
in the development of hyperglycemia and that hyperglycemia then 
stimulates the production of ROS in the body. It was also reported 
that the oxidation of DNA bases and sugar-phosphate–binding sites 
can be sources of DNA damage in diabetes and hyperglycemia (15). 
Excessive levels of damage in biomolecules such as DNA induced 
by ROS might contribute to the development of diabetes-associated 
metabolic complications (16). Significant inter-individual variability 
in DNA repair even reported in healthy individuals may make some 
patients more susceptible for these metabolic complications.

DNA damages, both spontaneous and induced, have been 
reported to be markedly increased in type 1 diabetes mellitus (17) 
and also elevated frequency of micronuclei (MNs) was observed in 
both pregnant women with type 1 diabetes mellitus and their suc-
cessive newborns (18). It was reported in another study that the 
overall frequency of DNA damage and cytotoxicity had been cor-
related with A1C in prediabetic individuals (19). Also increased MN 
frequency in ESRD and its association with duration of treatment 
among haemodialysis (HD) patients have been reported earlier 
(20,21). Consequently, MN formation has been validated to be a 
biomarker for environmental mutagenic and carcinogenic exposures 
and genomic instability testing uses extensively as an indicator of 
chromosomal damages.

The associations of diabetes and cancer and the elevated cancer 
risk in diabetic patients have been confirmed in some studies (22–
24). These collective evidences indicate that diabetes is a pathophysi-
ological state of oxidative stress and DNA damage that can lead 
to various types of mutation to cause aberrations in cells, thereby 
increasing the risk of cancer. Bonassi et al. have reported the prelimi-
nary evidences that MN frequency in peripheral blood lymphocytes 
would be predictive of cancer risk, suggesting that increased MN 
formation would be associated with early events in carcinogenesis 
(25).

Although some studies to date have evaluated DNA damages 
in diabetes (19,24,26–30), our literature review showed no studies 
have yet compared DNA damages expressed as MNs in different 
patient groups enrolled in our study. Different approaches have been 
adapted to detect the levels of genetic damages such as the sister 
chromatid exchanges (31), comet (32,33) and MN assays (34–36).

The cytokinesis block MN cytome (CBMN cyt) assay is a com-
prehensive technique frequently used for measuring DNA damage, 
spindle defects, cytostasis and cytotoxicity in different tissue types, 
including lymphocytes. In this technique, DNA damages expressed 
as MNs are scored specifically in once-divided binucleated cells 
arrested at cytokinesis. The MN is an indicator of chromosome 

breakage and/or whole chromosome loss is an established bio-
marker for genomic instability. The nucleoplasmic bridge (NPB) is 
a biomarker of DNA misrepair and/or telomere end fusions, and 
the nuclear bud (NBUD) is considered as a biomarker of elimina-
tion of amplified DNA and/or DNA repair complexes. These three 
biomarkers, i.e., MN, NPB and NBUD, are the end points evaluated 
with this technique. Cytostatic and cytotoxicity effects are meas-
ured via nuclear division index (NDI) considering the proportion of 
mono-, bi-, and multinucleated cells and necrotic and/or apoptotic 
cell ratios, respectively (37).

The ionizing radiation and radiomimetic agent bleomycin (BLM) 
are often used to test repair proficiency of cells and detect genomic 
instability. It has also been proposed that BLM sensitivity can be 
used as a biomarker for assessing risk of mutagen sensitivity. In 
exposure effect studies, lymphocytes are excellent available biologi-
cal systems with a relatively long lifespan that accumulate DNA 
damages (37,38).

The aim of the present study mainly was to evaluate the back-
ground and/or induced level of MN in type 2 diabetes, DN and 
nephropathy with no signs of hyperglycemia compared with the 
matched normal control in order to study its possible association 
with nephropathy complications in diabetic patients.

Materials and methods

Study population
The study was carried out as a case control study in a group of 
200 Iranian individuals who were resident of Tehran (capital of Iran; 
50 type 2 diabetes, 50 DN, 50 nephropathy with no hyperglyce-
mic symptoms and 50 unaffected sex- and age-matched controls). 
Patients with nephropathy complications were assigned to differ-
ent stages of the pathology according to their GFR; among them, 
11 were in the early stages (Stages 2–3; GFR > 30–89 mL/min) in 
both DN and nephropathy groups. Fifteen and 11 individuals were 
in the late stages (Stages 4–5, GFR > 15–29 mL/min) and 24 and 28 
patients underwent HD treatment in DN and nephropathy groups, 
respectively. General and lifestyle information of the patients also 
family pedigrees were recorded. None of the individuals participated 
in the study was heavy or moderate smoker (more than 20 pack in 
a year). Since some of the patients in all three test groups were con-
sidered light smokers (0 < pack-years ≤ 20), 12 in the control group 
were selected as light smokers. The protocol was approved by the 
Ethical Committee of the National Institute of Genetic Engineering 
and Biotechnology (NIGEB), Iran. Patients and controls signed a 
written informed consent letter before enrolment. Table  1 shows 
clinical and analytical data for test and control groups. The patients 
with type 2 diabetes and nephropathic patients who had an esti-
mated GFR of 22.5 mL/min received conventional treatment. The 
HD was done three times a week for ESRD group. Patients with bac-
terial infections, oncological disease, hepatitis C or B or HIV posi-
tive, hepatic insufficiency or immunosuppressive therapy, antibiotics 
uptake and exposed to ionizing radiation at least 1 month prior to 
sampling were excluded. Healthy volunteers who met the inclusion 
criteria served as control subjects. The relevant data regarding the 
clinical reports from all subjects was recorded.

Cell culturing, BLM treatment and CBMN cyt assay
Blood samples were drawn by venipuncture into sodium–heparin 
vacutainers and processed within 3 h after retrieved at the hospital. 
For each individual, four lymphocyte cultures were set up by adding 
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0.5 mL of whole blood into 4.5 mL of RPMI 1640 medium supple-
mented with 15% fetal bovine serum, 1% antibiotics (100 IU/mL 
penicillin and 100 µg/mL streptomycin) and 0.15 mL phytohaemag-
glutinin were also added to the cultures (all provided by Gibco Life 
Technologies, Paisley, UK). Two cultures were treated with BLM at 
a dose of 25 µg/mL final concentration, 24 h prior to harvesting of 
the cells. The other two were used to assess the background lev-
els of MN. The duration for BLM treatment and optimal dose was 
earlier established in a set of experiments on human lymphocytes. 
To roll-out the treatment cytotoxicity to the peripheral lymphocytes, 
cell viability was estimated on the basis of trypan blue (always the 
number of dye excluding cells was greater than 90% in each culture; 
data not shown).

Lymphocytes (BLM treated and untreated) were cultured at 37°C 
for 72 h. After 44 h, cytochalasin B (GIBCO, 6 μg/mL) was added to 
the culture to arrest cells at cytokinesis. At 72 h of incubation, cul-
tures were harvested by centrifugation at 120g for 8 min followed by 
a brief hypotonic treatment (2–3 min in 0.075 M KCl at 48°C). The 
cells were centrifuged, then fixed and washed in methanol/acetic acid 
(3:1 v/v) solution three times. The resulting cells were resuspended 
and dropped onto clean slides. Slides were coded and stained with 
10% of Giemsa (Merck, Darmstadt, Germany) in phosphate buffer 
(pH 6.8) for 5 min.

Scoring and data evaluation
The scoring criteria established by Fenech (39) were used for CBMN 
Cyt assay analysis. To determine the frequency of CBMN assay end 
points (MNs, NPB and NBUDs) as well as apoptosis and necrosis, a 
total of 1000 binucleated cells with well-preserved cytoplasm were 
blind scored on coded slides. In addition, a total of 500 lymphocytes 
were scored to determine the percentage of cells with one, two, or 
more nuclei in order to calculate the NDI. To better visualise the 
response to BLM treatment, a net nuclear aberrations value was 
estimated by calculating the difference between nuclear aberrations 
after 25 µg/mL of BLM treatment and the background nuclear aber-
rations values.

Statistical analyses
Statistical computations were performed using the SPSS version 16.0 
(SPSS, Chicago, IL, USA). The comparison of frequencies of nuclear 

aberrations between the patient groups and the control group was 
carried out using an analysis of variance test. A Student’s t-test was 
performed for comparisons between two groups. For all analyses, 
differences were accepted as statistical significant at P < 0.05. Linear 
regressions were performed to establish the correlation between 
basal and BLM-induced MN. The general linear model was per-
formed with the net BNMN parameter taking into account the con-
founding factors. Numerical data are presented as mean ± SD.

Results

The demographic characteristics of the study 
population
Table  1 summarises the demographic, clinical and biochemical 
data for the different groups of patients and control. The data are 
presented as mean ± SD. Except in nephropathy groups where the 
frequency of male gender was higher (P < 0.05), no other signifi-
cant differences were observed in terms of age and gender among 
other patients and controls. The mean age of cases (DN, type 2 
diabetes and nephropathy groups) were 60.10 ± 11.23, 58.2 ± 9.8, 
58.4 ± 10.9, respectively compared with the control that was 
57.11 ± 9.97.

Body mass index (BMI) was significantly higher in diabetic group 
compared with other study groups (P  <  0.05). The differences in 
the routine biochemical parameters were as expected: creatinine and 
urea were higher in nephropathy complication groups both with and 
without diabetes when compared with other groups (P  <  0.001). 
Glycated haemoglobin and fasting blood glucose was higher in both 
diabetic and DN compared with nephropathy and control groups 
(P < 0.001). The duration of diabetes was 10 to 20 years in type 2 
diabetes group.

CBMN assay in the studied populations
The background and BLM-induced MN frequency, as well as 
NBUDs and NPBs in binucleated peripheral blood lymphocytes 
(PBL) and micronucleated cell frequency in different tests and 
control groups, are summarised in Table 2. The background fre-
quency of MNs was significantly higher in all three test groups 
(DN, nephropathy and type 2 diabetes) compared with the con-
trol, whereas the value of this frequency was significantly higher 

Table 1.  Clinical and analytical data for DN, type 2 diabetic (T2DM), nephropathy patients and controls

Diabetic nephropathy Diabetes Nephropathy Control

Sample size 50 50 50 50
Age mean ± SD 60.10 ± 11.23 58.2 ± 9.8 58.4 ± 10.9 57.11 ± 9.97
Sex (M/F) 32 (M) 22 (M) 35 (M) 25 (M)

18 (F) 28 (F) 15 (F) 25 (F)
BMI (kg/m2) 25.9 ± 3.4 28 ± 0.4 25.95 ± 0.37 26.32 ± 0.96
eGFR (mL/min) <15 (N: 24) 106 ± 20.2 <15 (N: 28) 114.1 ± 28.2

15–29(N: 15) 15–29 (N: 11)
30–89 (N: 11) 30–89 (N: 11)

Fasting plasma glucose in mg/dL ± SD 240 ± 40.8 230 ± 32.5 90 ± 9.3 89 ± 9.8
Glycated haemoglobin ± SD 7.5 ± 1.8 9.22 ± 1.76 5 ± 0.7 5 ± 0.5
Serum creatinine (mg/dL) 10.6 ± 2.7 0.8 ± 0.2 9.1 ± 2.3 0.8 ± 0.2
Duration of diabetes (range) 1 month–20 years 10–20 years – –
Smoking intensity
  Light (0 < pack-years ≤ 20) 10 11 6 12
  Moderate (20 < pack-years ≤ 40) – – – –
  Heavy (>40 pack-years) – – – –

SD: standard deviation, BMI: body mass index, eGFR: estimated glomerular filtration rate.
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in both groups accompanied with nephropathy complications, DN 
and nephropathy, independent of the GFR status (P < 0.01). Similar 
trend of MN formation was observed when the frequency of MNs 
was analysed per 1000 binucleated cells following BLM treatment. 
This can be better visualised when the net MN frequency is calcu-
lated (36.08 ± 8.03, 43.7 ± 6.6, 42.18 ± 5.51, 24.76 ± 3.30 for type 
2 diabetes, DN, nephropathy and control groups, respectively; 
P  <  0.001). As shown in Figure  1, when nephropathy and DN 
patients were stratified according to the pathological stage of the 
disease, no significant difference was observed between the early 
and late stage groups (P > 0.05). However, ESRD patients who 
underwent HD showed the highest level of net MN frequency (P 
> 0.001).

As seen in Figures 2 and 3, among the different confounding fac-
tors taken into account (Table 1), duration of diabetes in diabetic 
groups and serum creatinine value in nephropathy groups were 
correlated with MN frequency rate (R2 = 0.98, P <0.01, R2 = 0.63, 
P < 0.05, respectively).

Our data showed that the background, BLM-induced and net 
frequency of both NBUDs and NPBs were significantly higher than 
control in all three test groups (P < 0.001; Table 2). Moreover, the 
net frequency of NBUDs was also significantly higher in type 2 
diabetic group compared with other patients groups (P  < 0.001; 
Table 2).

The rate of apoptosis in both hyperglycemic test groups, type 2 
diabetes and DN, was significantly higher than other patients, groups 
(P < 0.001), whereas no statistically significant difference was shown 

between net necrosis rate among all three tests and control groups (P 
> 0.05; Table 2, Figure 4).

Discussion

There are some moderate-to-severe secondary complications for dia-
betes that early diagnosis and treatment of them is essential to mini-
mise further taxes. Nephropathy is considered as one of the most 
important complications of diabetes.

It was reported that oxidative stress can cause DNA damage in 
patients with diabetes mellitus (19,26,27). Also previous cytogenetic 

Figure  1.  Net MN prevalence in different stages of nephropathy based on 
GFR compared with the normal control group. Stages 2–3; GFR > 30–89 mL/
min; Stages 4–5, GFR > 15–29 mL/min; ESRD; and underwent HD treatment.

Table 2.  Background and BLM-induced cytogenetic and cytotoxicity parameters in the studied population [type 2 diabetic (T2DM), DN, 
nephropathy patients and controls (C)]

T2DM (mean ± SD) DN (mean ± SD) Nephropathy (mean ± SD) Control (mean ± SD)

Cytogenetic
  Background MN 8.16 ± 1.47a* 15.O8 ± 5.03*a/**c 15.12 ± 4.64a*/**c 5.82 ± 2.17*b

  BLM-induced MN 44.86 ± 8.51*a 58.58 ± 6.06*a/**c 55.4 ± 5.49a*/**c 30.58 ± 4.36*b

  Net MN 36.08 ± 8.03*a 43.7 ± 6.6*a/**c 42.18 ± 5.5*a/**c 24.76 ± 3.30*b

  Background micronucleated cell 8.08 ± 1.44*a 12.1 ± 2.45*a/**c 12.4 ± 2.28*a/**c 5.64 ± 2.02*b

  BLM-induced Micronucleated cell 44.18 ± 8.22*a 57.32 ± 5.85*a/**c 54.78 ± 5.83*a/**c 30.08 ± 4.21*b

  Net micronucleated cell 36.02 ± 7.79*a 45.3 ± 5.35*a/**c 40.28 ± 6.15*a/**c 24.44 ± 3.21*b

  Background NBUD frequency 1.56 ± 0.83**a 2.52 ± 1.4*a 2.14 ± 1.26*a 1 ± 0.82**b

  BLM-induced NBUD frequency 4.8 ± 1.14*a 5 ± 0.77*a 4.6 ± 0.93*a 2.5 ± 1.17**b

  Net NBUD frequency 3.64 ± 1.16*a/*d 2.52 ± 1.08*a 2.46 ± 1.16*a 1.5 ± 0.92*b

  Background NPB frequency 5.4 ± 2.18*a 5.64 ± 1.89*a 5.58 ± 2.19*a 1.84 ± 1.04*b

  BLM-induced NPB frequency 15.06 ± 2.01*a 14.38 ± 2.12*a 14.02 ± 1.72*a 4 ± 1.63*b

  Net NPB frequency 9.74 ± 2.79*a 8.74 ± 2.91*a 8.4 ± 2.69*a 2.28 ± 1.57*b

Cytostatic
  Background NDI 1.93 ± 0.3 1.9 ± 0.31 1.95 ± 0.29 1.9 ± 0.31
  BLM-induced NDI 1.83 ± 0.17 1.97 ± 0.16 1.94 ± 0.14 1.96 ± 0.17
Cytotoxicity
  Background apoptosis 7.78 ± 1.76**a/*e 8.06 ± 2.02**a/*e 5.04 ± 1.46 5 ± 1.13
  BLM-induced apoptosis frequency 12.32 ± 1.22**a/*e 12 ± 2.03**a/*e 7.64 ± 1.68 7.08 ± 1.7
  Net apoptosis frequency 4.42 ± 2.13**a/*e 4.06 ± 2.61**a/*e 2.68 ± 2.01 2.04 ± 1.83
  Background necrosis frequency 4.34 ± 1.35 4.06 ± 1.34 3.86 ± 1.34 3 ± 1.48
  BLM-induced necrosis frequency 7.98 ± 2.24 8 ± 1.87 7.68 ± 1.55 7.2 ± 1.6
  Net necrosis frequency 3.84 ± 1.83 3.94 ± 1.47 3.82 ± 1.8 4 ± 2.4

ANOVA: analysis of variance. NDI = (Mononucleated cells + 2 × binucleated cells + 3 × trinucleated cells + 4 × tetranucleated cells)/total number of cells.
at-Test with control group as reference.
bANOVA test: C versus DN, nephropathy and T2DM groups.
cANOVA test: DN and nephropathy versus T2DM and C groups.
d ANOVA test: T2DM versus DN, nephropathy and C groups.
e ANOVA test: T2DM and DN versus nephropathy and C groups.
*P≤0.001; **P≤0.01
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effect studies on chronic kidney disease and treatment modes have 
compared patients with moderate-to-severe chronic kidney insuffi-
ciency (20,32,34–36,40–43).

MNs in PBL (34–36,40) and buccal epithelial cells (20), chromo-
some aberrations, sister chromatid exchanges (41) and DNA strand 
breaks (comet assay) (32,34,41–43) were the biomarkers used in these 
studies carried out on adults and children (44). CBMN assay has been 
applied to examine the effect of variety of factors such as genetics, 
lifestyle, environmental and dietary on chromosomal stability and 
mitotic function (45–47). Although the frequency of MNs alone has 

been considered as a good indicator of genetic instability, an individu-
al’s instability is better determined when sampled cells are challenged 
with the defined dose of a standard genotoxic agent, such as ionizing 
radiation or a radio mimetic agent like BLM. Since each individual 
reacts in a different way to external stimulation by activating a series 
of biological responses such as DNA repair mechanisms, sensitivity to 
BLM can be considered as an individual susceptibility measurement 
to chemical and physical insults. Therefore, chromosome sensitivity 
to BLM measured by the MN assay is considered as an important 
biomarker of genomic instability and cancer predisposition (45,48).

Our data demonstrated that the frequency of DNA damage 
expressed as nuclear aberrations was significantly higher in the 
patient groups compared with normal controls. We studied different 
CBMN assay end points (Table 2) and the frequency of MNs was 
chosen as a biomarker of effects. This biomarker has great biological 
relevance since MNs represent fixed genetic damage resulting from 
both aneugenic and clastogenic mechanisms (39), and it is considered 
as a good surrogate marker of cancer risk (17). Our results indicated 
that in type 2 diabetes, the frequency of MNs increased significantly 
with the duration of diabetes. It could be due to the increasing sus-
ceptibility of the patients to DNA damage with the increase in the 
duration of diabetes. However, the frequency of nuclear aberrations 
was not dependent on the age of the patients. No significant varia-
tion was also observed in the frequency of aberrations between those 
with a family history of T2DM and those without, implying that the 
aberrations are due to the damage caused by diabetes progression.

Our data showed the higher frequency of MNs in nephropathy 
patients both with/without diabetes compared with the diabetic 
ones with no signs of nephropathy complications. In other words, 
nephropathy complications caused more genetic damages regard-
less of hyperglycemia. There are evidences showing impaired DNA 
repair and increased chromosome damage in patients with kidney 
disease. This might be caused by the uraemic state as well as by 
chronic inflammation linked to increased formation of reactive oxy-
gen and nitrogen species (denoted RONS) (21,49). Increased RONS 
may lead to DNA strand breaks, point mutations and aberrant DNA 
cross-linking, thereby causing genomic instability (50). It also has 
been postulated to be an important risk factor for cardiovascular 
disorders and the development of cancer (31) and could be responsi-
ble for genomic instability in patients with kidney disease.

Our results showed that there was no significant difference in 
MN frequency between Stages 2 and 5 of the pathology regarding 
the GFR parameter, but those ESRD patients who underwent HD 
treatment had significantly higher net genetic damage than those in 
the other stages. This might indicate that genomic instability is an 
individual characteristic not affected by the worsening of the pathol-
ogy and that higher MN frequency can be attributed to a lower 
DNA repair capacity of nephropathy patients under HD treatment. 
Our study was in line with other studies that defined that structural 
DNA damage, such as single- and double-strand breaks and alkali-
labile sites, was significantly increased in lymphocytes of patients 
under dialysis (20,41,51). It was stated that since DNA repair capac-
ity is reduced by prolonged HD therapy, these types of DNA dam-
ages that are theoretically repairable could not be repaired properly 
and may have serious consequences, such as premature ageing (52), 
atherosclerosis (53) and cancer predisposition.

Although it is assumed that nephropathy patients have increased 
levels of genetic damage, there is uncertainty on the origin of such 
damage. There are some points of view that are listed as follows: (i) 
biological implications of renal disease and uremic milieu that have 
genotoxic potential on the integrity of DNA (54); (ii) the modality 

Figure 2.  Linear regression between creatinine value and MN frequency in 
nephropathy patients with/without diabetes.

Figure 3.  Linear regression between duration of diabetes and mean of MN 
frequency.

Figure 4.  Cytotoxicity parameters in the studied populations [type 2 diabetic 
(T2DM), diabetic nephropathy (DN), nephropathy patients and controls (C)]. 
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and duration of the uremia treatment may also influence the degree 
of DNA damage or the mechanisms of repair (21,34); (iii) different 
individual predisposition to genomic instability, due to existence of 
genetic polymorphisms in genes, such as DNA repair genes, involved 
in the maintenance of the genome integrity.(55) Our results some-
how supported this latter view that a genetic predisposition exists in 
nephropathy patients both diabetic and non-diabetic, at least in part, 
is responsible for the incidence of the pathology. This view was sup-
ported by the existence of both increased levels of genetic damage 
and increased sensitivity to BLM treatment in patients, regardless of 
different stages of the pathology and also by the good correlation 
observed between background and net genetic damages.

In our study, higher BMI and higher frequency of NBUD and apop-
tosis were observed in diabetic patients. These data were somehow in 
line with the study reported by Donmez-Altuntas recently (56), where a 
positive correlation was found between BMI and frequency of BUDs in 
a group of obese, overweight and normal weight subjects. The NBUD 
is considered as a biomarker of gene amplification by a mechanism in 
which a nucleus eliminates amplified DNA and DNA repair complexes 
(39). Inflammation and elevated levels of inflammatory markers cor-
relate with the risk of variety of complications such as insulin resist-
ance, cardiovascular disease, diabetes, dislipidemia and atherosclerosis 
(57). The diabetic patients in our study suffered from hyperglycemia 
for more than 10 years, therefore they might be chronically exposed 
to inflammatory factors due to hyperglycemic situation. It was previ-
ously reported that chronic inflammation is associated with induction 
of DNA damage. All DNA damages are subjected to repair by cellu-
lar repair systems, therefore, complexes formed due to repair of DNA 
damage might be eliminated as NBUDs from the nucleus (58).

Association of genetic damage with routine biochemical param-
eters such as blood urea nitrogen, creatinine and ferritin levels was 
shown in previous studies (20,34,35). Despite the opinion that the 
level of background damage is significantly associated with the 
degree of renal failure (36), such an association was not observed in 
our study. Our results are somehow in line with the research done by 
Sandoval et al. in chronic renal failure patients that they reported no 
association between genomic instability and neither pathologic stages 
nor cratinine level and GFR parameter (29). In our study, no associa-
tion was found between frequency of MNs and GFR parameter but 
that association was somehow found with serum creatinine levels. 
Although patients with nephropathy present higher level of net MN 
frequency in both diabetic and non-diabetic groups, important inter-
individual variations were found for both control and patient groups. 
The variability observed before the BLM treatment (background 
damage) was correlated with the level of damage observed after treat-
ment in all the test groups. The MN frequency showed proportional 
increase in the values of genetic damage after treatment with BLM.

These results suggest that the MN frequency measured in lym-
phocytes challenged with in vitro BLM treatment could be con-
sidered as a biomarker to different pathologies, including DN. 
Limitations in our study necessitate consideration. First, we used a 
hospital-based case recruitment system, therefore, our study is not 
population based and selection bias may have occurred. Second, we 
were not able to measure environmental exposure quantitatively. 
Environmental exposure was based on a self-reported ever or never 
response, and therefore, recall and reporting bias is a possibility.

Funding

This work was supported by a grant from Iran National Science 
Foundation (INSF; grant number 92002909).

Acknowledgements
We sincerely thank all the healthy individuals and patients who participated 
in this study. We would like to acknowledge Dr A. Rajab for his support in 
gathering samples for some of diabetic patients.
Conflict of interest statement: None declared.

References
	1.	 Klein, M. S., Shearer, J. (2016) Metabolomics and type 2 diabetes: translat-

ing basic research into clinical application. J. Diabetes Res., 2015 Novem-
ber 9 [Epub ahead of print], doi:10.1155/2016/3898502

	2.	 Mora-Fernández, C., Domínguez-Pimentel, V., de Fuentes, M. M., Górriz, 
J. L., Martínez-Castelao, A. and Navarro-González, J. F. (2014) Diabetic 
kidney disease: from physiology to therapeutics. J. Physiol., 592, 3997–
4012.

	3.	 Tapp, R. J., Shaw, J. E., Zimmet, P. Z., Balkau, B., Chadban, S. J., 
Tonkin, A. M., Welborn, T. A. and Atkins, R. C. (2004) Albuminuria is 
evident in the early stages of diabetes onset: results from the Australian 
Diabetes, Obesity, and Lifestyle Study (AusDiab). Am. J. Kidney Dis., 
44, 792–798.

	4.	 Weiner, D. E. (2007) Causes and consequences of chronic kidney disease: 
implications for managed health care. J. Manag. Care Pharm., 13, S1–S9.

	5.	 Bhatt, K., Kato, M. and Natarajan, R. (2015) Emerging roles of micro-
RNAs in the pathophysiology of renal diseases. Am. J.  Physiol. Renal. 
Physiol., 310, F109–F118.

	6.	 Nguyen, T. Q., Tarnow, L., Jorsal, A., et al. (2008) Plasma connective tis-
sue growth factor is an independent predictor of end-stage renal disease 
and mortalityin type 1 diabetic nephropathy. Diabetes Care. 31, 1177–
1182.

	7.	 Clyne, N., Hellberg, M., Kouidi, E., Deligiannis, A. and Höglund, P. (2015) 
Relationship between declining GFR and measures of cardiac and vascular 
autonomic neuropathy. Nephrology (Carlton)., 2015 December 29 [Epub 
ahead of print], doi:10.1111/nep.12706

	8.	 Rao, S. N. (2009) Cancer screening in end-stage renal disease. Saudi 
J. Kidney Dis. Transpl., 20, 737–740.

	9.	 Saumoy, M., Jesudian, A., Aden, B., Serur, D., Sundararajan, S., Sivanan-
than, G. and Gambarin-Gelwan, M. (2015) High prevalence of colon ade-
nomas in end stage kidney disease patients on hemodialysis undergoing 
renal transplant evaluation. Clin. Transplant., 30, 256–262.

	10.	Di Angelantonio, E., Chowdhury, R., Sarwar, N., Aspelund, T., Danesh, J. 
and Gudnason, V. (2010) Chronic kidney disease and risk of major cardio-
vascular disease and non-vascular mortality: prospective population based 
cohort study. BMJ, 341, c4986.

	11.	Coll, E., Stoyanova, E., Rodríguez-Ribera, L., et al. (2013) Genomic dam-
age as an independent predictor marker of mortality in hemodialysis 
patients. Clin. Nephrol., 80, 81–87.

	12.	Lialiaris, T., Mavromatidou, P., Digkas, E., Passadaki, T., Mpountoukas, 
P., Panagoutsos, S. and Vargemezis, V. (2010) Chromosome instability in 
patients with chronic renal failure. Genet. Test. Mol. Biomarkers, 14, 37–41.

	13.	Slyskova, J., Naccarati, A., Polakova, V., et al. (2011) DNA damage and 
nucleotide excision repair capacity in healthy individuals. Environ. Mol. 
Mutagen., 52, 511–517.

	14.	Slyskova, J., Lorenzo, Y., Karlsen, A., Carlsen, M. H., Novosadova, V., 
Blomhoff, R., Vodicka, P. and Collins, A. R. (2014) Both genetic and 
dietary factors underlie individual differences in DNA damage levels and 
DNA repair capacity. DNA Repair (Amst)., 16, 66–73.

	15.	Zhang, Y., Zhou, J., Wang, T. and Cai, L. (2007) High level glucose 
increases mutagenesis in human lymphoblastoid cells. Int. J. Biol. Sci., 3, 
375–379.

	16.	Hopps, E., Noto, D., Caimi, G. and Averna, M. R. (2010) A novel compo-
nent of the metabolic syndrome: the oxidative stress. Nutr. Metab. Cardio-
vasc. Dis., 20, 72–77.

	17.	Giovannini, C., Piaggi, S., Federico, G. and Scarpato, R. (2014) High levels 
of γ-H2AX foci and cell membrane oxidation in adolescents with type 1 
diabetes. Mutat. Res., 770, 128–135.

	18.	Witczak, M., Ferenc, T., Gulczyńska, E., Nowakowska, D., Łopaczyńska, 
D. and Wilczyński, J. (2014) Elevated frequencies of micronuclei in preg-

632� M. Salimi et al., 2016, Vol. 31, No. 6

D
ow

nloaded from
 https://academ

ic.oup.com
/m

utage/article-abstract/31/6/627/2468949/ by Iran U
niversity of M

edical Science user on 08 O
ctober 2019



nant women with type 1 diabetes mellitus and in their newborns. Mutat. 
Res. Genet. Toxicol. Environ. Mutagen., 763, 12–17.

	19.	Pereira, C. S., Molz, P., Palazzo, R. P., de Freitas, T. A., Maluf, S. W., Horta, 
J. A., Prá, D. and Franke, S. I. (2013) DNA damage and cytotoxicity in 
adult subjects with prediabetes. Mutat. Res., 753, 76–81.

	20.	Roth, J. M., Restani, R. G., Gonçalves, T. T., Sphor, S. L., Ness, A. B., 
Martino-Roth, M. G. and Garcias, G. L. (2008) Genotoxicity evaluation 
in chronic renal patients undergoing hemodialysis and peritoneal dialysis, 
using the micronucleus test. Genet. Mol. Res., 7, 433–443.

	21.	Schupp, N., Heidland, A. and Stopper, H. (2010) Genomic damage in end-
stage renal disease-contribution of uremic toxins. Toxins, 2, 2340–2358.

	22.	Carstensen, B., Read, S. H., Friis, S., et al. (2016) Cancer incidence in per-
sons with type 1 diabetes: a five-country study of 9,000 cancers in type 1 
diabetic individuals. Diabetologia, 59, 980–988.

	23.	Polvani, S., Tarocchi, M., Tempesti, S., Bencini, L. and Galli, A. (2016) 
Peroxisome proliferator activated receptors at the crossroad of obesity, 
diabetes, and pancreatic cancer. World J. Gastroenterol., 22, 2441–2459.

	24.	Lee, S. C. and Chan, J. C. (2015) Evidence for DNA damage as a biological 
link between diabetes and cancer. Chin. Med. J. (Engl)., 128, 1543–1548.

	25.	Bonassi, S., El-Zein, R., Bolognesi, C. and Fenech, M. (2011) Micronuclei 
frequency in peripheral blood lymphocytes and cancer risk: evidence from 
human studies. Mutagenesis, 26, 93–100.

	26.	Tatsch, E., Carvalho, J. A., Hausen, B. S., et al. (2015) Oxidative DNA 
damage is associated with inflammatory response, insulin resistance and 
microvascular complications in type 2 diabetes. Mutat. Res., 782,17–22.

	27.	Xavier, D. J., Takahashi, P., Evangelista, A. F., Foss-Freitas, M. C., Foss, M. 
C., Donadi, E. A., Passos, G. A. and Sakamoto-Hojo, E. T. (2015) Assess-
ment of DNA damage and mRNA/miRNA transcriptional expression 
profiles in hyperglycemic versus non-hyperglycemic patients with type 2 
diabetes mellitus. Mutat. Res., 776, 98–110.

	28.	Cinkilic, N., Kiyici, S., Celikler, S., Vatan, O., Oz Gul, O., Tuncel, E. and 
Bilaloglu, R. (2009) Evaluation of chromosome aberrations, sister chro-
matid exchange and micronuclei in patients with type-1 diabetes mellitus. 
Mutat. Res., 676, 1–4.

	29.	Sandoval, S. B., Pastor, S., Stoyanova, E., et al. (2012) Genomic instability 
in chronic renal failure patients. Environ. Mol. Mutagen., 53, 343–349.

	30.	Prasad, M., Bronson, S. C., Warrier, T., et al. (2015) Evaluation of DNA dam-
age in Type 2 diabetes mellitus patients with and without peripheral neurop-
athy: A study in South Indian population. J. Nat. Sci. Biol. Med., 6, 80–84.

	31.	Colotta, F., Allavena, P., Sica, A., Garlanda, C. and Mantovani, A. (2009) 
Cancer-related inflammation, the seventh hallmark of cancer: links to 
genetic instability. Carcinogenesis, 30, 1073–1081.

	32.	Stoyanova, E., Sandoval, S. B., Coll, E., et al. (2010) Genotoxic damage in 
chronic renal failure patients. Studies using the comet assay. Nephrol. Dial. 
Transplant., 25, 879–885.

	33.	Corredor, Z., Stoyanova, E., Rodríguez-Ribera, L., Coll, E., Silva, I., Diaz, 
J. M., Ballarin, J., Marcos, R. and Pastor, S. (2015) Genomic damage as a 
biomarker of chronic kidney disease status. Environ. Mol. Mutagen., 56, 
301–312.

	34.	Kobras, K., Schupp, N., Nehrlich, K., Adelhardt, M., Bahner, U., Vienken, 
J., Heidland, A., Sebekova, K. and Stopper, H. (2006) Relation between 
different treatment modalities and genomic damage of end-stage renal fail-
ure patients. Kidney Blood Press. Res., 29, 10–17.

	35.	Rangel-López, A., Paniagua-Medina, M. E., Urbán-Reyes, M., et al. (2013) 
Genetic damage in patients with chronic kidney disease, peritoneal dialysis 
and haemodialysis: a comparative study. Mutagenesis, 28, 219–225.

	36.	Sandoval, S. B., Stoyanova, E., Coll, E., Pastor, S., Reyes, J., Andrés, E., 
Ballarin, J., Xamena, N. and Marcos, R. (2010) Genetic damage in chronic 
renal failure patients is associated with the glomerular filtration rate index. 
Mutagenesis, 25, 603–608.

	37.	Thomas, P. and Fenech, M. (2011) Cytokinesis-block micronucleus cytome 
assay in lymphocytes. Methods Mol. Biol., 682, 217–234.

	38.	Carrano, A. V. and Natarajan, A. T. (1988) International Commission for 
Protection Against Environmental Mutagens and Carcinogens. ICPEMC 
publication no.  14. Considerations for population monitoring using 
cytogenetic techniques. Mutat. Res., 204, 379–406.

	39.	Fenech, M. (2007) Cytokinesis-block micronucleus cytome assay. Nat. 
Protoc., 2, 1084–1104.

	40.	Stopper, H., Treutlein, A. T., Bahner, U., Schupp, N., Schmid, U., Brink, A., 
Perna, A. and Heidland, A. (2008) Reduction of the genomic damage level 
in haemodialysis patients by folic acid and vitamin B12 supplementation. 
Nephrol. Dial. Transplant., 23, 1–8.

	41.	Buemi, M., Floccari, F., Costa, C., et al. (2006) Dialysis-related genotoxic-
ity: sister chromatid exchanges and DNA lesions in T and B lymphocytes 
of uremic patients. Genomic damage in patients on hemodiafiltration. 
Blood Purif., 24, 569–574.

	42.	Domenici, F. A., Vannucchi, M. T., Jordão, A. A. Jr, Meirelles, M. S. and 
Vannucchi, H. (2005) DNA oxidative damage in patients with dialysis 
treatment. Ren. Fail., 27, 689–694.

	43.	Müller, C., Eisenbrand, G., Gradinger, M., et al. (2004) Effects of hemo-
dialysis, dialyser type and iron infusion on oxidative stress in uremic 
patients. Free Radic. Res., 38, 1093–1100.

	44.	Cakmak Demircigil, G., Aykanat, B., Fidan, K., et al. (2011) Micronucleus 
frequencies in peripheral blood lymphocytes of children with chronic kid-
ney disease. Mutagenesis, 26, 643–650.

	45.	Salimi, M., Mozdarani, H. and Nazari, E. (2014) Cytogenetic alterations 
in preimplantation mice embryos following male mouse gonadal gamma-
irradiation: comparison of two methods for reproductive toxicity screen-
ing. Avicenna J. Med. Biotechnol., 6, 130–139.

	46.	Salimi, M. and Mozdarani, H. (2015) Different aspects of CBMN assay as 
a comprehensive measurement tool for chromosomal instability focus on 
radiobiodosimetery. A review article. Int. J. Radiat. Res., 13, 101–126.

	47.	Bitgen, N., Donmez-Altuntas, H., Bayram, F., Cakir, I., Hamurcu, Z., Diri, 
H., Baskol, G., Senol, S. and Durak, A. C. (2015) Increased micronucleus, 
nucleoplasmic bridge, nuclear bud frequency and oxidative DNA dam-
age associated with prolactin levels and pituitary adenoma diameters in 
patients with prolactinoma. Biotech Histochem., 31, 1–9.

	48.	Mozdarani, H., Mansouri, Z. and Haeri, S. A. (2005) Cytogenetic radio-
sensitivity of g0-lymphocytes of breast and esophageal cancer patients as 
determined by micronucleus assay. J. Radiat. Res., 46, 111–116.

	49.	Himmelfarb, J. (2009) Uremic toxicity, oxidative stress, and hemodialysis 
as renal replacement therapy. Semin. Dial., 22, 636–643.

	50.	Vaziri, N. D. (2004) Oxidative stress in uremia: nature, mechanisms, and 
potential consequences. Semin. Nephrol., 24, 469–473.

	51.	Kan, E., Undeğer, U., Bali, M. and Başaran, N. (2002) Assessment of DNA 
strand breakage by the alkaline COMET assay in dialysis patients and the 
role of Vitamin E supplementation. Mutat. Res., 520, 151–159.

	52.	Herbert, K. E., Mistry, Y., Hastings, R., Poolman, T., Niklason, L. and Wil-
liams, B. (2008) Angiotensin II-mediated oxidative DNA damage acceler-
ates cellular senescence in cultured human vascular smooth muscle cells 
via telomere-dependent and independent pathways. Circ. Res., 102, 201–
208.

	53.	Mercer, J., Mahmoudi, M. and Bennett, M. (2007) DNA damage, p53, 
apoptosis and vascular disease. Mutat. Res., 621, 75–86.

	54.	Meerwaldt, R., Zeebregts, C. J., Navis, G., Hillebrands, J. L., Lefrandt, J. 
D. and Smit, A. J. (2009) Accumulation of advanced glycation end prod-
ucts and chronic complications in ESRD treated by dialysis. Am. J. Kidney 
Dis., 53, 138–150.

	55.	Dizdaroglu, M. (2012) Oxidatively induced DNA damage: mechanisms, 
repair and disease. Cancer Lett., 327, 26–47.

	56.	Donmez-Altuntas, H., Sahin, F., Bayram, F., et  al. (2014) Evaluation of 
chromosomal damage, cytostasis, cytotoxicity, oxidative DNA damage 
and their association with body-mass index in obese subjects. Mutat. Res. 
Genet. Toxicol. Environ. Mutagen., 771, 30–36.

	57.	Jonas, M. I., Kurylowicz, A., Bartoszewicz, Z., Lisik, W., Jonas, M., Wier-
zbicki, Z., Chmura, A., Pruszczyk, P. and Puzianowska-Kuznicka, M. 
(2015) Interleukins 6 and 15 levels are higher in subcutaneous adipose 
tissue, but obesity is associated with their increased content in visceral fat 
depots. Int. J. Mol. Sci., 16, 25817–25830.

	58.	Pálmai-Pallag, T. and Bachrati, C. Z. (2014) Inflammation-induced DNA 
damage and damage-induced inflammation: a vicious cycle. Microbes 
Infect., 16, 822–832.

Micronuclei as biomarker for diabetic nephropathy, 2016, Vol. 31, No. 6� 633

D
ow

nloaded from
 https://academ

ic.oup.com
/m

utage/article-abstract/31/6/627/2468949/ by Iran U
niversity of M

edical Science user on 08 O
ctober 2019




