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AGE advanced glycation endproduct
ANOVA analysis of variance

ATP adenosine triphosphate

CAT catalase

CE cholesterolester
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(¢]] confidence interval

CT computer tomography
CuzZnSOD  copper-zinc SOD

DM diabetes mellitus
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FFA free fatty acid

HbAlc glycated haemoglobin
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HWE Hardy Weinberg equilibrium
LCAT lecitin-cholesterol acyltransferase
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MnSOD manganese SOD

NCBI National Center for Biotechnology Information
oxLDL oxidized LDL

p38 MAPK p38 mitogen activated protein kinase
PCR-RFLP polymerase chain reaction-restriction fragment lenght polymorphism

PKC protein kinase C

PON1 paraoxonase 1

RAGE receptor for advanced glycation endproduct
ROS reactive oxygen species

SNP single nucleotide polymorphism

SOD superoxide dismutase

T1DM Type 1 diabetes mellitus

T2DM Type 2 diabetes mellitus

TBE tris borate EDTA buffer

WHO World Health Organisation



Introduction

It is a well-estabilished fact that diabetes mellitus is a risk factor
for cardiovascular disease [1] which is leading cause of death in
diabetic population [2]. It is also well-known fact that tight control of
diabetes is effective in reducing vascular complications [3]. One of
the principal pathways to develop vascular complications is the
production of ROS [4]. There are multiple sources of oxidative stress
in diabetes including nonenzymatic and enzymatic pathways [5]. In
the process of mitochondrial respiration, molecular oxygen is
essential for the complete metabolism of glucose and other
substrates during the production of ATP. During the course of normal
oxidative phosphorylation between 0.4 and 4% of all oxygen
consumed is converted into superoxide. While ROS are generated
under physiological conditions [6], excess generation of ROS has
pathological consequences [7]. They can stimulate oxidation of LDL,
forming ox-LDL, which is not recognized by the LDL receptor leading
to foam cell formation [8]. ROS can activate formation of AGE [9],
polyol pathway [10], hexosamine pathway and PKC [11], involved in
pathogenesis of microvascular and macrovascular complications [12].

There is considerable evidence that hyperglycemia causes
many of the major complications of diabetes including macro- and
microvascular damage [13,14,15,16,17]. Oxidative stress resulting
from increased production of ROS (or their inadequate removal) plays
a key role in the pathogenesis of diabetic complications.

In vivo studies reveal that oxidative stress due to hyperglycaemia
occurs before vascular complications become clinically evident
[18,19,20,21,22,23,24,25,26, 27,28,30,31,32,33]. Hyperglycaemia
regulates stress-activated signaling pathways including nuclear



factor-kB, p38 MAPK, NH2-terminal Jun kinases/stress-activated
protein kinases (JNK/SAPK), AGE/ RAGE, and protein kinase C.

It still have to be elucidated the fact that some patients with DM
develope vascular complications but this cannot be seen in the other
patients with the same duration of diabetes mellitus or level of
disease control [34]. We have focused on genes coding leading
antioxidative enzymes superoxide dismutase (SOD), catalase (CAT)
and paraoxonase 1 (PON1).

Specifically, we have targered SNPs for their likely functional role:
SOD1 +35A/C (rs2234694) which is located adjacent to a splice site
(exon3/intron3 boundary), SOD2 Alal6Val (rs4880) which has been
suggested to alter protein structure [35] and function (C/T substitution
in exon 2, codon position 2, aminoacid position 16) and catalase -
21AIT (rs7943316) which is located in the promotor region just
proximal to the start site. The molecular basis of the PON1
polymorphisms is a missence mutation in the coding region of PON1,
resulting in a glutamine (Q)/arginine (R) substitution at codon 192
(rs662) [36]. PON1Q192 is more efficient at metabolizing oxidized
HDL or LDL than PON1R192 [37]. Polymorphism at position 55
Leu(L)/Met(M) (rs854560) has been associated with plasma PON1
protein levels, with PON1M55 being associated with low plasma
PON1 level. Polymorphisms in promotor region of PON1 have for the
most part not been yet characterized, but may affect splicing activity,
message stability or efficiency of polyadenylation.

Superoxide dismutase 1 (CuznSOD, SOD1, EC 1.15.1.1) is one
of the cellular defense systems for oxidative insults [38]. The increase
of CuZnSOD expression in human smooth muscle cells protects

against oxidant injury. OXLDL cause an increase in the DNA binding



activity of activator protein-1 and nuclear factor kB, which is inhibited
by CuzZn-SOD overexpression.

Superoxide dismutase 2 (MnSOD, SOD2, EC 1.15.1.1) is present
in mitochondria. C/T substitution (GCT/GTT) has been shown to
change the structural conformation of the mitochondrial targeting
sequence (MTS) of the enzyme. Associations have been found
between the Alal6Val SNP and human neurodegenerative disorders
[39].

Catalase (CAT, EC 1.11.1.6) is present in the peroxisomes and
exists as a dumbbell-shaped tetramer of four identical subunits.
Several SNPs in the CAT gene have been reported, most of which
are associated with acatalasaemia [40].

Human serum paraoxonase (PON1, EC 3.1.8.1.), a 43-kDa
protein, catalyses the hydrolysis of organophosphate esters, aromatic
carboxylic acid esters, and carbamates [41]. PONL1 is synthesized in
the liver and is mainly associated with high-density lipoprotein (HDL)
[42]. The enzyme decreases accumulation of the lipid peroxides in
low-density lipoprotein (LDL) due to its ability to reduce
hydroperoxides [43] and it attenuates biological effects of mildly
oxidized LDL.



Aims

We have focused on genes encoding leading antioxidative
enzymes superoxide dismutase (SOD), catalase (CAT) and
paraoxonase 1 (PON1). These enzymes play key role in the
pathogenesis of chronic complications of diabetes mellitus. One of
the principal pathways to develop vascular complications is the
production of ROS. Etiology of the vascular damage in patients with
diabetes mellitus is multifactorial with considerable interindividual

variability and the influence of the genetic background.

Hypothesis:

* we have considered that escalated oxidative stress relate to the
formation and development of chronic vascular changes in patients
with diabetes mellitus.

e we have also presumed that activity of ROS is involved in the
development of both types of vascular complications in diabetes
mellitus.

¢ we have expected that displacement of the equilibrium among
ROS production and removing is caused not only by hyperglycaemia
but also by insufficiency of antioxidative defense system. It has been
still elucidated which of them is primary event.

e dysfunction of antioxidative enzymes may be caused not only
secondarily by the hyperglycaemia (e.g. process of nonenzymatic
glycation) but also in primary association with the presence of gene

polymorphisms of antioxidative enzymes.



« it has been evidenced that some of studied polymorphisms may
influence activity or concentration of the enzymes. We expected that
minor SNP or mutations preferable cause alteration of the enzyme
than play a protective role.

e we suppose that studied candidate genes for macroangiopathy

do not play a major role in the process of microangiopathy.

Aims of research:

e to analyse polymorphisms of candidate genes for chronic
vascular complications in patients with diabetes mellitus — genes for
PON1, SOD1, SOD2, CAT.

e to study an association between gene polymorphisms of
antioxidant enzymes and the presence of macroangiopathy or
microangiopathy in patients with diabetes.

« to determine enzyme activity of paraoxonase 1 and superoxide
dismutase.

e toinvestigate gene polymorphism influence on enzyme activity.
e to study the correlation of polymorphisms with some laboratory

parameters monitored in patients with diabetes.



Methods

Subjects

Total of 120 T1DM, 306 T2DM and control group of 140 healthy
subjects without family history of diabetes were examined in this
study. Diagnosis of T1 and T2DM was based on WHO/ADA definition
of diabetes (1999), healthy subject didn’t fulfile the criteria for this
diagnosis. They were in good health and namely free of any co-
morbidities often associated with diabetes, especially with T2DM
(hypertension, obesity, hyperlipoproteinemia) and other endocrine
disorders. Microangiopathy was confirmed by ophthalmoscopy or by
the presence of peripheral neuropathy (diagnose was based on
clinical features and by physical examination by 10 g monofilament,
tuning fork and biothesiometry) in 167 patients who did not have any
evidence of macrovascular disease from the clinical picture (no
history of angina pectoris, normal ECG records or nhormal
coronarogram). In case of suspection on autonomic neuropathy made
from physical examination (tachycardia recorded by ECG in resting
state, systolic blood pressure reaction on orthostatism) patients were
excluded from this group. 66 subjects had macrovascular
complications manifested by ischemic heart disease (diagnosis was
based on ECG or coronarography), ischemic disease of the lower
limbs (diagnosis was based on angiography of lower limbs arteries)
or had history of stroke (diagnosis based on clinical features and CT).
The remaining 161 diabetic patients were free of any complications.
Clinical and laboratory characteristics are shown in Table 1. The
research has been carried out within an ethical framework, informed

consents of all participants are documented.



Laboratory measurements

Venous blood samples were drawn after an overnight fast.
Plasma glucose, creatinine were measured in central biochemistry
laboratory. Serum total cholesterol, HDL-cholesterol and triglycerides
(TG) were measured by automated enzymatic methods on Hitachi
analyzer, LDL cholestrol was calculated according to Friedwalds
formula. HbAlc was measured by high-performance liquid
chromatography.

Paraoxonase activity was determined spectrophotometrically
[44]. Serum was preincubated with 5x10° mol/l eserine (Sigma-
Aldrich) for 10 minutes at room temperature to inhibit serum
butyrylcholinesterase activity, which is markedly elevated in diabetes
and interferes with determination of paraoxonase activity. Preliminary
experiments showed that these conditions completely inhibited
butyrylcholinesterase without any effects on paraoxonase activity.
Paraoxonase activity was measured by adding 6,6 ul of serum to 1 ml
Tris/HCI buffer (100 mmol/L, pH 8.0, Sigma-Aldrich) containing 2
mmol/l CaCl; and 5.5 mmol/l paraoxon (O,0O-diethyl-O-p-
nitrophenylphosphate; Sigma —Aldrich). The rate of p-nitrophenol
generation was determined on spectrophotometer Spectronic at 405
nm and 25C. PONL1 activity was expressed in nmol/min/ml.

Superoxid dismutase activity was determined also
spectrophotometrically by xanthine/xanthine oxidase system. The
method is based on the reaction described by McCord and Fridovich

[45]. SOD activity was expressed in international units (U).
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DNA analysis

Blood was extracted from the peripheral blood (5-10 ml) and
genomic DNA was prepared from leucocytes (minimal amount of
leucocytes was 3,5 . 10°/ ) by sodium dodecylsulphate (SDS) lysis
by ammonium acetate extraction and ethanol precipitation.
Determination of the PON1, SOD1, SOD2 and CAT polymorphisms
was achieved by PCR-RFLP analysis. Details are shown in Tab.2.
Digested PCR products were visualised by UV transillumination
following ethidium bromide staining and migration compared against
DNA ladder and a positive RFLP control sample. 3% agarose gel
including 0,5 pg/ml ethidium bromide, 10 pl of molecular markers (two
different types used simultaneously) and 20 pl of amplicon for the
other wells were applied for electrophoresis. 0,5xTBE buffer (pH 8)
including 0,5 pl/ml ethidium bromide was used. Running conditions
were 100 V, 40 mA and 140 min. Information about all SNPs and
SNP ID were obtained from the NCBI homepage and all SNPs have
been validated by multiple, independent submissions to the refSNP
cluster. The genotyping success rate was 95.0% (range 91.1 to
98.4%). Water control, internal controls and previously genotyped
samples were included in each plate to ensure accuracy of
genotyping. Positive and negative controls were used in each
genotyping assay. To ensure quality control, the genotyping analysis
was performed "blind" with respect to case/control status. About 10%
of the samples were randomly selected to be genotyped again by a
different investigator, who was also unaware of the status of studied
subjects. The results were concordant. The polymorphisms were also
examined by PCR and RFLP analysis described previously
[46,47,48].
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Statistical analysis

Age, BMI and duration of diabetes were compared between
studied groups using Student's t-test. Statistical analyses of
frequency counts were performed using the Chi-square (x2) test.
Comparison of continuous variables (HbA;¢) among the SOD
genotypes was performed with the use of ANOVA. A logistic regression
analysis was performed to evaluate the interaction between the
genotypes and other variables in relation to the prevalence of macro-
or microangiopathy. In this analysis, the dependent variable was the
presence or absence of vascular complication. Independent variables
included in this analysis were BMI, age, present HbA;. level, type of
diabetes, duration of diabetes, SOD activity and genotype. P values
<0.05 were considered as significant. The laboratory data are
expressed as means + SD. The analysis was performed using
programme Statistica 6.0 (StatSoft). Testing for deviation from Hardy-
Weinberg equilibrium (HWE) was performed and all the observed
genotype frequencies were in agreement with HWE.

12



Results

Serum PONL1 activity

Serum PONL1 activity was significantly decreased in TLDM
(1104£68 nmol/min/ml; 95% CI: 96-120 nmol/min/l) and in T2DM
patients (118+69 nmol/min/l; 95% CI:111-127 nmol/min/l) compared
to the control subjects (20358 nmol/min/ml; 95%CI:190-226
nmol/l/min ), both p< 0,01. No gender or age influence on its activity
was found in diabetic or healthy subjects. The lower serum PON1
activity was found in patients (T1 and T2) with macrovascular
(209471 nmol/min/ml; 95%CI: 91-113 nmol/min/l) than in those with
microvascular complications (119+69 nmol/min/ml; 95%CI: 108-128

nmol/min/ml, p<0,05 ).

The effect of the L55M PON 1 polymorphism on PON 1  activity in
healthy subjects and diabetic patients

The LL (Leu/Leu) genotype was the most common in healthy
subjects followed by the LM (Leu/Met) genotype, whereas the LM
was more common than the LL genotype in TIDM and T2DM
patients (Tab. 3). Significant differences between the allele and
genotype frequencies (Tab.3) for the PON1 55 polymorphism was
observed in TIDM as compared to controls (L: 0.69 vs 0.52, p<0.01;
M: 0.31 vs. 0.48, p<0.05) and similarly in T2DM (L: 0.58 vs. 0.52; M:
0.42 vs 0.48, p<0.05). The 55 gene polymorphism was related to
PON1 serum activity. Higher activities were found in LL than in MM

genotypes of diabetic patients but not in control subjects (Tab. 3).

Relationship between the PON 1 Q192R polymorphism and PON

1 activity in the controls and DM population

13



The QQ genotype (GIn/GIn) was the most common in both TLDM
and T2DM patients as well as in healthy subjects whereas the RR
genotype was the rarest one (Tab. 3). The allele frequency of the
PON1 192 polymorphisms was significantly different in healthy
persons compared to TIDM and T2DM patients (Q: 0.54 (controls)
vs. 0.81 (T1) or 0.85 (T2), p<0.05, R: 0.46 (controls) vs. 0.19 (T1) or
0.15 (T2), p<0.05) (Fig. 1).

In both groups of diabetic patients PON1 activity was the highest in
the RR genotype and the lowest in the QQ genotype whereas no
differences were found in healthy persons (Tab. 3.).

Relationship between the PON 1 promotor polymorphi sms and
PON 1 activity in the controls and DM population

We found no statistically significant differences between
frequencies in alleles of both promotor SNPs between DM patients
and healthy subjects (Tab.3). PONL1 activity, as well as diabetes
control, were not influenced by polymorphisms in the promotor region
(Tab. 4). Glycated haemoglobin (%) was 6,69+1,34; 95% CI: 6,19-
7,02 in C allele carriers vs. 6,61+1,45; 95% CI: 6,29-7,10 in T allele
carriers with p=0,261 in -107C/T polymorphism and 6,70+1,69;
95%Cl: 6,53-7,12 in G allele carriers vs. 6,58+1,55; 95%CIl: 6,28-
7,07 in C allele carriers with p=0,326 in -907 G/C polymorphism.

The association of PON 1 polymorphisms and PON1 act  ivity
with diabetes control and vascular complications

In TIDM and T2DM patients diabetes control expressed by
glycated haemoglobin values was poorer in MM genotype (7,10+1,51;
95%Cl: 6,42-7,91 in TIDM and 7,29+1,49; 95%CI: 6,70-8,46 in
T2DM) than in LL genotype (6,39+1,1; 95%CI: 5,7-7,0 in TADM and
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6,71+1,21; 95%Cl: 5,73-6,99) with p<0,05 and similarly in QQ
genotype (6,9+1,4; 95%Cl: 5,53-7,35 in TLDM and 6,9+1,4; 95%CI:
5,58-7,09 in T2DM) than in RR genotype (5,95+1,51; 95%CI: 5,39-
7,14 in TIDM and 6,1+1,51; 95%CIl: 5,70-7,35 in T2DM) with p<0,05.
(Fig. 2). The patients with LM and QR genotypes had intermediate
diabetes control.

Significantly different genotype frequencies of both SNPs in coding
region of gene were found in diabetic patiens (T1DM and T2DM) with
macroangiopathy (ma+). When compared these with LL vs.(LM and
LM) genotypes: OR (odds ratio) 3.07; 95% CI 1.55-7.44 with p<0,01
and QQ vs. (QR and RR) genotypes: OR 0,62; 95%CI 0,38-0,88
with p<0,01. No differences in genotype frequencies were associated
with microangiopathy (mi+). When compared these with LL genotype
vs. (LM and MM): OR 95%, OR 0,92; CI 0.58-1.62 with p=0.843 and
QQ genotype vs. (QR and RR) genotypes: OR 0,96 95%; Cl 0.62-
1.78 with p= 0.752.

Macroangiopathy was associated with significantly higher
frequency of M allele (0,59 in ma+ group vs. 0,44 in group without
complications, p<0,01) and lower frequency of R alelle (0,12 in ma+
group vs. 0,19 in group without vascular complications, p<0,05)
whereas no such distrubution was found in microangiopathy (M allele
was 0,47 in mi+ group vs. 0,44 in group without complications with
p=0,218 and R allele was 0,18 in mi+ group vs. 0,19 in group without
complications with p= 0,542). Frequencies of genotypes ranged
according to presence of vascular complications in both types of
diabetes mellitus are showed in Figure 3.

We found no statistically significant association of promotor

polymorphisms with macro- or microangiopathy (Tab. 4).
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We found also negative correlation between serum paraoxonase
activity (PONL1) in both types of diabetes mellitus and the values of
glycated haemoglobin (HbAlc %) (Fig. 4), as well as the presence of
vascular complications in both types of diabetes (Fig.5).

SOD activity

Serum SOD activity was significantly decreased in TLDM
(0,75+0,18 U; 95% CI: 0,72, 0,79 ) and in T2DM patients (0,71+0,33;
95% CI: 0,67, 0,74) compared to the control subjects (1,67+0,33,
95% CI: 1,61, 1,72), both p< 0,01. Differences between T1DM and
T2DM in SOD activity were not found statistically significant (p=0,14).
No gender or age influence on its activity was found in diabetic
patients or healthy subjects. Difference in SOD activity between
diabetic patients and healthy subjects is probably accountable not
only by genotype background but also by various effects in terms of
diabetes, e.g. enzyme glycation.The lower serum SOD activity was
found in patients (T1DM and T2DM) with macrovascular
complications (0,51+0,31 U; 95%CI: 0,43, 0,58) than in those with
microvascular complications (0,74+0,16 U; 95%CIl: 0,71, 0,76),
p<0,01 or without any vascular complications (0,76+ 0,34 U;95%ClI:
0,71, 0,81), p< 0,05.

The effect of the SOD1 +35A/C polymorphism on SOD activity
in healthy subjects and diabetic patients with DM

The AA genotype was the most common observed in the healthy
subjects followed by the AC genotype, whereas the AC was more
common than the AA genotype in TIDM and T2DM patients (Tab. 3).
Significant differences between the allele and genotype frequencies

for the SOD1 +35A/C polymorphism was observed in TIDM as
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compared to controls (A: 0.69 vs 0.52, p<0.01; C: 0.31 vs. 0.48,
p<0.05) and similarly in T2DM (A: 0.58 vs. 0.52; C: 0.42 vs 0.48,
p<0.05). This SNP was related to SOD serum activity. Higher
activities were found in AA than in CC genotypes of diabetic patients
(Tab. 3). Statistical analysis (analysis of variance) showed significant
trend towards possible association of AA genotype with higher activity
(P (trend) = 0.029). Diabetic and healthy subjects have been pooled
together as one group in the study of association between SOD
activity and genotypes to improve statistical power of analysis.
Differences among these subjects in age, duration of diabetes,

presence of other co-morbidities were included.

Relationship between the SOD2 Alal6Val (C/T) polym orphism
and SOD activity in healthy subjects and patientsw  ith DM

The TT genotype (Val/Val) was the most common in both TIDM
and T2DM patients, CT genotype was the most common in healthy
subjects whereas the CC genotype (Ala/Ala) was the rarest one in all
groups (Tab. 3). The allele frequency of the SOD2 polymorphisms
was significantly different in healthy persons compared to TILDM and
T2DM patients (T allele (Val): 0.54 (controls) vs. 0.81 (T1) or 0.85
(T2), p<0.05 and C allele (Ala): 0.46 (controls) vs. 0.19 (T1) or 0.15
(T2), p<0.05 (Fig. 6). In all groups of diabetic patients SOD activity
was the highest in the CC genotype (Ala/Ala) and the lowest in the TT
genotype (Val/Val) (Tab. 3.).

CAT polymorphism in diabetes mellitus

We found no statistically significant differences between

frequencies in alleles of CAT SNP between diabetic patients and
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healthy subjects (p=0,294). Control of diabetes was not influenced by
polymorphisms in the CAT gene (Tab. 5).

The association of enzyme activity and polymorphis ms in SOD1
and SOD?2 with diabetes control and vascular complic ations of
diabetes mellitus

Diabetes control expressed by glycated haemoglobin values was
poorer in TT genotype (Val/Val) of SOD2 (7,10+1,51; 95%CI: 6,42-
7,91 in T1IDM and 7,29+1,49; 95%CI: 6,70-8,46 in T2DM) than in CC
genotype (Ala/Ala) of SOD2 (6,39+1,1; 95%CI: 5,7-7,0 in TADM and
6,71+1,21; 95%Cl: 5,73-6,99 in T2DM), p<0,05.

No effect of SNP in SOD1 gene on diabetes control was found.
Glycated haemoglobin was 6,7+1,4; 95%CI: 5,41-6,23 in TADM and
6,9+1,4; 95%CI: 5,48-6,09 in T2DM, both in AA genotype of SOD1
gene and 6,59+1,22, 95%Cl: 5,08-6,24 in TADM and 6,61+1,51;
95%Cl: 5,02-6,05 in T2DM, both in CC genotype of SOD1 gene, with
p=0,124.

Similar findings were made in CAT gene. Glycated haemoglobin
was 6,14+1,11; 95% CI: 6,06-6,57 in TLDM and 6,50+0,85; 95%Cl:
6,32-7,25 in T2DM, both in AA genotype of CAT and 6,19+1,32, 95%
Cl: 6,09-6,60 in TLDM and 6,61+0,54; 95%CI: 6,45-7,05 in T2DM,
both in TT genotype of CAT gene, with p=0,249.

Significantly different genotype frequencies of SNPs were found
in diabetic patiens (T1DM and T2DM) with macroangiopathy (MA+) in
SOD1 and SOD2 genes. When compared these with CC genotype
vs. AC and AA genotypes of SOD1: OR (odds ratio) was 1.73; 95%
Cl 1.45-5.37 with p<0,05, CC genotype (Ala/Ala) vs. CT (Ala/Val)
and TT (Val/Val) genotypes of SOD2: OR was 0,62; 95%CI 0,58-

18



0,90 with p<0,01. When compared AA genotype vs. AT and TT
genotypes of CAT: OR was 1.05; 95%Cl 0,78-1,13, p=0,851.

Macroangiopathy was associated with significantly higher
frequency of C allele in SOD1 gene (0,58 in MA group vs. 0,42 in DM
group without complications, p<0,01), lower frequency of C alelle
(Ala) in SOD2 gene (0,28 in MA group vs. 0,39 in DM group without
vascular complications, p<0,05) whereas no such distribution was
found in CAT gene, p=0,594.

No differences in genotype frequencies were associated with
microangiopathy (MI+). When compared these with CC genotype vs.
AC and AA genotypes in SOD1: OR was 0,91; 95%CI 0.74-1.32 with
p= 0.783, CC genotype (Ala/Ala) vs. CT (Ala/Val) and TT (Val/Val)
genotypes in SOD2: OR was 0,96; 95% CI 0.52-1.38 with p= 0.852
and AA genotype vs. AT and TT genotypes in CAT: OR 1,04 95%; CI
0,37-1,26 with p=0,814. No statistically significant differences in allele
frequencies were found in all SNPs of the studied genes in the
patients with microangiopathy when compared with patients without
vascular complications (C allele in SOD1 was 0,47 in Ml group vs.
0,42 in DM group without complications, p=0,118, T allele in SOD2
was 0,35 in Ml group vs. 0,39 in DM group without complications, p=
0,242). Frequencies of genotypes ranged according to presence of
vascular complications in both types of diabetes mellitus are showed
in Figure 6.

We found negative correlation between serum superoxide
dismutase activity (SOD) in both types of diabetes mellitus and the
values of glycated haemoglobin (HbAlc %) (Fig. 7), as well as the
presence of vascular complications in both types of diabetes (Fig.8).

Assaociation of the PON1 polymorphism in coding and promotor

region, SOD1, SOD2 and CAT polymorphisms, BMI, age, duration of
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diabetes, sex, type of diabetes, PON1 and SOD activity as
independent variables with the presence of micro- or
macroangiopathy as dependent variable was performed using a
logistic regression model. This analysis indicated that PON1 L55M,
Q192R, SOD1 and SOD2 genotypes are significantly associated with
macroangiopathy. Another variables significantly associated (p<0,05)
with angiopathy were HbA1c, PON1 activity, SOD activity and
duration of diabetes. No independent contribution has been

demonstrated for age, sex, BMI and the type of diabetes (Tab. 6).
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Discussion

In present study we found significantly different proportion of
alelle distribution for two coding region but not for promotor sequence
of PON1 gene in Type 1 and Type 2 diabetic patients as compared
with healthy subjects. Our findings of L55M and Q192R
polymorphisms in diabetes are in agreement with previous
observations of other authors [49]. We confirmed that serum PON1
activity is significantly reduced in diabetic patients [50]. The presence
of PON1-55 MM and PON1-192 QQ genotypes was associated with
poorer diabetes control than LL and RR genotypes. Finally,
macroangiopathy was associated with significantly higher frequency
of M allele and lower of R alelle whereas no such distrubution was
found in microangiopathy.

Peroxidation of low density lipoproteins (LDL) plays a central role
in atherogenesis [51]. Enzymes associated with HDL patrticles,
including paraoxonase 1, platelet-activating factor acyltransferase
and lecitin-cholesterol acyltransferase (LCAT), can cleave oxidised
lipids from LDL. High-density lipoproteins (HDL) diminish the
accumulation of lipid peroxides in LDL mainly due to paraoxonase
activity. In vitro PON 1 protects LDL from the copper-induced
generation of oxidation products, particularly LDL-conjugated dienes.
Associations between PON-1 gene polymorphisms and
cardiovascular disease could be therefore influenced by these
enzyme-protective effects in vivo.

PONL1 gene polymorphisms may influence variability of the
enzyme activity and some cross-sectional and case-control studies
have described an association between cardiovascular disease or

cardiovascular events and PON1 gene polymorphisms in diabetes
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mellitus and non-diabetic subjects [52]. The low PON1 activity
decreases ability to prevent lipid-peroxide formation with consequent
acceleration of the oxidative stress. Overproduction of the reactive
oxygen species in diabetic patients may be due to chronic
hyperglycemia, hyperinsulinaemia, elevated free fatty acids (FFA)
and dyslipidemia [51]. Plasma lipids also modifies composition,
function and concentration of the HDL. Elevated plasma triglyceride-
rich lipoproteins may substitute cholesterolesters (CE) in HDL by
driving cholesterol ester transfer protein (CETP) with subsequent
HDL depletion of CE.

As a result, both the conformation and function of HDL may be
altered. Glycation of HDL or directly of PON1 in HDL as occurs in
diabetes may result in detachment of PONL1 itself from the HDL and
PON1 inactivation [50]. The low enzyme activity is caused rather by
glycation of the PON1 protein than by reduced synthesis of its
molecules [53]. PONL1 is bound by HDL in lesser extent in diabetic
patients as compered to healthy persons and its activity is then poorly
stabilized [54]

Our results support an idea that lipid protection against oxidation
by PON1 may be reduced in diabetic patients because of lower
enzyme activity. The association of MM and QQ genotypes in two
tested regions with poorer diabetes control and more decreased
enzyme activity in macroangiopathy relates to the assumption that L
and R carriers might be better protected against atherosclerosis. On
the contrary, in some studies the RR genotype was more prevalent in
subjects with history of cardiovascular disease than in those without it
[55,56]. Other authors did not find any relationship of PON1 Q192R

polymorphism to cardiovascular disease [57,58].
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The strongest candidate for the natural substrate of PON seems
to be one of the modified LDL phospholipids, an oxidised arachidonic
acid derivative [59]. Previous observations indicate that the activity of
PON, measured by non-physiological substrate paraoxon, may be
adequate to predict its antioxidative properties, which may take part
in the development of macrovascular complications in diabetes
mellitus.

Large differences between ethnic populations are known in the
PONZ1 genotype distribution which may be the reason for differences
among studies [60].

We conclude that the PON1 192 RR and 55 LL genotypes are
associated with higher PON1 activity than QQ and MM genotypes
and may be more protective to lipid peroxidation. Moreover, higher
prevalence of QQ and MM genotypes in diabetes is associated with
poorer glucose control and therefore advanced non-enzymatic
glycation as well as greater oxidative stress.

Our findings in SOD2 gene are in agreement with previous
observations of other authors [61]. We also confirmed known fact that
serum SOD activity is significantly reduced in patients with DM [62].
The presence of TT (Val/Val) genotype in SOD2 gene was
associated with poorer diabetes control in comparison with CT
(Ala/val) and CC (Ala/Ala) genotypes. Macroangiopathy was
associated with significantly lower frequency of C (Ala) alelle of
Alal6Val SNP of SOD2 gene. This has not been confirmed by
another study focused on the role of antioxidative enzymes (including
SOD2) in determining genetic susceptibility to the coronary artery
disease in patients with T2DM [63]. Other studies suggest that
Alal6Val SNP of SOD2 gene is not related to pathogenesis of
diabetes but is associated with microangiopathy expressed as
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microalbuminuria [64] or macular edema in patients with T2DM [65].
No such distrubution was found in microangiopathy in our study.
Finally, we found negative correlation between SOD activity in both
types of diabetes and level of control (expressed by glycated
haemoglobin) and presence of microangiopathy or macroangiopathy.

SNP in the signal sequence of SOD2 (Alal6Val) appears to be a
minor determinant of carotid atherosclerosis [40. The Ala type of
SOD2 might have an common alfa-helical structure while the Val type
might change its conformation to beta-sheet [66]. The Val variant of
the SOD2 might be present at a lower concentration in the
mitochondria. The processing study of these 2 leader signals has
suggested that the basal level of the SOD2 activity might be the
highest for Ala/Ala genotype (C/C) [66]. Observed positive
association of macroangiopathy and high levels of glycated
haemoglobin with the SOD2-Val/Val genotype could be explained, at
least in part, by the Val izoform of the SOD2. It may lead to decrease
resistance against ROS produced in the mitochondria and to
oxidative damage of proteins [67]. The Ala allele of the SOD2 gene is
more widespread than the Val allele in Caucasian population in
contrast to Asian populations.

Our results are indicative of potential effect of A/IC SNP in SOD1
gene on enzyme activity. It is known that deficiency in SOD1 results
in increased levels of vascular superoxide and peroxynitrite and
impaired endothelium-dependent relaxation in both large arteries and
microvessels [68] and caused hypertrophy of arteries [69].
Macroangiopathy was associated with significantly higher frequency
of C allele of +35 A/C SNP of SOD1 gene whereas no such

distrubution was found in microangiopathy.
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We found no statistically significant differences in distribution of
CAT alleles in studied SNP and no impact of this SNP on the
presence of vascular complications and the level of glycated
haemoglobin. Hypocatalasaemic patients were found to have higher
plasma levels of homocysteine and lower levels of folate [40],
suggesting these patients are at greater risk for cardiovascular
diseases. SNPs in the catalase promoter have been identified in a
Swedish population [70] but their relationship to the vascular disease
risk has not been determined. A variant within the catalase promoter
region has been associated with essential arterial hypertension in an
isolated Chinese population [71]. TLDM susceptibility locus on the
chromosome 11p13 near to the catalase gene supports the idea of
CAT gene may play a role in DM [72]. On the other side another
authors found no evidence for a major effect of CAT SNPs on T1DM
susceptibility in two large sample collections [73].

The study inconsistency in the association between genotypes
and DM or cardiovascular disease is partly due to the limits of cross-
sectional case-control studies because selection bias have to be
considered and the statistical analysis might have failed to
demonstrate any significant differences.

Genetic background may be at least partly associated with
diabetes control and consequently enzyme activities protecting
against oxidative stress. Vascular disorders like atherosclerosis are

then the results of combined genetic and metabolic changes.
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Conclusions

« enzyme activity of PON1 was significantly decreased in patients
with both types of diabetes mellitus in comparison with control
subjects.

« allele and genotype frequency of L55M a Q192R in the coding
region of PON1 gene differed significantly between patients with
diabetes mellitus and healthy subjects.

« we found no such distribution of allele and genotype frequency of
polymorphisms in the promotor region of PON1 gene in both
compared groups (diabetic and nondiabetic).

. patients with both types of diabetes had better glycaemic control
of the disease (expressed by glycated haemoglobin) in the presence
of LL genotype in L55M SNP and RR genotype in Q192R SNP of
PONL1 gene.

« the presence of macroangiopathy was significantly associated
with higher frequency of M allele and lower frequency of R allele.

e no such distribution has been found in the promoter region of
PON1 gene according to the presence of macroangiopathy nor level
of glycaemic control of the disease (expressed by glycated
haemoglobin).

« we found no association between microangiopathy and studied
polymorphisms both in coding and promoter region of PON1 gene.

* enzyme activity of PON1 correlated negativelly with the values of
glycated haemoglobin in patients with diabetes mellitus.

« enzyme activity of PON1 was significantly decreased in patients

with vascular complications of diabetes mellitus.
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e enzyme activity of superoxide dismutase has been found
significantly lower in patients with diabetes mellitus in comparison
with healthy subjects. Moreover, patients with macroangiopathy had
SOD activity lower than those with microangiopathy.

« allele and genotype frequency differed statictically significantly
when compared patients with both types of diabetes mellitus with
control subjects in +35A/C SNP in SOD1 gene and Alal6Val in SOD2
gene. No such difference has been found in -21A/T in CAT gene.

e patients with both types of diabetes mellitus have better long-
term glycaemic control of the disease (expressed by glycated
haemoglobin) in the presence of CC (Ala/Ala) genotype in SOD2
gene.

* no such distribution has been found in the studied SNPs of
SOD1 a CAT genes according to the level of glycaemic control of the
disease (expressed by glycated haemoglobin).

e the presence of macroangiopathy was significantly associated
with higher frequency of C allele of +35A/C polymorphism in SOD1
gene and lower frequency of C(Ala) allele of Vall6Ala polymorphism
in SOD2 gene. No such distribution has been found in the CAT gene
according to the presence of macroangiopathy.

« we found no association between microangiopathy and studied
polymorphisms in SOD1, SOD2 and CAT.

* enzyme activity of SOD correlated negativelly with the values of
glycated haemoglobin in patients with diabetes mellitus. SOD activity
was significantly decreased in patients with vascular complications of

diabetes mellitus.
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Tables

Table 1 Clinical and laboratory characteristics

Gender (males/females)
Mean age (years)
Duration of DM (years)
BMI (kg/m2)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Microvascular complications(n)
Macrovascular complications(n)
FPG (mmoll/l)
HbAlc (%)
GFR (MDRD) (ml/s/1,73m ?)
Total cholesterol (mmol/l)
HDL-C (mmol/l)
LDL-C (mmol/l)

Triglycerides (mmol/l)

T1DM
58/62
40+12
189
2244
12010
60£20
40
14
6,60+1,35
6,1+1,9
1,23#0,35
4,8+0,5
1,55+0,35
3,22+0,53

1,31+0,30

P values (a)

0,602
0,022
0,853
0,03

0,748
0,521
0,048
0,016
0,058
0,321
0,179
0,042
0,216
0,116

0,031

T2DM
156/150
57+15
1748
305
125425
70+30
159
52
7,82+2,29
6,7+1,8
1,09+0,28
5,3+0,7
1,31+0,32
3,57+0,81

1,99+0,79

Controls
93/87
39+9

0
2145
120420
70£15
0
0
4,95+0,76
0
1,35+0,22
4,8+0,3
1,75%0,66
3,10+0,74

1,23+0,48
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P values (b)
0,198

0,043

0,027
0,676

0,621

0,009

0,041
0,205
0,325
0,234

0,038



Table 2 Sequences of primers and used restrictases

sequence of restrictase restriction
SNP used fragments
primers

5'TCTATATTCAA
TCAAATGCTACA
AAAC3’

5 TGGTACTTCTC
CTCGGTGACG3’

5'-

TCGGGGAGCAC
AGAGTGTAC-3'
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[
GAAAGACTTAAA
CTGCCAGTCC-3'

30

5"
AATCCTTCTGCC
ACCACTCG-3'

5"
GGGGCTCGTGG
AGCTGGCAG-3'

CCT'I'I'ACCCCTC

ATTCCCTGAGGT

GCCTCTGTACAC
CCATAT-3'



Table 3 The occurrence of genotypes in studied
polymorphisms.

T1DM

T2DM

Controls

T1DM

T2DM

Controls

n (%)

PON1
act

n (%)

PON1
act

n (%)

PON1
act

n (%)

PON1
act

n (%)

PON1
act

n (%)

PON1
act

LL

23 (27)

122+449

69 (28)

1194349

76 (70)

206148

CcC

26 (30)

115+34

71 (29)

112+30

37 (33)

199+42

LM

43 (50)

119+40

124 (51)

114+48

29 (26)

20552

CT

42 (49)

119+40

123 (50)

114432

55 (50)

205+38

MM

19 (22)*

103+48¢

53 (21)*

108+399

5 (4)

202448

TT

18 (21)

118+36

52 (21)

113+39

18 (17)

202446

QQ

49 (57)

1134329

156 (63)

106+489

39 (36)

202443

GG

42 (49)

113+38

117 (48)

114431

57 (51)

206+40

QR

22 (26)

115+48

59 (24)

114434

36 (32)

204+31

GC

36 (42)

120430

104 (42)

118+34

44 (40)

200£32

RR

14 (17)*

121433

31 (13)

1184319

35 (31)*

204+29

CcC

8(9)

118+34

25 (9)

115+38

9 (9)

203+38
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T1DM

T2DM

Controls

T1DM

T2DM

Controls

n (%)

SOD act
L)

n (%)

SOD act
L)

n (%)

SOD act
L)

n (%)

n (%)

n (%)

58 (48)

0,760,1
5

104 (34)

0,73+0,2
9

49 (27)

1,66+0,3
1

AA

48(40)

110(36)

67(37)

AC

50 (42)

0,74+0,1
S

147(48)

0,72+0,3
6

90 (50)

1,67+0,3
5

AT

53 (44)

147(48)

86(48)

CcC

12 (10)

0,7340,1
9

55(18)

0,70+0,3
1

41(23)

1,66+0,2
8

TT

19(16)

49(16)

27 (15)

TT
(Val/val)

79 (66)

0,73+0,1
4

220(72)

0,72+0,2
8

52(29)

1,58+0,2
8

cT
(Ala/Val)

36 (30)

0,74+0,2
S

80(26)

0,72+0,1
9

90 (50)

1,60+0,3
5

The occurrence of genotypes in studied polymorphisms among T1, T2

diabetic patiens and healthy subjects (controls), serum superoxide dismutase

activity separated according to the genotypes in compared groups (AA/AC/CC
in SOD1 gene, TT/CT/CC in SOD2 gene, AA/AT/TT in CAT gene). Data are
expressed in mean+SD, n means number of cases, brackets mean genotype

frequencies (allele frequencies and differences among them are mentioned in

text), PONL1 act, resp. SOD act means enzyme activity in nmol/min/ml, resp.

U.* means differences between genotype frequencies MM (L55M) or RR
(Q192R) in T1 or T2 DM vs. control subjects with p< 0,05. § means

32

cc
(Ala/Ala)

5(4)

0,77+0,1
8

6 (2)

0,75+0,1
5

38(21)

1,63+0,0
8



differences between PON1 activity in LL vs. MM or QQ vs. RR genotype in T1
and T2 DM with p=< 0.05.

Table 4 Genotype frequencies of promotor

polymorphisms of PON1 gene.

Genotype
CcC
Cil
TT
GG
GC
CcC

MA+
0,27
0,49
0,23
0,39
0,46
0,15

M+
0,26
0,49
0,24
0,36
0,48
0,16

MA-MI-
0,24
0,49
0,26
0,38
0,48
0,14

HbAlc
6,62+1,35
6,74+1,30
6,58+1,12
6,77+1,39
6,58+1,46
6,61+1,32

Genotype frequencies of promotor polymorphisms of PON1 gene according to

the presence of vascular complications in patients with diabetes mellitus. MA+

means presence of macroangiopathy, MI- means presence of

microangiopathy, MA-MI- group involves patients with no vascular

complications. HbA1c is glycated haemoglobin (%) marked as mean+SD.

Table 5 Genotype frequencies in CAT gene according to

presence of vascular complications and values of

glycated haemoglobin according to the genotype.

Genotype
AA
AT
TT

MA+
0,28
0,50
0,22

Mi+
0,32
0,49
0,19

MA-MI-
0,34
0,49
0,17

HbAlc
6,28+1,25
6,35+1,10
6,32+1,22
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Table 6

Variable
L55M genotype
Q192R genotype
-107 C/T
- 907 G/C
PON1 activity
SOD1 35 A/IC
SOD2 A16V
CAT -21 AIT
SOD activity

Type of diabetes

Present HbAlc
BMI
Duration of diabetes
Sex
Age
Type of diabetes

p (MA)
0,005
0,028
0,345
0,357
0,035
0,048
0,009
0,851

0,040
0,084

0,032
0,397
0,025
0,66
0,324
0,034

OR; 95%CI (MA)
3.11; 1,33-8,86
0,51; 0,27-0,98
0,94; 0,86-1,08
0,92; 0,76-1,14
0,48; 0,25-0,84
1,73; 1,45-5,37
0,62; 0,58-0,90
1,05; 0,78-1,13
0,48; 0,25-0,9

0,96; 0,89-1,65

1,35; 1,22-1,57
0,96; 0,91-1,08
1,91;1,37-4,12
0,99; 0,89-1,23
0,93; 0,59-1,34
1,96; 1,79-2,65

p (MI)
0,813
0,662
0,565
0,61
0,042
0,783
0,852
0,814
0,048

0,079

0,025
0,452
0,032
0,83
0,452
0,049

OR; 95%Cl (MI)
0,92; 0,49-1,76
0,94; 0.45-1.65
0,78; 0,56-1,08
0,90; 0,78-1,12
0,52; 0,34-0,82
0,91; 0,74-1,32
0,96; 0.52-1.38
1,04; 0,37-1,26
0,62; 0,44-0,91

0,88; 0,73-1,17

1,56; 1,22-1,91
0,88; 0,77-1,04
2,01; 1,80-5,31
0,98; 0,88-1,22
0,96; 0,72-1,28
1,98; 1,63-2,13



Figures
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Figure 2
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Box diagram demonstrates glycated hemoglobin values (HbAlc %) in
subgroups of Type 1 and Type 2 diabetic patiens distinquished
according to L55M and Q192R genotypes. Statistically significant
differences between LL vs. MM genotype in L55M polymorphism are
expressed by * with p<0.05 and between QQ vs. RR genotype in
Q192R polymorhism are expressed by + with p<0.05.
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Figure 3
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the text.
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Figure 4
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Data correlation between the values of glycated haemoglobin (HbAlc
%) and serum paraoxonase activity (PON1) in both types of diabetes
mellitus. The correlation coeficients (Spearman) are r1= -0,37
(T1DM), r2=-0,13 (T2DM) with p < 0,05 . Dotted lines mean 95%

confidence intervals.
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Figure 5
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Cross-correlation between the presence of vascular complications in
diabetic patients and the level of serum paraoxonase activity. The
correlation coeficients are r1=-0,27 (T1DM), r2=-0,25 (T2DM) with
p=<0,05. Dotted lines mean 95% confidence intervals.
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Figure 6
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Figure 7
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Data correlation between the values of glycated haemoglobin (HbAlc
%) and serum superoxide dismutase activity (SOD) in both types of
diabetes mellitus. The correlation coeficients (Spearman) are rl= -
0,41 (T1DM), r2= -0,23 (T2DM) with p <0,05 . Dotted lines mean 95%

confidence intervals.
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Figure 8
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activity. The correlation coeficients (Spearman) are r1=-0,29 (T1DM),
r2=-0,28 (T2DM) with p<0,05. Dotted lines mean 95% confidence

intervals.

42



References

[1] Sobel BE: Optimizing cardiovascular outcomes in diabetes mell itus .
Am J Med 2007, 120: 3-11.

[2] Gregg EW, Gu Q, Cheng YJ, Narayan KM, Cowie CC: Mortality trends in
men and women with diabetes, 1971 to 2000 . Ann Intern Med 2007, 147:
149-55.

[3] Wade AO, Cordingley JJ: Glycaemic control in critically ill patients with
cardiovascular disease. Curr Opin Crit Care 2006, 12: 437-43.

[4] Johansen JS, Harris AK, Rychly DJ, Ergul A: Oxidative stress and the
use of antioxidants in diabetes: linking basic scie nce to clinical practice
Cardiovasc Diabetol 2005, 4: 5.

[5] Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J: Free
radicals and antioxidants in normal physiological f unctions and human
disease. Int J Biochem Cell Biol 2007, 39: 44-84.

[6] Zzhang DX, Gutterman DD: Mitochondrial reactive oxygen species-
mediated signaling in endothelial cells. Am J Physiol Heart Circ Physiol
2007, 292: 2023-31.

[7] Da Ros R, Assaloni R, Ceriello A: Molecular targets of diabetic vascular
complications and potential new drugs. Curr Drug Targets 2005, 6: 503-9.

[8] Schleicher E, Friess U.: Oxidative stress, AGE, and atherosclerosis.
Kidney Int Suppl 2007, 106: 17-26.

[9] Tan AL, Forbes JM, Cooper ME: AGE, RAGE, and ROS in diabetic
nephropathy. Semin Nephrol 2007, 27: 130-43.

[10] Hammes HP: Pathophysiological mechanisms of diabetic
angiopathy. J Diabetes Complications 2003, 17: 16-9.

[11] Nishikawa T, Araki E: Impact of mitochondrial ROS production in the
pathogenesis of diabetes mellitus and its complicat ions . Antioxid Redox
Signal 2007, 9: 343-53.

[12] Mokini Z, Chiarelli F: The molecular basis of diabetic
microangiopathy . Pediatr Endocrinol Rev 2006, 4: 138-52.

[13] DeFronzo RA: Pathogenesis of type 2 diabetes: metabolic and

molecular implications for identifying diabetes gen es. Diabetes Rev 1997,
5: 177-269.

43



[14] Brownlee M: Biochemistry and molecular cell biology of diabetic
complications. Nature 2001, 414: 813-820.

[15] The Diabetes Control and Complications Trial Research Group:The
effect of intensive treatment of diabetes on the de  velopment and
progression of long-term complications in insulinde pendent diabetes
mellitus. N Engl J Med 1993, 329: 977-986.

[16] UK Prospective Diabetes Study Group: Intensive bloodglucose control
with sulphonylureas or insulin compared with conven tional treatment
and risk of complications in patients with type 2 d iabetes (UKPDS 33).
Lancet 1998, 352: 837-853.

[17] Turner RC, Holman RR, Stratton IM, Cull CA, Matthews DR, Manley SE,
Frighi VV, Wright D, Neil A, Kohner E, McElroy H, Fox C, Hadden D: Effect of
intensive blood-glucose control with metformin on c omplications in
overweight patients with type 2 diabetes (UKPDS 34) . Lancet 1998,352:
854-865.

[18] Halliwell B: The role of oxygen radicals in human disease, with
particular reference to the vascular system. Haemostasis 1993, 23: 118—
126.

[19] Giugliano D, Ceriello A, Paolisso G: Diabetes mellitus, hypertension,
and cardiovascular disease: which role for oxidativ e stress? Metabolism
1995, 44: 363-368.

[20] Maxwell SRJ, Thomason H, Sandler D, Leguen C, Baxter MA, Thorpe
GHG, Jones AF, Barnett AH: Antioxidant status in patients with uncomplicated
insulin-dependent and non-insulindependent

diabetes mellitus. Eur J Clin Invest 1997, 27:484—490.

[21] Nourooz-Zadeh J, Tajaddini-Sarmadi J, Mccarthy S, Betteridge DJ, Wolff
SP: Elevated levels of authentic plasma hydroperoxides in NIDDM.
Diabetes 1995, 44:1054-1058.

[22] Nourooz-Zadeh J, Rahimi A, Tajaddini-Sarmadi J, Tritschler H, Rosen P,
Halliwell B, Betteridge DJ: Relationships between plasma measures of
oxidative stress and metabolic control in NIDDM. Diabetologia 1997, 40:
647-653.

[23] Sundaram RK, Bhaskar A, Vijayalingam S, Viswanathan M, Mohan R,
Shanmugasundaram KR:Antioxidant status and lipid peroxidation in type

Il diabetes mellitus with and without complications . Clin Sci (Colch) 1996,
90: 255-260.

[24] Tesfamariam B: Free radicals in diabetic endothelial cell dysfunc  tion.
Free Radic Biol Med 1994, 16: 383—-391.



[25] Ziegler D, Hanefeld M, Ruhnau KJ, Meissner HP, Lobisch M, Schutte K,
Gries FA: Treatment of symptomatic diabetic peripheral neuro pathy with
the anti-oxidant _-lipoic acid. A 3-week multicentr e randomized
controlled trial (ALADIN Study). Diabetologia 1995, 38: 1425-1433.

[26] Mohamed AK, Bierhaus A, Schiekofer S, Tritschler H, Ziegler R, Nawroth
PP: The role of oxidative stress and NF-_B activationi  n late diabetic
complications . Biofactors 1999, 10: 157-167.

[27] King GL, Brownlee M: The cellular and molecular mechanisms of
diabetic complications. Endocrinol Metab Clin North Am 1996, 25: 255-270.

[28] Fenner E, King GL: Vascular dysfunction in diabetes mellitus. Lancet
1997, 350(Suppl 1): 9-13.

[29] Rosen P, Nawroth PP, King G, Moller W, Tritschler HJ, Packer L: The
role of oxidative stress in the onset and progressi on of diabetes and its
complications: a summary of a Congress Series spons ored by UNESCO-
MCBN, the American Diabetes Association, and the Ge ~ rman Diabetes
Society. Diabetes Metab Res Rev 2001, 17: 189-212.

[30] West IC: Radicals and oxidative stress in diabetes.  Diabet
Med2001,17: 171-18.

[31] Mohamed AK, Bierhaus A, Schiekofer S, Tritschler H, Ziegler R, Nawroth
PP: The role of oxidative stress and NF-_B activationi  n late diabetic
complications . Biofactors 1999, 10:157-167.

[32] Stehouwer CDA, Schaper NC: The pathogenesis of vascular
complications of diabetes mellitus: one voice or ma ny? Eur J Clin Invest
1993, 26: 535-543.

[33] Yaqoob M, Patrick AW, McClelland P, Stevenson A, Mason H, White MC,
Bell GM: Relationship between markers of endothelial dysfunc tion,
oxidant injury and tubular damage in patients with insulin-dependent
diabetes mellitus. Clin Sci (Colch) 1993, 85: 557-562.

[34] Fumeron F, Reis AF, Velho G: Genetics of macrovascular
complications in diabetes.  Curr Diab Rep 2006, 6: 162-8.

[35] Kinnula VL, Lehtonen S, Koistinen P, Kakko S, Savolainen M, Kere J,
Ollikainen V, Laitinen T: Two functional variants of the superoxide

dismutase genes in Finnish families with asthma. Thorax 2004, 59: 116-
9.

[36] Humbert R, Adler DA, Disteche CM, Hassett C, Omiecinski CJ, Furlong

CE: The molecular basis of the human serum paraoxonase
polymorphisms. Nat Genet 1993, 3: 73-6.

45



[37] Aviram M, Hardak E, Vaya J, Mahmood S, Milo S, Hoffman A: Human
serum paraoxonase (PON1) Q and R selectively decrea se lipid peroxides
in human coronary and carotid arteriosclerotic lesi ons. Circulation 2000,
101: 2510-7.

[38] Hart PJ: Pathogenic superoxide dismutase structure, folding,
aggregation and turnover.  Curr Opin Chem Biol 2006, 10:131-8.

[39] Zelko IN, Mariani TJ, Folz RJ: Superoxide dismutase multigene family:
a comparison of the CuzZn-SOD (SOD1),Mn-SOD (SOD2), and EC-SOD
(SOD3) gene structures, evolution, and expression. Free Radic Biol Med.
2002, 33: 337-49.

[40] Leopold JA, Loscalzo J: Oxidative enzymopathies and vascular
disease. Arterioscler Thromb Vasc Biol 2005, 25: 1332-40.

[41] Li B, Sedlacek M, Manoharan |, Boopathy R, Duysen EG, Masson P,
Lockridge O: Butyrylcholinesterase, paraoxonase, and albumin est erase,
but not carboxylesterase, are present in human plas  ma. Biochem
Pharmacol 2005, 70(11):1673-84.

[42] Tomas M, Latorre G, Senti M, Marrugat J: The antioxidant function of
high density lipoproteins: a new paradigm in athero sclerosis. Rev Esp
Cardiol 2004, 57(6):557-69.

[43] Kinumi T, Ogawa Y, Kimata J, Saito Y, Yoshida Y, Niki E: Proteomic
characterization of oxidative dysfunction in human umbilical vein
endothelial cells (HUVEC) induced by exposure to ox idized LDL. Free
Radic Res 2005, 39(12): 1335-44.

[44] Furlong C,Richter RJ,Seidel SI,Costa LG,Motulsky AG:
Spectrophotometric assays for the enzymatic hydroly sis of the active
metabolites of chlorpyrifos and parathion by plasma
paraoxonase/arylesterase . Anal Biochem 1989; 180: 242-7.

[45] McCord JM, Fridowich I: Superoxide dismutase. An enzymic function
for erythrocuprein (hemocuprein).  J. Biol. Chem 1969, 243: 6049—6055.

[46] Nahon P, Sutton A, Pessayre D: Genetic dimorphism in superoxide
dismutase and susceptibility to alcoholic cirrhosis , hepatocellular
carcinoma and death . Clin Gastroenterol Hepatol 2005, 3: 292-8.

[47] Nomiyama T, Tanaka Y, Piao L, Nagasaka K, Sakai K, Ogihara T,
Nakajima K, Watada H, Kawamori R: The polymorphism of manganese
superoxide dismutase is associated with diabetic ne phropathy in
Japanese type 2 diabetic patients. J Hum Genet 2003, 48: 138-41.

[48] Ukkola O, Erkkila PH, Savolainen MJ, Kesaniemi YA:Lack of
association between polymorphisms of catalase, copp er-zinc

46



superoxide dismutase (SOD), extracellular SOD and e  ndothelial nitric
oxide synthase genes and macroangiopathy in patient s with type 2
diabetes mellitus. J Intern Med 2001, 249: 451-9.

[49] Agachan B, Yilmaz H, Karaali Z, Ishir T: Paraoxonase 55 and 192
polymorphism and its relationship to serum paraoxon ase activity and
serum lipids in Turkish patients with non-insulin d ependent diabetes
mellitus. Cell. Biochem. Funct 2004, 22: 163-168.

[50] Karabina Sa, Lehner An, Frank E, Parthasarathy S, Santanam N.
Oxidative inactivation of paraoxonase--implications in diabetes mellitus
and atherosclerosis. Biochim Biophys Acta 2005,1725 (2): 213-21.

[51] Maritim AC, Sanders RA, Watkins JB: Diabetes, oxidative stress, and
antioxidants: a review. J Biochem Mol Toxicol. 2003, 17(1): 24-38.

[52] Fortunato G, Rubba P, Panico S, Trono D, Tinto N, Mazzaccara C, De
Michelem, lannuzzi A, Vitale Df, Salvatore F, Sacchetti L: A paraoxonase
gene polymorphism, PON 1 (55), as an independent ri sk factor for
increased carotid intima-media thickness in middle- aged women.
Atherosclerosis. 2003,167(1):141-8.

[53] Hedrick Cc, Thrope Sr, Fu Mx, Harper Cm, Yoo J, Kim Sm: Glycation
impairs high-density lipoprotein function. Diabetologia 2000, 43: 312-20.

[54] Baum L, Ng HK, Woo KS, Tomlinson B, Rainer TH, Chen X, Cheung WS,
Chan DK, Thomas GN, Tong CS, Wong KS: Paraoxonase 1 gene Q192R
polymorphism affects stroke and myocardial infarcti on risk. Clin Biochem
2006, 39(3): 191-5.

[55] Ranade K, Kirchgessner TG, Jakoubova OA, Devlin JJ, Delmonte T,
Vishnupad P,Hui L, Tsuchihashi Z, Sacks FM, Sabatine MS, Braunwald E,
White TJ, Shaw PM, Racopoli NC: Evaluation of the paraoxonases as

candidate genes for stroke: GIn192Argpolymorphism i n the paraoxonase
1 gene is associated with increased risk of stroke. Stroke 2005 , 36(11):
2346-50.

[56] Jarvik GP, Rozek LS, Brophy VH, Hatsukami TS, Richter RJ,
Schellenberg DG, Furlong CE: Paraoxonase (PON1) phenotype is a better
predictor of vascular disease than is PON1 19, or PON1ss genotype.
Arterioscler. Thromb. Vasc. Biol. 2000, 20: 2441-2447.

[57] Mackness B, Davies GK, Turkie W, Lee W, Roberts WE, Hill E, Roberts
C, Durrington PN, Mackness MI: Paraoxonase status in coronary heart
disease: are activity and concentration more import ant than genotype?
Arterioscler. Thromb. Vasc. Biol. 2001, 21: 1451-1457.

[58] Durrington N., Mackness B. And Mackness MI: Paraoxonase and
atherosclerosis. Arterioscler. Thromb. Vasc. Biol. 2001, 21: 473-480.

47



[59] Dantoine T, Debord J, Merle L, Charmes JP: From organophosphate
compound toxicity to atherosclerosis: role of parao xonase 1. Rev Med
Interne. 2003, 24(7): 436-42.

[60] Koda Y, Tachida H, Soejima M, Takenaka O, Kimura H: Population
differences in DNA sequence variation and linkage d  isequilibrium at the
PON1 gene. Ann Hum Genet 2004, 68: 110-9.

[61] Chistyakov DA, Savost'anov KV, Zotova EV, Nosikov VV:
Polymorphisms in the Mn-SOD and EC-SOD genes and th  eir relationship
to diabetic neuropathy in type 1 diabetes mellitus. BMC Med Genet 2001,
2: 4.

[62] Song F, JiaW, Yao Y, Hu Y, Lei L, Lin J, Sun X, Liu L:Oxidative stress,
antioxidant status and DNA damage in patients with impaired glucose
regulation and newly diagnosed Type 2 diabetes. Clin Sci (Lond) 2007,
112: 599-606.

[63] Nemoto M, Nishimura R, Sasaki T, Hiki Y, Miyashita Y, Nishioka M,
Fujimoto K, Sakuma T, Ohashi T, Fukuda K, Eto Y, Tajima N.: Genetic
association of glutathione peroxidase-1 with corona ry artery
calcification in type 2 diabetes: a case control st udy with multi-slice
computed tomography. Cardiovasc Diabetol 2007, 7: 23.

[64] Lee SJ, Choi MG, Kim DS, Kim TW.: Manganese superoxide
dismutase gene polymorphism (V16A) is associated wi th stages of
albuminuria in Korean type 2 diabetic patients. Metabolism 2006, 55: 1-7.

[65] Lee SJ, Choi MG: Association of manganese superoxide dismutase
gene polymorphism (V16A) with diabetic macular edem a in Korean type
2 diabetic patients. Metabolism 2006, 55:1681-8.

[66] Shimoda-Matsubayashi S, Atsum Mine Hob, Kayashi Takagaw, Na-
Hattori Y, Shimizu Y, Mizino Y: Structural dimorphism in the mitochondrial
targeting sequence in the human manganese superoxid e dismutase
gene. Biochem Biophys Res Commun 1996, 226: 561-565.

[67] Shimoda-Matsubayashi S, Hattori Y, Matsumine H, Shinohara A, Yoritaka
A, Mori H, Kondo T, Chiba M, Mizuno Y: MnSOD activity and protein in a
patient with chromosome 6-linked autosomal recessiv e parkinsonism in
comparison with Parkinson's disease and control. Neurology 1997, 49:
1257-1262.

[68] Rolo AP, Palmeira CM: Diabetes and mitochondrial function: role of

hyperglycemia and oxidative stress . Toxicol Appl Pharmacol 2006, 212:
167-78.

48



[69] Faraci FM, Didion SP: Vascular protection: superoxide dismutase
isoforms in the vessel wall. ~ Arterioscler Thromb Vasc Biol 2004, 24: 1367-
73.

[70] Forsberg L, Lyrens L, de Faire U, Morgenstern R: A common functional
C-T substitution polymorphism in the promoter regio n of the human
catalase gene influences transcription factor bindi ng, reporter gene
transcription and is correlated to blood catalase | evels. Free Radic Biol
Med 2001, 30: 500-5.

[71] Jiang Z, Akey JM, Shi J, Xiong M, Wang Y, Shen Y, Xu X, Chen H, Wu H,
Xiao J, Lu D, Huang W, Jin L: A polymorphism in the promoter region of
catalase is associated with blood pressure levels . Hum Genet 2001, 109:
95-98.

[72] Chistiakov DA, Savost'anov KV, Turakulov RI, Titovich EV, Zilberman LI,
Kuraeva TL, Dedov II, Nosikov VV.: A new type 1 diabetes susceptibility
locus containing the catalase gene (chromosome 11pl  3) in a Russian
population. Diabetes Metab Res Rev 2004, 20: 219-24.

[73] Pask R, Cooper JD, Walker NM, Nutland S, Hutchings J, Dunger DB,
Nejentsev S, Todd JA: No evidence for a major effect of two common
polymorphisms of the catalase gene in type 1 diabet  es susceptibility.
Diabetes Metab Res Rev 2006, 22: 356-60.

49



Acknowledgements

This study was supported by Research project of the Ministry
of Education MSM0021620807.

List of publications relevant to PhD
thesis

Flekac M, Skrha J.Polymorfismy paraoxonaz a jejich vyznam.Klin. Biochem.
Metab. 12 (33), 2004, No. 4, p. 232—238.

Flekac M, Skrha J, Novotny Z. Faktory ovlivnuijici aktivitu a koncentraci
antioxidacniho enzymu paraoxonazy 1. Klin. Biochem. Metab. 14 (35), 2006,
No. 1, p. 33-39.

Flekac M, Skrha J: Association of paraoxonase 1 gene polymorphisms with
Type 2 diabetes mellitus, Eur J Hum Genet, Abstr suppl, 2005.

Flekac M, Skrha J, Hilgertova J, Lacinova Z: Gene polymorphisms of
antioxidant enzymes in diabetes mellitus, Diabetologia, Abstr suppl, 2006.
Flekac M, Skrha J, Lacinova Z., Hilgertova J. Polymorfismy antioxidacnich
enzymu u diabetiku. DMEV, 9, Suppl.1, 2006.

Flekac M, Skrha J, Lacinova Z, Zidkova K, Hilgertova J. Paraoxonase 1 gene
polymorphisms and enzyme activities in diabetes mellitus. PhysRes, 2008, v
tisku.

Flekac M, Skrha J, Lacinova Z, Hilgertova J, Jarolimkova M. Polymorphisms
of superoxide dismutases and catalase and diabetes mellitus. BMC Med Gen.
2008, v tisku.

Flekac M, Skrha J. Oxidacni stres, antioxidacni enzymy a uloha paraoxonazy
v rozvoji diabeticke angiopatie, kapitola v Trendy soudobe diabetologie,
2008, v tisku.

50



