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Abstract 
Diabetic nephropathy is a major complication of type 1 diabetes whose pathogenesis is insufficiently known, but oxidative stress and 
genetic susceptibility seem to be involved. The purpose of this study is to assess the possible association of +35A/C (rs2234694) 
polymorphism in SOD1-gene with advanced stages of diabetic nephropathy in patients with type 1 diabetes in Romania. There have been 
enrolled 238 unrelated patients, having type 1 diabetes, divided into group A (106 patients) with diabetic nephropathy – macroalbuminuria 
or ESRD (End Stage Renal Disease) and group B (132 patients) without diabetic nephropathy. The genomic DNA was extracted from 
the peripheral venous blood and the genotyping of +35A/C (rs2234694) polymorphism has been made using the PCR–RFLP technique. 
The statistical analysis has been made using De Finetti’s program. There has not been a significant deviation from the Hardy–Weinberg 
equilibrium for any group (p=0.229 and p=0.894, respectively). The data analysis revealed that the presence of a C-allele confers a 
significant risk (p=0.008) for the advanced diabetes nephropathy (OR=4.940, 95% C.I.=1.341–18.198), and the CA-genotype (p=0.015) 
confers a little lower risk (OR=4.491, 95% C.I.=1.203–16.766). This study shows the association of a mutant C-allele of rs2234694 
polymorphism in SOD1-gene with the advanced stages of diabetic nephropathy in patients with type 1 diabetes in Romania, suggesting the 
involvement of the defense against oxidative stress, as an important link in the pathogeny of diabetic nephropathy. 
Keywords: SOD1, +35A/C polymorphism, diabetic nephropathy, type 1 diabetes, rs2234694. 

 Introduction 

Diabetic nephropathy (DN) is developing in appro-
ximately 15–33% of type 1 diabetic patients. Oxidative 
stress is a key-component in developing this compli-
cation [1]. In diabetes mellitus, there are many ways to 
produce ROS (Reactive Oxygen Species) [2, 3]. At the 
same time, ROS may activate the formation of AGE [4], 
polyol pathway [5], Protein Kinase C (PKC), [6] NF-kB 
[7], p38MAPK and Jak/STAT, leading to endothelial 
dysfunction, trigger of cytokine and growth factors re-
lease [2], mesangial proliferation, glomerular basement 
membrane thickening [8], tubular cell apoptosis [9], 
podocyte apoptosis [10] and fibrosis. Moreover, the uni-
fied theory states that chronic hyperglycemia is respon-
sible for producing mitochondrial dysfunction with ROS 
superproduction, which is the triggering factor of these 
processes [11]. A vicious circle is formed in which the 
antioxidant defense plays an important role, protecting 
against diabetes mellitus complications [12]. 

Probably the most important free radical scavenger 

enzyme is superoxide dismutase (SOD). Superoxide 
dismutase 1 (SOD1) is located at the cytosol level 
[13, 14] and represents between 50% and 80% of the 
total SOD activity [15, 16]. SOD1 is a key enzyme in 
diabetic nephropathy because its renal level is decreased 
in this disease [17], SOD1-deficient animal models 
develop accelerated kidney lesions [18] and the treat-
ment with a SOD1-mimetics leads to the suppression of 
albuminuria [18] and improvement of nephropathic 
lesions [17]. 

Involvement of low levels of SOD1 in diabetic 
nephropathy, the existence of some polymorphisms 
which diminish SOD1-activity and the evidence of ge-
netic susceptibility for diabetic kidney disease [19–22], 
render the study of SOD1-gene functional mutations as 
risk factors for diabetic nephropathy, an interesting one. 

SOD1-gene has five exons and the +35A/C poly-
morphism (rs2234694) is adjacent to the splicing point 
(exon3/intron3) [23], being related to the SOD1-activity 
– AA-genotype having the higher SOD1-activity [25]. 

The purpose of this study is to assess the possible 
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association of +35A/C (rs2234694) polymorphism with 
the advanced stages of diabetic nephropathy in patients 
with type 1 diabetes in Romania. 

 Material and Methods 

Two hundred and thirty-eight unrelated patients with 
type 1 diabetes were enrolled in the study. The enroll-
ment in the study was made by obtaining the informed 
consent of patients, in compliance with the Declaration 
of Helsinki. The patients were divided in group A (106 
patients) having diabetic nephropathy – macroalbumin-
uria or ESRD (End Stage Renal Disease), and group B 
(132 patients) which had diabetes with an evolution of 
over 20 years, without diabetic nephropathy. The diag-
nosis of type 1 diabetes was confirmed by determining 
the C-peptide (<0.3 nmol/L). In addition, for all the 

patients, the treatment with insulin has been initiated in 
the first 12 months from the diagnosis of diabetes and 
the diabetes onset was through ketoacidotic coma.  
The patients were included in the group with diabetic 
nephropathy if they showed a glomerular filtration rate 
of ≤59 mL/min./1.73 m2 and albuminuria >300 mg/L in 
the first morning urine. Those from the control group 
showed a glomerular filtration rate of >90 mL/min./ 
1.73 m2 and less than 120 mL/min./1.73 m2. 

The genomic DNA was extracted from the patients’ 
peripheral venous blood, using Promega Wizard 
Isolation Kit. The genotyping of +35A/C (rs2234694) 
polymorphism was made using the PCR-RFLP tech-
nique. A fragment of 277 bp was amplified, using the 
following primers, previously used by Young RP et al. 
(Table 1) [26]. 

Table 1 – Components of PCR reactions for +35A/C polymorphism in SOD1-gene 
Polymorphism Primers Restriction conditions Electrophoresis 
+35A/C 
(exon3/intron3) 

F 5-CTATCCAGAAAACACGGTGG GCC-3 
R 5-TCTATAT TCAAT CAAATG CTACAAAACC-3 HhaI (370C) 8% Polyacrylamide 

 
The mixture used for PCR-reaction contained: 1 µL 

genomic DNA, PCR Buffer (2X) 5 µl, dNTP 0.4 µL, 
primes F and R of 0.05 µL each, Taq polymerase  
0.1 µL, water 3.6 µL, working in a final volume of  
10 µL. PCR was made with the help of a Corbett 
Research CGI–96 appliance. PCR had a stage of initial 
denaturation of 2 minutes at 950C followed by 32 cycles 
– 40 seconds at 940C, 40 seconds at 550C, 40 seconds  
at 720C, and ended by a final elongation of 1 minute  
at 720C.  

Amplicons of 277 bp in size were verified through 
electrophoresis in (2%) agarose gel, and then restricted 
using 5 U/reaction of HhaI enzyme (Fermentas).  
The enzymatic digestion lasted three hours at 370C. 
Restriction fragments were visualized under UV light, 
after the electrophoresis in 8% polyacrylamide gel and 
impregnation. 

The first stage of the statistical analysis of genotype 
distribution in the two groups was the testing 
concerning the deviation from Hardy–Weinberg equi-
librium using „Pearson’s chi-square test”, calculating 
also the “inbreeding coefficient” (F) for the population 
in the two groups. Then, odds ratio (OR) and 95% 
confidence intervals (95% C.I.) were calculated starting 
from the contingency tables, in order to assess the 
association between GPX-1 genotypes and diabetic 
nephropathy. At the end of the analysis, with the help  
of contingency tables, the Cochran–Armitage Test was 
performed [27, 28] to raise awareness of χ2-test.  
The calculations for the case-control study were made 
using De Finetti’s program. In all cases, the p-values 
considered to be statistically significant were <0.05. 

 Results 

The clinical data of patients enrolled in the study are 
shown in Table 2. The average age of patients in the 
group of diabetic nephropathy cases was of 36.8 years 
(SD =±2.5), and that in the control group was of  
38.3 years (SD=±-1.8), with a significant difference at  

t-test in favor of those in the control group, who were 
older, on the average, with 1.5 years. There has not been 
any significant difference between the two groups, with 
regard to gender or the smoker status. 

Table 2 – Clinical data of patients enrolled in the 
study 

Parameter Group A  
n=106 (%) 

Group B  
n=132 (%) p 

Average age (SD) 36.8 
(±2.5) 

38.3 
(±1.8) <0.0001 

Gender 
Males 
Females 

 
46 (43.3) 
60 (56.7) 

 
54 (40.9) 
78 (59.1) 

0.6993 

Status 
Smoker 
Non-smoker

 
36 (33.6) 

70 (66.03) 

 
35 
97 

0.2129 

PCR–RFLP analysis revealed the existence of the 
three genotypes of +35A/C polymorphism. The presen-
ce of the 35C-mutant allele lead to the appearance of a 
situs of restriction for HhaI enzyme in the amplicon, 
this one being split into two fragments of 71 bp and  
206 bp, respectively. The presence of 35A-allele (wt) 
does not lead to the appearance of the restriction situs, 
the amplicon remaining at a size of 277 bp (Figure 1). 

 
Figure 1 – The result of the electrophoresis in 8% 
polyacrylamide gel and argental coloring for +35A/C 
polymorphism (line 1 – CC-genotype; lines 2 and 3 – 
AA-genotype; lines 4 and 5 – AC-genotype; line 6 – 
Weight DNA Marker). 



Association of +35A/C (intron3/exon3) polymorphism in SOD1-gene with diabetic nephropathy in type 1 diabetes 

 

39

When analyzing the Hardy–Weinberg equilibrium 
we noticed that there is no significant deviation 
(p=0.894) from the equilibrium, in both group B – 

patients with type 1 diabetes without diabetic nephro-
pathy, and group A – patients with type 1 diabetes and 
advanced diabetic nephropathy (p=03229) (Table 3). 

Table 3 – Distribution of +35A/C genotypes, allelic frequency, inbreeding coefficient and testing for deviation from 
Hardy–Weinberg equilibrium 
Data 

 

Genotype 
Number of genotypes 
obtained in the study 

Number of genotypes 
expected in the study 

Genotype frequency 
in the study (%) 

Frequency of  
C-allele (±SD) 

Inbreeding 
coefficient p 

Control group – type 1 diabetes, without diabetic nephropathy 
CC 0 0.02 0.0 
AC 3 2.97 2.27 
AA 128 128.02 96.96 

0.01 
(±0.007) 0.011 0.894 

Group with nephropathy – type 1 diabetes and diabetic nephropathy 
CC 1 0.34 0.94 
AC 10 11.32 9.43 
AA 95 94.34 89.62 

0.06 
(±0.017) 0.116 0.229 

 
The inbreeding coefficients (0.011 and 0.116) were 

low within the two groups, an additional argument to 
validate our groups. The genotype distribution (Table 4) 
shows that AA-genotype is the most frequent in the 
studied population, but the frequency is higher in group 
B – control without diabetic nephropathy (96.96% vs. 
89.62%). AC genotype is more frequent in group A – 
patients with diabetic nephropathy (9.43%) in compa-
rison with the control group (2.27%). As for AA-geno-

type, it was found only in a patient from the group with 
diabetic nephropathy. The frequency of C-mutant allele 
was different in the two groups, being higher in the 
group with diabetic nephropathy (0.06 vs. 0.01). As the 
difference between the allelic frequencies, at the asso-
ciation test, also shows, C-allele seems to confer risk in 
developing advanced diabetic nephropathy (OR=5.180, 
95% C.I.=1.442–18.603), and A-allele seems to be pro-
tective (OR=0.193, 95% C.I.=0.054–0.693) (Table 4). 

Table 4 – The results of the association test of +35A/C polymorphism in SOD1 gene with diabetic nephropathy in 
type 1 diabetes 
 Difference of allelic frequency Heterozygosity Homozygosity Allelic positivity Odds Ratio corrected
 A-risk allele 
 [C]<->[A] [CC]<->[CA] [CC+]<->[AA] [CC]<->[CA+AA]  

OR 0.193 1.000 0.248 0.267 0.335 
95% C.I. 0.054–0.693 0.033–30.618 0.010–6.148 0.011–6.632  

χ2 7.80 0.29 1.34 1.24 7.06 
p 0.00524 0.58786 0.24716 0.26526 0.00790 
 C-risk allele 
 [A]<->[C] [AA]<->[CA] [AA]<->[CC] [CC+CA]<->[AA]  

OR 5.180 4.491 4.037 4.940 6.561 
95% C.I. 1.442–18.603 1.203–16.766 0.163–100.179 1.341–18.198 7.06 

χ2 7.80 5.86 1.34 6.89  
p 0.00524 0.01549 0.24716 0.00865 0.00790 

Note: 35A risk allele–35C allele is considered reference (OR=1) and vice versa. Odds Ratio corrected – after the application of Cochran–Armitage test 
to establish the trend. 
 

Because of the small number of homozygotes,  
a correction was made the through Cochran–Armitage 
test, in order to increase the test sensitivity of χ2. After 
this statistical test, the corrected value of ORcorrectedA is 
0.335 (p=0.007), and of ORcorrectedC is 6.561 (p=0.007), 
which emphasizes the association of C-mutant allele, 
+35A/C (rs2234694) polymorphism in SOD1-gene with 
the advanced stages of diabetic nephropathy. 

 Discussion 

Our results show the association of C-allele of 
rs2234694 polymorphism with advanced stages of 
diabetic nephropathy in patients with type 1 diabetes in 
Romania. The observation of Hardy–Weinberg equi-
librium, for both groups and the small enough in-
breeding coefficient constitute an additional reason to 
validate our groups. The significant difference of allelic 

frequencies at Cochran–Armitage test reveals that these 
results are probably reproducible in a large size study 
within the same population. 

This is not the first study to investigate the associa-
tion of +35A/C (rs2234694) polymorphism in SOD1-
gene with diabetic nephropathy in type 1 diabetes.  
A previous similar study assessed rs17880753 polymor-
phism, which considered it identical with rs2234694 
polymorphism [24] studied by us, and has not found its 
association with diabetic nephropathy – microalbumin-
uric stage (OR=1.23, 95% C.I.=0.79–1.91; p=0.37) or 
with the severe nephropathy stage (OR=0.75, 95% 
C.I.=0.33–1.68; p=0.49), in patients within the DCCT/ 
EDIC-study. This polymorphism was studied in dia-
betes mellitus, irrespective of the type of diabetes, and no 
association with microvascular complications was found, 
but the polymorphism was associated with macro-
vascular complications in the Czech population [25]. 
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Our results revealed an association of this poly-
morphism with advanced stages of diabetic nephropathy 
(ORcorrectedC=6.561; p=0.007), in patients with type 1 
diabetes in Romania. Our study does not contradict the 
results of Al-Kateb H et al. [24] or Flekac M et al. [25], 
but some differences of susceptibility may exist depen-
ding on the studied population, fact that is encountered 
in other studies. Furthermore, as we have shown in the 
introduction, Flekac M et al. [25] found a decrease in 
SOD1-activity in patients with CC-genotype, which 
may be a possible argument in favor of the functional 
intervention of this polymorphism in diabetic compli-
cations, fact that is confirmed by the same author for the 
macrovascular complications. 

There are many possible mechanisms through which 
this polymorphism, with its action over the SOD1-
activity, may exercise its functional effects for the 
appearance of diabetic nephropathy in patients with 
type 1 diabetes: the impossibility of increasing SOD1-
activity and expression as a response to NO, the defense 
against endothelial dysfunction, intervention on apop-
tosis, anti-hypertensive and anti-fibrotic protection, in-
sulin resistance, diminished protection due to the low 
birth weight. The decoupling of eNOS and iNOS 
activation and the production of large quantities of NO 
lead to Cu/Zn SOD-activation in mesangial cells in 
order to compensate an endothelial dysfunction [31]. 
This fact is also confirmed by the increase of SOD1-
levels in patients with ESRD where the endothelial 
dysfunction is marked [32]. In addition, the circulant 
levels of Cu/Zn SOD in adolescents with type 1 diabetes 
seem to be protective against endothelial dysfunction, 
the low SOD1-levels being a susceptibility marker for 
diabetic vascular complications [33]. Tubular cell and 
podocyte apoptosis is an early event in diabetic nephro-
pathy, and the simultaneous release of SOD1 and cyto-
chrome C regulates the mitochondrial apoptosis [34]. 
Hypertension and the rennin–angiotensin system are  
key factors in diabetic nephropathy, closely related to 
SOD1-levels [35]. The fibrosis mediated by TGF-β is 
the corner-stone of glomerulosclerosis in diabetic 
nephropathy, and SOD1 is a strong antifibrotic agent, 
lowering the TGF-β1-expression [36]. The insulin resis-
tance is increased in patients with nephropathy, [37, 38] 
in inverse ratio to GFR-decrease (glomerular filtration 
rate) [39] and seems to be the most important predictor 
for development of diabetic nephropathy [40–42],  
as early as the diagnosis of patients with type 1 diabetes. 
Insulin resistance is also related to SOD1, this preven-
ting up to 50% of the reduction of intra cell picking-up 
of glucose stimulated by insulin [43]. Low birth weight 
is a risk factor largely discussed in diabetic nephropathy 
within type 1 diabetes [44]. A possible mechanism 
through which low birth weight exercises its effects is 
the low expression of Cu/Zn SOD in these children, 
which make them susceptible to oxidative stress [45].  
It is hard to guess the mechanism through which the 
decreased SOD1-expression and activity leads to the 
development of nephropathy, but our results suggest 
that this polymorphism with functional role in anti-
oxidant defense is associated with diabetic nephropathy. 

The previous studies did not show any effect of gen-

der or age on SOD1-activity [25], but there is a modi-
fying factor of SOD1-gene expression – light exercise, 
which increases the SOD1-expression on animal models 
[29, 30]. This is also a limitation of the study, which has 
no data about physical exercise of enrolled patients. 

 Conclusions 

This study shows the association of C-mutant allele 
of rs2234694 polymorphism in SOD1-gene with 
advanced stages of diabetic nephropathy in patients  
with type 1 diabetes in Romania, suggesting the invol-
vement of defense against oxidative stress as an impor-
tant link in the pathogeny of diabetic nephropathy. 

Acknowledgements 
This study was supported by CNCSIS–PNCDI II – 

RU – TD – No. 66/2007 and PNCDI II – RU – ID – 
No. 1194/2009 Grants. 

References 
[1] FORBES JM, COUGHLAN MT, COOPER ME, Oxidative stress 

as a major culprit in kidney disease in diabetes, Diabetes, 
2008, 57(6):1446–1454. 

[2] JOHANSEN JS, HARRIS AK, RYCHLY DJ, ERGUL A, Oxidative 
stress and the use of antioxidants in diabetes: linking basic 
science to clinical practice, Cardiovasc Diabetol, 2005, 4(1):5. 

[3] LAL MA, BRISMAR H, EKLÖF AC, APERIA A, Role of oxidative 
stress in advanced glycation end product-induced mesangi-
al cell activation, Kidney Int, 2002, 61(6):2006–2014. 

[4] TAN AL, FORBES JM, COOPER ME, AGE, RAGE, and ROS in 
diabetic nephropathy, Semin Nephrol, 2007, 27(2):130–143. 

[5] HAMMES HP, Pathophysiological mechanisms of  
diabetic angiopathy, J Diabetes Complications, 2003,  
17(2 Suppl):16–19. 

[6] NISHIKAWA T, ARAKI E, Impact of mitochondrial ROS pro-
duction in the pathogenesis of diabetes mellitus and its 
complications, Antioxid Redox Signal, 2007, 9(3):343–353. 

[7] HA H, YU MR, CHOI YJ, KITAMURA M, LEE HB, Role of high 
glucose-induced nuclear factor-kB activation in monocyte 
chemoattractant protein-1 expression by mesangial cells,  
J Am Soc Nephrol, 2002, 13(4):894–902. 

[8] AYO SH, RADNIK RA, GARONI JA, GLASS WF 2nd,  
KREISBERG JI, High glucose causes an increase in extra-
cellular matrix proteins in cultured mesangial cell, Am J 
Pathol, 1990, 136(6):1339–1348. 

[9] BAGBY SP, Diabetic nephropathy and proximal tubule  
ROS: challenging our glomerulocentricity, Kidney Int, 2007, 
71(12):1199–1202. 

[10] SUSZTAK K, RAFF AC, SCHIFFER M, BÖTTINGER EP, Glucose-
induced reactive oxygen species cause apoptosis of 
podocytes and podocyte depletion at the onset of diabetic 
nephropathy, Diabetes, 2006, 55(1):225–233. 

[11] BROWNLEE M, Biochemistry and molecular cell biology of 
diabetic complications, Nature, 2001, 414(6865):813–820. 

[12] NISHIKAWA T, EDELSTEIN D, DU XL, YAMAGISHI S, 
MATSUMURA T, KANEDA Y, YOREK MA, BEEBE D,  
OATES PJ, HAMMES HP, GIARDINO I, BROWNLEE M, 
Normalizing mitochondrial superoxide production blocks 
three pathways of hyperglycaemic damage, Nature, 2000, 
404(6779):787–790. 

[13] ***, http://beta.uniprot.org/uniprot/P00441, accessed Sept. 
2009. 

[14] MARCHLER-BAUER A, ANDERSON JB, DERBYSHIRE MK, 
DEWEESE-SCOTT C, GONZALES NR, GWADZ M, HAO L, HE S, 
HURWITZ DI, JACKSON JD, KE Z, KRYLOV D, LANCZYCKI CJ, 
LIEBERT CA, LIU C, LU F, LU S, MARCHLER GH, 
MULLOKANDOV M, SONG JS, THANKI N, YAMASHITA RA,  
YIN JJ, ZHANG D, BRYANT SH, CDD: a conserved domain 
database for interactive domain family analysis, Nucleic 
Acids Res, 2007, 35(Database issue):D237–D240. 

[15] FARACI FM, DIDION SP, Vascular protection: superoxide 
dismutase isoforms in the vessel wall, Arterioscler Thromb 
Vasc Biol, 2004, 24(8):1367–1373. 



Association of +35A/C (intron3/exon3) polymorphism in SOD1-gene with diabetic nephropathy in type 1 diabetes 

 

41
[16] FUKAI T, GALIS ZS, MENG XP, PARTHASARATHY S,  

HARRISON DG, Vascular expression of extracellular super-
oxide dismutase in atherosclerosis, J Clin Invest, 1998, 
101(10):2101–2111. 

[17] FUJITA H, FUJISHIMA H, CHIDA S, TAKAHASHI K, QI Z, 
KANETSUNA Y, BREYER MD, HARRIS RC, YAMADA Y, 
TAKAHASHI T, Reduction of renal superoxide dismutase in 
progressive diabetic nephropathy, J Am Soc Nephrol, 2009, 
20(6):1303–1313. 

[18] DERUBERTIS FR, CRAVEN PA, MELHEM MF, Acceleration  
of diabetic renal injury in the superoxide dismutase 
knockout mouse: effects of tempol, Metabolism, 2007, 
56(9):1256–1264. 

[19] SEAQUIST ER, GOETZ FC, RICH S, BARBOSA J, Familial 
clustering of diabetic kidney disease. Evidence for genetic 
susceptibility to diabetic nephropathy, N Engl J Med, 1989, 
320(18):1161–1165. 

[20] BORCH-JOHNSEN K, NØRGAARD K, HOMMEL E, MATHIESEN ER, 
JENSEN JS, DECKERT T, PARVING HH, Is diabetic 
nephropathy an inherited complication?, Kidney Int, 1992, 
41(4):719–722. 

[21] QUINN M, ANGELICO MC, WARRAM JH, KROLEWSKI AS, 
Familial factors determine the development of diabetic 
nephropathy in patients with IDDM, Diabetologia, 1996, 
39(8):940–945. 

[22] KARTER AJ, FERRARA A, LIU JY, MOFFET HH, ACKERSON LM, 
SELBY JV, Ethnic disparities in diabetic complications in an 
insured population, JAMA, 2002, 287(19):2519–2527. 

[23] ***, http://genatlas.medecine.univ-paris5.fr/, accessed Sept. 
2009. 

[24] AL-KATEB H, BORIGHT AP, MIREA L, XIE X, SUTRADHAR R, 
MOWJOODI A, BHARAJ B, LIU M, BUCKSA JM, ARENDS VL, 
STEFFES MW, CLEARY PA, SUN W, LACHIN JM, THORNER PS, 
HO M, MCKNIGHT AJ, MAXWELL AP, SAVAGE DA, KIDD KK, 
KIDD JR, SPEED WC, ORCHARD TJ, MILLER RG, SUN L,  
BULL SB, PATERSON AD; DIABETES CONTROL AND COMPLI-
CATIONS TRIAL/EPIDEMIOLOGY OF DIABETES INTERVENTIONS 
AND COMPLICATIONS GENETICS STUDY, Multiple superoxide 
dismutase 1/splicing factor serine alanine 15 variants are 
associated with the development and progression of dia-
betic nephropathy: The Diabetes Control and Complications 
Trial/Epidemiology of Diabetes Interventions and Complica-
tions Genetics study, Diabetes, 2008, 57(1):218–228. 

[25] FLEKAC M, SKRHA J, HILGERTOVA J, LACINOVA Z, 
JAROLIMKOVA M, Gene polymorphisms of superoxide dismu-
tases and catalase in diabetes mellitus, BMC Med Genet, 
2008, 9:30. 

[26] YOUNG RP, HOPKINS R, BLACK PN, EDDY C, WU L,  
GAMBLE GD, MILLS GD, GARRETT JE, EATON TE, REES MI, 
Functional variants of antioxidant genes in smokers with 
COPD and in those with normal lung function, Thorax, 
2006, 61(5):394–399. 

[27] ARMITAGE P, Tests for linear trends in proportions and 
frequencies, Biometrics, 1955, 11(3):375–386. 

[28] SASIENI PD, From genotypes to genes: doubling the sample 
size, Biometrics, 1997, 53(4):1253–1261. 

[29] MOIEN-AFSHARI F, GHOSH S, ELMI S, RAHMAN MM,  
SALLAM N, KHAZAEI M, KIEFFER TJ, BROWNSEY RW, LAHER I, 
Exercise restores endothelial function independently of 
weight loss or hyperglycaemic status in db/db mice, 
Diabetologia, 2008, 51(7):1327–1337. 

[30] DE MORAES C, DAVEL AP, ROSSONI LV, ANTUNES E, 
ZANESCO A, Exercise training improves relaxation response 
and SOD-1 expression in aortic and mesenteric rings from 
high caloric diet-fed rats, BMC Physiol, 2008, 8:12. 

[31] FRANK S, ZACHAROWSKI K, WRAY GM, THIEMERMANN C, 
PFEILSCHIFTER J, Identification of copper/zinc superoxide 
dismutase as a novel nitric oxide-regulated gene in rat 
glomerular mesangial cells and kidneys of endotoxemic 
rats, FASEB J, 1999, 13(8):869–882. 

[32] PAWLAK K, PAWLAK D, MYSLIWIEC M, Cu/Zn superoxide 
dismutase plasma levels as a new useful clinical biomarker 
of oxidative stress in patients with end-stage renal disease, 
Clin Biochem, 2005, 38(8):700–705. 

[33] SUYS B, DE BEECK LO, ROOMAN R, KRANSFELD S, HEUTEN H, 
GOOVAERTS I, VRINTS C, DE WOLF D, MATTHYS D, MANUEL-Y-
KEENOY B, Impact of oxidative stress on the endothelial 
dysfunction of children and adolescents with type 1 
diabetes mellitus: protection by superoxide dismutase?, 
Pediatr Res, 2007, 62(4):456–461. 

[34] LI Q, SATO EF, ZHU X, INOUE M, A simultaneous release of 
SOD1 with cytochrome c regulates mitochondria-dependent 
apoptosis, Mol Cell Biochem, 2009, 322(1–2):151–159. 

[35] TANG Z, SHOU I, WANG LN, FUKUI M, TOMINO Y, Effects of 
antihypertensive drugs or glycemic control on antioxidant 
enzyme activities in spontaneously hypertensive rats with 
diabetes, Nephron, 1997, 76(3):323–330. 

[36] VOZENIN-BROTONS MC, SIVAN V, GAULT N, RENARD C, 
GEFFROTIN C, DELANIAN S, LEFAIX JL, MARTIN M, Antifibrotic 
action of Cu/Zn SOD is mediated by TGF-beta1 repression 
and phenotypic reversion of myofibroblasts, Free Radic Biol 
Med, 2001, 30(1):30–42. 

[37] YIP J, MATTOCK MB, MOROCUTTI A, SETHI M, TREVISAN R, 
VIBERTI G, Insulin resistance in insulin-dependent  
diabetic patients with microalbuminuria, Lancet, 1993, 
342(8876):883–887. 

[38] TREVISAN R, BRUTTOMESSO D, VEDOVATO M, BROCCO S, 
PIANTA A, MAZZON C, GIRARDI C, JORI E, SEMPLICINI A, 
TIENGO A, DEL PRATO S, Enhanced responsiveness of blood 
pressure to sodium intake and to angiotensin II is 
associated with insulin resistance in IDDM patients with 
microalbuminuria, Diabetes, 1998, 47(8):1347–1353. 

[39] THORN LM, FORSBLOM C, FAGERUDD J, THOMAS MC, 
PETTERSSON-FERNHOLM K, SARAHEIMO M, WADÉN J, 
RÖNNBACK M, ROSENGÅRD-BÄRLUND M, BJÖRKESTEN CG, 
TASKINEN MR, GROOP PH; FINNDIANE STUDY GROUP, 
Metabolic syndrome in type 1 diabetes: association with 
diabetic nephropathy and glycemic control (the FinnDiane 
study), Diabetes Care, 2005, 28(8):2019–2024. 

[40] PAMBIANCO G, COSTACOU T, ORCHARD TJ, The prediction of 
major outcomes of type 1 diabetes: a 12-year prospective 
evaluation of three separate definitions of the metabolic 
syndrome and their components and estimated glucose 
disposal rate: the Pittsburgh Epidemiology of Diabetes 
Complications Study experience, Diabetes Care, 2007, 
30(5):1248–1254. 

[41] KILPATRICK ES, RIGBY AS, ATKIN SL, Insulin resistance, the 
metabolic syndrome, and complication risk in type 1 
diabetes: “double diabetes” in the Diabetes Control and 
Complications Trial, Diabetes Care, 2007, 30(3):707–712. 

[42] ORCHARD TJ, CHANG YF, FERRELL RE, PETRO N, ELLIS DE, 
Nephropathy in type 1 diabetes: a manifestation of insulin 
resistance and multiple genetic susceptibilities? Further 
evidence from the Pittsburgh Epidemiology of Diabetes 
Complication Study, Kidney Int, 2002, 62(3):963–970. 

[43] HOUSTIS N, ROSEN ED, LANDER ES, Reactive oxygen 
species have a causal role in multiple forms of insulin 
resistance, Nature, 2006, 440(7086):944–948. 

[44] PANDURU MN, MOŢA M, MOŢA E, POPA SG, DINU R, The role 
of adult height, perinatal and familial factors in determining 
the risk of diabetic kidney disease, Infomedica, 2009, 
1(147):7–11. 

[45] PHYLACTOS AC, LEAF AA, COSTELOE K, CRAWFORD MA, 
Erythrocyte cupric/zinc superoxide dismutase exhibits 
reduced activity in preterm and low-birthweight infants at 
birth, Acta Paediatr, 1995, 84(12):1421–1425. 
 
 
 

 
Corresponding author 
Nicolae Mircea Panduru, MD, “Nicolae C. Paulescu” National Institute for Diabetes Nutrition and Metabolic 
Diseases, 2nd Diabetes Clinic, 5–7 Ion Movilă Street, 020475 Bucharest, Romania; Phone +4031–419 96 93,  
Fax +4031–419 99 18, e-mail: nicoly_pmn@yahoo.com 

Received: October 5th, 2009       Accepted: February 15th, 2010 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




