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Summary

Advanced glycation end-products (AGEs) are key players in
pathogenesis of long-term vascular diabetes complications.
Several enzymes such as fructosamine 3-kinase (FN3K) and
glyoxalase I (GLO I) are crucial in preventing glycation processes.
The aim of our study was to evaluate an association of FN3K
(rs1056534, rs3848403) and GLO! rs4746 polymorphisms with
parameters of endothelial dysfunction and soluble receptor for
AGEs (sRAGE)
Genotypic and allelic frequencies of mentioned polymorphisms

in 595 diabetic and non-diabetic subjects.

did not differ between subgroups. In diabetic patients significant
differences were observed in sSRAGE concentrations according to
their rs1056534 and rs3848403 genotype. While GG and CG
genotypes of rs1056534 with mutated G allele were associated
with significant decrease of SsRAGE (GG: 1055+458 and
CG: 983+363 vs. CC: 1796+987 ng/l, p<0.0001), in rs3848403
polymorphism TT genotype with mutated T allele was related
with significant sRAGE increase (TT: 1365+852 vs. CT:
1016+401 and CC: 1087+508 ng/l, p=0.05).
differences in adhesion molecules were observed in genotype

Significant

subgroups of GLOI rs4746 polymorphism. In conclusion, this is
the first study describing significant relationship of FNV3K
(rs1056534) and (rs3848403) polymorphisms with concentration
of sRAGE in patients with diabetes.
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Introduction

Advanced glycation end-products (AGEs) are
key players in the pathogenesis of long-term vascular
complications in patients with diabetes (Brownlee 2005,
Genuth et al. 2005, Vlassara and Striker 2013). AGEs
originate by non-enzymatic glycation of proteins, forming
cross-links with collagen and other proteins, resulting in
decreased vessel elasticity (Zieman et al. 2007). One of
the most potent precursor is methylglyoxal (MG), which
causes irreversible effects on protein structure and
function (Silva et al. 2013). Another important precursor
for excessive glycation is fructosamine (Popova et al.
2010). Apart from endogenously produced AGEs, the
human body is also exposed to oral AGEs in food, which
also further promotes insulin resistance and diabetes
development (Cai et al. 2012). In this respect, deglycation
processes are essential for deceleration of vascular
damage progression. Two enzymatic systems rank among
the most important protective factors — fructosamine
3-kinase and glyoxalase system.

Fructosamine 3-kinase (FN3K) is an intracellular
enzyme responsible for deglycation of proteins. Higher
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expression of this enzyme was observed in increased-
glycation-prone tissues, such as heart, nerves and kidneys
(Mohas et al. 2010). Phosphorylation of fructosamine by
FN3K leads to production of unstable fructosamine
which further
3-deoxyglucosone and phosphate, leading to deglycation

3-phosphate, decomposes to
of proteins (Delpierre and Van Schaftingen 2003). On the
other hand, 3-deoxyglucosone is a potent precursor for
AGEs formation, elevated in diabetic patients with
microangiopathy (Kusunoki et al. 2003). The gene for
FN3K is located on chromosome 17q25. So far, various
polymorphisms of the gene have been described, some of
them having impact on FN3K activity in human
erythrocytes (Delpierre ef al. 20006).

Glyoxalase | catalyzes acyclic alpha-
oxoaldehydes conversion to hydroxyacylglutathione
derivatives and thus prevents glycation reactions

mediated by methylglyoxal, glyoxal and other alpha-
oxoaldehydes. Decreased glyoxalase I activity caused by
aging and oxidative stress results in increased glycation
and tissue damage (Song and Schmidt 2012). Moreover,
glyoxalase I deficiency is associated with an unusual
level of advanced glycation end products in
2001), while
diabetic

nephropathy in nondiabetic mice (Giacco et al. 2014).

a hemodialysis patient (Miyata et al
knockdown of glyoxalasel even mimics
The gene encoding GLO 1 is located on chromosome
6p21.2. Several polymorphisms of GLOI were studied,
most of the data describing GLO! rs4746 polymorphism,
where wild type A allele is substituted by mutated
C allele. Such polymorphism is associated with reduced
activity of the enzyme, accumulation of its substrate
methylglyoxal and elevation of RAGE in patients with
autism (Barua et al. 2011). Similarly, GLOI rs4746
polymorphism was associated with elevated sRAGE
levels in hemodialysis patients (Kalousova et al. 2008).

Higher concentration of different AGEs leads to
increased binding to receptor for AGEs (RAGE) with
subsequent acceleration of chronic inflammation
performed by enhanced expression of genes for growth
factors or cytokines (IFNy, PDGF, TNFa, IL-1) and
adhesion molecules (ICAM-1, VCAM-1, P-selectin,
E-selectin). The involvement of RAGE and soluble
RAGE (sRAGE) in the pathophysiology of diabetes
angiopathy has been reported previously (Yan et al. 2007,
Lindsey ef al. 2009, Skrha et al. 2012).

The aim of our study was to investigate
polymorphisms of genes encoding important enzymes

involved in the deglycation systems (FN3K rs3848403,

FN3K 151056534 and GLOI 1s4746) and their
relationship to the development of chronic micro- and
macrovascular damage in diabetes. Since the involvement
of RAGE activation and endothelial dysfunction in the
development of diabetic vascular damage seems to be of
great importance (Roberts and Porter 2013), we also
analyzed concentrations of SRAGE and markers of
endothelial dysfunction in our patients.

Patients and Methods

Subjects

A total of 595 Caucasian subjects were enrolled
in this study (311 men and 284 women), from those 126
healthy controls, 129 patients with Type 1 diabetes
(T1DM) and 340 patients with Type 2 diabetes (T2DM).
Their characteristics are shown in Table 1. All patients
with severe hypertension, neurodegenerative disorders,
which
laboratory  variables,

known malignancy, or infections, could

significantly influence were
excluded from the study. The incidence of known
microvascular and macrovascular complications among
the subjects and basic pharmacological treatment of the
patients is presented in Table 2.

The study was performed in accordance with
principles of the Declaration of Helsinki and was
approved by local Ethics Committee of the General
University Hospital and First Faculty of Medicine. All
examined persons gave informed consent prior to being

enrolled into the study.

Biochemical methods

Fasting blood samples were collected between
7.00 and 8.00 AM from the cubital vein. Routine
in fresh
samples, whereas special biochemical analyses were done

biochemical parameters were determined
in serum frozen at —80 °C until the assay measurement.

Routine  biochemical parameters including urea,

creatinine,  transaminases, alkaline  phosphatase,
v-glutamyltransferase, total cholesterol, and triglycerides
were determined in central laboratory on Modular Roche
analyzer. Fasting plasma glucose was determined by
glucose oxidase method on glucose analyzer Super
GLAmbulance (Dr. Miiller Gerétebau, Freital, Germany);
glycated hemoglobin HbA,. was measured by HPLC on
Variant II (Biorad, France) and expressed according to
IFCC (normal values are 28-40 mmol/mol). Albuminuria
was determined after exclusion of urinary infection by

radioimmunoassay using commercial kits (Immunotech,
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Czech Republic) and urinary albumin/creatinine ratio
(ACR) was calculated. Presence of nephropathy was
characterized by positive (micro)albuminuria, which
was recognized by albumin/creatinine ratio >3 g/mol
creatinine. Logarithmically transformed data were used
for further analysis, because lognormal distribution of the
values was found. Renal functions were evaluated by
estimated glomerular filtration rate (¢GFR) calculated by
MDRD formula (Levey et al. 1999).

In 126 subjects (50 T1DM, 52 T2DM and
24 healthy controls; serum of other subjects was no more
available) analysis of SRAGE and markers of endothelial
activation was performed. Serum concentration of soluble
RAGE was measured according to the manufacturer’s
sandwich ELISA (Quantikine, RD
Systems, Minneapolis, MN, USA). In this assay, the plate

protocol using

is coated with a monoclonal antibody against RAGE
while a polyclonal antibody is used for detection. This
assay measures both C-truncated RAGE that has been
cleaved from the cell surface, and esRAGE as well
(Yonekura et al. 2003). Endothelial dysfunction was
evaluated by serum concentrations of specific markers,
such as adhesion molecules (ICAM, VCAM, E-selectin,
and P-selectin) and vWF. Cell adhesion molecules
Human sP-selectin/CD62P, Human sE-selectin/CD62E,
Human sICAM-1/CD54, and Human sVCAM-1 were
estimated by ELISA kits manufactured by RD System
Europe (Abingdon, UK), von Willebrand factor (vWF)
was determined by Corgenix (Broomfield, USA).

Molecular genotyping

For DNA analysis blood was collected into
EDTA-tubes,
isolation. Genomic DNA was prepared from leukocytes

centrifuged and stored at 4 °C until

by sodium dodecylsulphate (SDS) lysis by ammonium
acetate extraction and ethanol precipitation. Isolated
DNA was stored at 4 °C.

FN3K polymorphisms

Two SNPs of FN3K gene were studied for their
potential functional effect on enzyme activity (rs1056534
(Ser300Ser, S300S) and rs3848403 (C/T intron variant).
DNA analysis was performed using RealTime PCR and
Tagman genotyping method for allelic discrimination.
For quality control, the subjects were distributed
randomly across the plates. Negative controls (Universal-
mixture blanks) were included onto each plate. The

genotyping success rate was 95 % (range 91 to 98 %).

GLOI polymorphism

The GLOI 154746 (GlulllAla, A419C)
polymorphism of the glyoxalase I gene was determined
by PCR-RFLP method as described in detail previously
2009).
restriction

(Kalousova et al. 2008, Germanova et al.
Restriction analysis was performed by
nuclease BsmAlI overnight at 37 °C. Fragments of 143 bp
and 60 bp for wild type allele 419A and 203 bp for

mutated allele 419C were produced after digestion.

Statistical analysis
Results
expressed as mean =+ standard deviation (SD) or as

of biochemical parameters were
median (interquartile range). Differences between the
groups were analyzed by one-way analysis of variance
(ANOVA) followed by post-hoc test analysis. The allelic
frequencies for each polymorphism were calculated in all
groups. y° test was used to compare the qualitative data.
Moreover, Hardy-Weinberg equilibrium (HWE) within
the groups was estimated by * test as well. Results were
considered statistically significant for p-values <0.05.

Results

Clinical characteristics of 595 subjects enrolled
within this study are shown in Table 1. Diabetes control
did not differ significantly between patients with TIDM
and T2DM (FPG: 8.7£3.6 vs. 8.7£3.3 mmol/l, ns; HbA.:
69+14 vs. 64+£21 mmol/mol, ns), although the duration of
the disease was longer in TIDM (16 vs. 11 years,
p<0.001).
macrovascular complications in patients with diabetes is

Incidence of both microvascular and
shown in Table 2, as well as the usage of antidiabetic,
antihypertensive and hypolipidemic drugs.

In both patients with T1IDM, T2DM and controls
frequencies of FN3K and GLOI
followed the
according to Hardy-Weinberg equilibrium (HWE). We

the genotype
polymorphisms expected frequencies
did not find any significant differences of genotype and
allelic frequencies of FN3K (rs1056534), FN3K
(rs3848403) and GLO! (rs4746) polymorphisms within
the studied groups (Table 3). Similarly, we did not
observe differences of genotype and allelic frequencies in
studied polymorphisms among patients with or without
developed microvascular (nephropathy, neuropathy,
retinopathy) and macrovascular (ischemic heart disease,
chronic limb ischemia, stroke) complications.
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Table 1. Basic clinical characteristics of studied subjects.

T1DM T2DM Controls
(n=129) (n=340) (n=126) ANOVA
Age (years) 46 (20-80) 63 (26-93) 45 (18-91) p<0.0001
Durati DM
uration of 16 (1-57) 11 (1-44) ;
(vears)
Sex (% males) 58 48 ns
BMI (kg/m?) 25.0+3.17 29.545.9¢ 25.4+4.8 p<0.005
SBP (mm Hg) 132+13 138+18 129+14 ns
DBP (mm Hg) 8110 79+11 7749 ns
Creatinine (umol/l) 83.2+38.4* 95.7+52.5 78.0£22.3 p<0.05
Cholesterol (mmol/l) 4.63+0.77 4.44+0.92 4.52+0.82 ns
Triglycerides . .
1.03+0.49 1.79+1.17 1.05+0.61 p<0.0001
(mmol/l)
FPG (mmol/l) 8.7+3.6° 8.7+3.3° 4.4+0.8 p<0.0001
HbA,. (mmol/mol, . c
69+14 64+21 37+13 p<0.0001
IFCC)
SRAGE (ng/l) 1083+420° 1119+619° 785314 p<0.05
Albumin/creatinine 1.22% 7.53° 0.48
p<0.0001
(g/mol) (0.1-22.5) (0.2-294.3) (0.1-1.8)

Results are means + SD, or means with 1 SD range, in DM duration median with ranges. One-way ANOVA was performed, with
p values in the last column of the table. Statistical significance expressed by LSD multiple comparison post-hoc test between DM and
control persons: ?p<0.05, ®p<0.01, p<0.001, and between T1DM and T2DM: *p<0.05, ¥p<0.01, ?p<0.001.

Table 2. Incidence of diabetic complications and frequency of antidiabetic/hypolipidemic/antihypertensive drugs usage.

T1DM T2DM Controls 2

(n=129) (n=340) (n=126) 1 test
Nephropathy (%) 27 41 16 p<0.0001
Retinopathy (%) 31 17 0 p<0.005
Neuropathy (%) 13 19 0 p<0.005
Ischemic heart disease (%) 5 26 2 p<0.0001
Chronic limb ischemia (%) 11 0 p<0.05
Stroke (%) 8 2 ns
Insulin (%) 100 55 0 p<0.0001
OAD (%) 5 80 0 p<0.0001
Statin (%) 25 62 20 p<0.001
ACEI/ARB (%) 41 76 29 p<0.001

Regarding biochemical parameters, significant
differences were observed in sSRAGE concentrations of
diabetic patients according to their FN3K (rs1056534)
and FN3K (rs3848403) genotype (Table 4). While GG
and CG genotypes of FN3K (rs1056534) polymorphism
with mutated G allele were associated with significant
decrease of sSRAGE concentration (GG: 1055+458 and
CG: 983+363 vs. CC: 17961987 ng/l; p<0.0001), in

FN3K (rs3848403) polymorphism TT genotype with
mutated T allele was related with significant sSRAGE
increase (TT: 1365+£852 vs. CT: 1016+401 and CC:
10874508 ng/l; p=0.05).

Significant differences in markers of endothelial
activation were observed in genotype subgroups of GLO!
(rs4746) polymorphism, while that was not seen in both
FN3K polymorphisms (Table 5).
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Table 3. Genotype and allelic frequencies in patients with T1DM, T2DM and controls.

T1DM

T2DM Controls

2
test
(1=129) (n=340) (n=126) X tes
C 36 34 40
Alleles (%
cles (0) G 64 66 60 ns
FN3K
(rs1056534) cC 15 13 20
Genotypes (%) GG 44 44 41 ns
CG 41 43 39
C 44 46 47
Alleles (%
s (%) T 56 54 53 ns
FN3K
(r53848403) cC 18 21 27
Genotypes (%) TT 29 30 32 ns
CT 53 49 41
C 46 49 48
Alleles (%
cles () A 54 51 52 ns
GLOI
(r54746) AA 32 28 32
Genotypes (%)  CC 24 27 28 ns
AC 44 45 41

Table 4. sRAGE concentration in diabetic patients and controls in
respect of their genotype.

SsRAGE Diabetes Controls
(ng/l) (n=102) (n=24)
CC 1796 + 987 370 £ 135
FN3K GG 1055 £ 458 953 £ 439
(rs1056534) CG 983 +363 811 £ 184
ANOVA p<0.0001 ns
CC 1087 £ 508 1265 + 254
FN3K TT 1365 + 852 643 + 128
(rs3848403) CT 1016 + 401 701 £ 266
ANOVA p=0.05 ns
AA 1164 + 601 853+ 115
GLOI CC 1035 + 579 645 £ 302
(rs4746) AC 1104 + 449 954 + 440
ANOVA ns ns

Discussion

This is the first study describing significant
relationship of FN3K (rs1056534) and (rs3848403)
polymorphisms with concentration of SRAGE in patients

with diabetes. While mutation in rs1056534 relates to
lower SRAGE, mutation in rs3848403 is associated with
higher sSRAGE. It is still controversial, how to interpret
the sRAGE level. Patients with expressed vascular
damage in diabetes have higher sSRAGE concentration
(El-Mesallamy et al. 2011). Similar results were also
observed in patients with decreased renal function
(Kalousova et al. 2006, Skrha et al. 2012). On the other
hand, sRAGE could be also a protective factor against
stress and endothelial dysfunction in
(Santilli et al. 2007).
inconsistent results regarding sRAGE as a marker of

oxidative
atherosclerosis There are
future chronic disease risk and mortality (Kalousova ef al.
2007, Selvin et al. 2013). One plausible explanation
suggests, that many studies did not distinguish total
sRAGE vs. esSRAGE components in the experiments, and
therefore there are such diverse results across the studies
(Daffu et al. 2013). In our study, the total pool of soluble
RAGE with Quantikine immunoassay was measured and
therefore we cannot discern whether the different variants
of SRAGE (C-truncated RAGE or esRAGE) have the
association to FN3K polymorphisms. However, strong
SRAGE and esRAGE in
hemodialysis patients (r=0.95, P<0.001) was reported
previously (Kalousova et al. 2007) and both sSRAGE and

correlation of chronic
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Table 5. Adhesion molecules concentration in patients with diabetes in respect of their GLOZ (rs4746) genotype.
GLOI T1DM (n=50) T2DM (n=52)
(rs4746) AA CcC AC ANOVA AA CccC AC ANOVA
ICAM (ug/l) 279 £ 65 223 +£47 213+£56  p<0.005 281 +57 271 +£102 274 £95 ns
VCAM (ug/l)  884+308 839+298 849 +237 ns 719 +£314 1219+426 927+296 p<0.01
P-selecti
setectin 114441 78433 85439  p<0.05 114+48 109446 110445  ns
(ug/l)
E-selectin
2911 24+ 13 32+13 ns 51+10 40+ 25 34+12 p<0.05
(ug/l)

esRAGE increase in oxidative stress (Piarulli ez al. 2013).

We observed significant differences in markers
of endothelial activation in genotype subgroups of GLOI
(rs4746) polymorphism in patients with diabetes. The
results are though uneasy to interpret, since patients with
mutated C allele had significantly reduced concentration
of ICAM and P-selectin in case of TIDM, and similarly
lower concentration of E-selectin in T2DM. On the other
hand, significant increase in VCAM concentration was
observed in the same genotypes of T2DM. To the best of
our knowledge, such data have not been published yet. It
is though plausible, that the concentrations of adhesion
molecules are apart from GLO! genotype dependent on
many other and dynamic factors, such as oxidative stress,
stage of vascular impairment and others (Urso and Caimi
2011, Ugurlu et al. 2013).

The absence of significant differences in
genotype and allelic frequencies of GLOI (rs4746)
polymorphism was reported previously in patients with
breast cancer (Germanova et al. 2009), but not in both
Type 1 and Type 2 diabetes. We confirmed lack of
significant differences in FN3K (rs1056534) and FN3K
(rs3848403) genotype and allelic frequencies in patients
with diabetes and healthy controls as reported previously
(Mosca et al. 2011). Moreover, we did not observe
differences of genotype and allelic frequencies in studied
polymorphisms among patients with/without diabetic
vascular complications. Similar results were presented in
the past (Engelen et al. 2009, Mohas et al 2010,
2014). On the other hand,
significantly higher prevalence of cardiovascular disease

Tanhduserova et al.

and peripheral vascular disease in CC genotype of GLO!
(rs4746) polymorphism in hemodialysis patients was
observed (Kalousova et al. 2008). Probably, there are also
other molecular mechanisms impacting gene expression
and activity of enzymes involved in deglycation systems,
since diabetes vascular disease is not straightforward

dependent on metabolic control (Rabbani and Thornalley
2011). Indeed, variations in copy number variants (CNV)
in GLOI gene are associated with differences in GLO I
expression and function (Williams et al. 2009).

There are some limitations of this study. Firstly,
the total number of subjects enrolled within the study is
not large enough for in-depth association analyses;
subjects with special
sRAGE and adhesion
molecules was even smaller. Finally, we did not
measured the activity of FN3K and GLO 1, since the
process described previously (Allen ef al. 1993, Delpierre

moreover the number of

biochemical assessment of

et al. 2006) was not easily practicable.

In conclusion, we demonstrate for the first time
the association of rs1056534 and rs3848403 of
fructosamine 3-kinase gene with SRAGE in patients with
diabetes. In the same cohort, we found significant
association of GLOI (rs4746) polymorphism with
markers of endothelial activation, although precise
explanation of such relation is uneasy to submit and

larger studies will be necessary for better understanding.
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