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Summary

Background: An increase in neopterin concentrations is
known in some pathologies due to interferon-gamma (INF-y)
activation. These include viral and bacterial infections,
autoimmune diseases, metabolic diseases, psychiatric dis-
orders, tissue and organ rejections, and different malignan-
cies. The aim of this study was to evaluate the role of
neopterin as a prognostic biomarker in type 2 diabetes,
which is a metabolic disease with a high worldwide preva-
lence.

Methods: The study included a total of one hundred thirty-
nine individuals including one hundred and six patients
admitted to a family medicine outpatient clinic and diag-
nosed with type 2 diabetes and thirty-three healthy volun-
teers. Serum neopterin concentrations were measured
using the enzyme-linked immunosorbent assay.

Results: Serum neopterin levels significantly increased in
type 2 diabetes patients, compared to the control group
(p<0.001).

Conclusions: Early diagnosis of diabetes and determination
of the appropriate therapeutic options are of utmost impor-
tance, as diabetes is also associated with other systemic
diseases. The risk of developing secondary diseases is high
in untreated patients. Our study results suggest that serum
neopterin may be a useful biomarker in patients with type
2 diabetes.
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Kratak sadrzaj

Uvod: Poznato je da u nekim patoloskim stanjima dolazi do
porasta koncentracija neopterina usled aktivacije interferona-
gama (INF-y). Ovde spadaju virusne i bakterijske infekcije,
autoimune bolesti, metabolicka oboljenja, psihijatrijski pore-
mecaiji, odbacivanje tkiva ili organa i razli¢iti maligniteti. Cilj
ove studije bio je da se odredi uloga neopterina kao prognos-
tickog biomarkera u tipu 2 dijabetesa, koji je metaboli¢ko
oboljenje sa visokom prevalencom Sirom sveta.

Metode: Studija je obuhvatila ukupno 139 osoba, medu koji-
ma 106 pacijenata primljenih u kliniku za porodi¢nu medi-
cinu kod kojih je dijagnostikovan tip 2 dijabetesa i 33 zdravih
dobrovoljaca. Koncentracije neopterina u serumu merene su
metodom ELISA.

Rezultati: Nivoi neopterina u serumu znacajno su porasli kod
obolelih od tipa 2 dijabetesa u poredenju s kontrolnom
grupom (p<0,001).

Zakljué¢ak: Rana dijagnoza i odredivanje odgovarajucih te-
rapijskih mogucnosti su od presudne vaznosti, posto je dija-
betes povezan i sa drugim sistemskim oboljenjima. Kod
nelecenih pacijenata postoji veliki rizik od razvoja sekun-
darnih bolesti. Rezultati nase studije ukazuju na to da neo-
pterin u serumu moze biti koristan biomarker kod obolelih od
tipa 2 dijabetesa.

Kljuéne reéi: tip 2 dijabetesa, metaboli¢ka oboljenja,
neopterin, aktivacija imunog sistema, interferon-gama
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Introduction

Globally, diabetes mellitus causes morbidity
and mortality and its prevalence is increasing every
year. According to the World Health Organization
(WHO), an estimated 422 million diabetic adults
were living with diabetes in 2014 worldwide. In addi-
tion, 2.2 million deaths due to high blood glucose
and 1.6 million deaths directly associated with dia-
betes have been reported (1, 2).

According to the American Diabetes Association
(ADA), diabetes can be classified into four subgroups
as type 1, type 2, gestational diabetes (primary dia-
betes), and secondary diabetes (3). Diabetes is a
metabolic disease characterized by hyperglycemia,
which results from defects in insulin secretion, insulin
resistance, or both (4).

In the vast majority of type 1 diabetic patients,
there is autoimmune beta-cell destruction, and
reduced insulin levels are observed due to this dam-
age in beta cells (5). In type 2 diabetes, which is the
most often diagnosed type and also referred to as
non-insulin dependent diabetes mellitus (NIDDM),
insulin secretion and insulin sensitivity of the target
tissues decrease (1, 4, 5). Thus, the risk of developing
type 2 diabetes is high in patients with impaired glu-
cose tolerance (IGT) and impaired fasting glycemia
(IFG) (1).

Genetic predisposition, environmental factors,
obesity, sedentary lifestyle, stress, polycystic ovary syn-
drome (PCOS), unhealthy eating habits and elderly
can be listed among the causes of type 2 diabetes (4,
5). In patients with type 2 diabetes, complications such
as polyuria, polydipsia, polyphagia and weight loss are
frequently observed in addition to hyperglycemia (3,
5). Uncontrolled hyperglycemia leads to severe dam-
age to almost all organs. Complications related to
hyperglycemia and diabetes include cardiovascular dis-
eases, diabetic retinopathy, nephropathy, neuropathy,
pulmonary defects, hepatic dysfunction, postoperative
infections, tuberculosis, and even death (5).

Neopterin is a pteridine derivative, which is pro-
duced from guanosine triphosphate (GTP) by activat-
ed monocytes, macrophages, dendritic cells and
endothelial cells. It is also produced in lesser amounts
by the IFN-y-stimulated renal epithelial cells, fibro-
blasts and vascular smooth muscle (6-8). Neopterin
levels have been shown to increase in conditions in
which inflammation plays a role in the pathogenesis,
as neopterin is an important indicator of monocyte
activation in the inflammatory response. Therefore,
studies have been conducted that investigate the role
of neopterin in the development of diabetes in addi-
tion to inflammatory markers and in diabetes-related
complications such as diabetic nephropathy and athero-
sclerosis (9-11).

In the present study, we aimed at evaluating the
changes in serum neopterin concentrations in type 2
diabetes and the possible relationship between the
levels of neopterin and diabetes.

Materials and Methods
Setting and patients

This retrospective study included a total of 139
individuals, among them 106 patients admitted to a
family medicine outpatient clinic and diagnosed with
type 2 diabetes and 33 healthy volunteers. The health
status of all individuals in the control group was ques-
tioned in detail. Those who did not take any medica-
tion for four months prior to the study and who did
not have any acute or chronic disease were included
in the control group. All participants were informed
about the study and written informed consent was
obtained. The study was approved by the local Ethics
Committee of Inonu University, Faculty of Medicine
and was conducted in accordance with the principles
of the Declaration of Helsinki.

All the participants in the study were questioned
about age, medication use, smoking habits, and alco-
hol use. Patient groups were identified according to
the diabetes diagnostic criteria of the ADA (12). A
diagnosis of diabetes was established if plasma glucose
levels were higher or equal to two of the following
four values: according to OGTT results, fasting 5.27
mmol/L, 1 hour 10 mmol/L, 2 hours 8.60 mmol/L
and 3 hours 7.77 mmol/L. Exclusion criteria were
type 1 diabetes, inflammatory diseases, malignancy,
metabolic diseases other than type 2 diabetes, kidney
diseases, any acute or chronic infection, medication
use, smoking, and other secondary systemic diseases
accompanying type 2 diabetes.

Neopterin measurement

Blood samples were collected in shaded tubes,
as neopterin is sensitive to light. Venous blood
samples were centrifuged at 3,000 rpm for 10 min at
4 °C and then separated into sera. Serum samples
were stored at —20 °C until analysis. No pretreatment
was applied to the stored serum samples. According
to the kit instruction, a sufficient amount of serum
sample was pipetted directly onto the plate after dis-
solution. Neopterin was measured using commercial-
ly available enzyme-linked immunosorbent assay
(ELISA) kits (DRG Diagnostics GmbH Marburg,
Germany) with a minimum detectable concentration
of 0.2 ng/mL. The normal working range of this assay
is between 0.3 and 3.0 ng/mL. Serum neopterin lev-
els were measured by ELISA according to the proce-
dures recommended by the manufacturer. Analysis of
neopterin by the ELISA method based on the compet-
itive binding of unknown amounts of neopterin in
serum samples and neopterin labeled with a constant
amount of enzyme, to neopterin-specific antibodies
immobilized on microtiter plates. After the washing
step, the chromogenic substrate was added and color
formation was observed. The enzymatic reaction (col-
or intensity) was inversely proportional to the amount
of neopterin in the sample. The reaction was ter-
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Figure 1 Neopterin concentrations in study groups.

minated by adding the reaction stopping solution.
The optical density was measured at 450 nm with a
microplate reader. All samples were examined twice.
Serum neopterin levels were expressed in nmol/L.

Statistical analysis

Statistical analysis was performed using the
Statistical.Package for Social Sciences 11.5 (SPSS)
programme (SPSS Inc., Chicago, IL). Descriptive data
were expressed in mean = standard error (SEM).
Non-parametric Mann-Whitney U test was used to
compare independent groups. Inter-parametric corre-
lations were analyzed using the Pearson correlation
test. A p value of < 0.05 was considered statistically
significant.

Results

There were 20 males and 13 females in the
patient group and 68 males and 38 females in the
control group. The mean age was 46.41+0.13 years
in the patient group and 50.21+0.32 in the control
group. Serum neopterin levels in healthy subjects
showed an age-related increase and a decrease in the
patient group, conversely. But, these correlations
were not statistically significant.

Immune system dysfunction was associated with
aging, and this age-related decrease in the patient
group was thought to be the result of changes in
immunomodulation.

The mean neopterin levels were 21.52+0.17
nmol/L in type 2 diabetes patients and 10.45=+
0.15 nmol/L in the control group (Figure 7). This dia-
betes-related increase was statistically significant
(p<0.00001). Diabetes was considered to lead to an
increase in serum neopterin levels by activating the
cellular immune system.

Discussion

Several studies have been conducted to investi-
gate the pathological effects of diabetes on almost
whole body physiology and to elucidate the different
pathways of diabetes pathogenesis. Recent studies
have shown that diabetes is associated with different
pathologies and induces a number of diseases as well
as the complications that it causes alone. Patients
with diabetes are more susceptible to a variety of se-
rious infections, and respiratory system complications
such as tuberculosis (13-15). The incidence of infec-
tion in diabetics is higher than in those without dia-
betes. Although it is not yet clear which pathogenic
mechanisms are responsible for this high risk of infec-
tion in diabetics, probable reasons include immune
defects, increased adhesion of microorganisms to
diabetic cells, the presence of micro/macroangiopa-
thy or neuropathy, and the presence of numerous
medical interventions in this group of patients (15).

Diabetes is defined as a risk factor for develop-
ment of nervous system disorders such as Alzheimer’s,
schizophrenia, heart diseases, stroke, and cardiovas-
cular disease (16-18). Based on all these studies, it
can be concluded that diabetes is a syndrome which
affects different body organs and leads to dysfunc-
tions. Functional dysfunction in the organs results in
diabetic morbidity, by significantly affecting the quali-
ty of life.

Neopterin is a non-specific marker of activated
cell-mediated immunity. Changes in neopterin levels
are helpful to estimate the severity of disease and
therefore the prognosis more accurately. In several
studies, increased serum and urine neopterin levels
were used as a diagnostic or prognostic marker in var-
ious diseases. Neopterin levels have been reported to
be elevated in many pathological conditions including
systemic infections, autoimmune diseases, renal fail-
ure, glomerulonephritis, renal transplant rejection,
insulin resistance, atherosclerosis, coronary artery
disease, and diabetes. Neopterin is considered not
only as an initial inflammatory marker, but also a
predictive factor in the progression of the disease
(19-22).

Since high neopterin levels are associated with
production of reactive oxygen radicals and low antiox-
idant concentrations, neopterin can also be regarded
as a sign of reactive oxygen species produced by the
active cellular immune system. Consequently, neo-
pterin measurements can predict not only the extent
of cellular immune activation, but also the level of
oxidative stress (8). The amount of secreted neopterin
is strongly associated with the release of reactive oxy-
gen radicals by the cells which reflects the level of
oxidative stress caused by the activation of the
immune system (23). Baris et al. (24) reported that
serum and urine neopterin levels significantly in-
creased in type 2 diabetic patients, compared to the
control group. Also, high serum neopterin concentra-
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tions in diabetic patients with microalbuminuria sug-
gest that neopterin, a monocyte activation marker,
correlates with renal dysfunction in patients with type
2 diabetes. There are also study results which found
the contrary of this result. In a study comparing
macrophage activation in both types of diabetes, no
increased macrophage activation in type 2 diabetes,
as opposed to type 1 diabetes, was found and, con-
sequently, high plasma neopterin levels were not
found (22). Neopterin levels have also been evaluat-
ed in gestational diabetes, which is another type of
diabetes. Serum neopterin levels in patients with ges-
tational diabetes were reported to be higher than in
pregnant women without diabetes (25).

The nitric oxide precursor, L-arginine, is involved
in a variety of pathologies, including type 2 diabetes
and its complications. Therefore, it is critical to evalu-
ate the early markers of inflammation and endothelial
functions, such as L-arginine and neopterin, in type 2
diabetic patients (20, 22, 24).

In conclusion, activation of the immune system
plays a key role in a variety of diseases, such as infec-
tions, neurological diseases, autoimmune diseases,
cardiovascular diseases and malignancies, or in cases
of allograft transplantation. It is, thus, of utmost
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