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Determining MPO activity and oxidant/antioxidant (MDA, SOD and CAT) levels in the urine of osteoarthritis patients with 
urinary infection was also performed for the first time to reveal the targets of gene enrichment network analysis of osteoarthritic 
and urinary system-related genes. In addition, our other main goal was to learn that the use of computer-aided designs in this 
study and other studies could help the target. Genes from patients with osteoarthritis and urinary infections were retrieved from 
DisGENET. A venn Diagram was drawn for genes from DisGENET, and gene network analysis for common genes was done 
with SRplot. 31 patients with concomitant osteoarthritis and urinary tract infection, 17 patients with osteoarthritis, 15 patients 
with urinary tract infection and 25 healthy controls were included in the study. Urinary MPO, catalase (CAT), superoxide 
dismutase (SOD), and malondialdehyde (MDA) levels were examined in a spectrophotometer as indicators of oxidant and 
antioxidant status. Gene network analysis was performed for the first time for urinary infection and osteoarthritis, and 
50 common genes were found. These common genes appear to be associated with arthritis, according to the KEGG pathway 
result. In the osteoarthritis group, MPO activity and MDA levels were higher, and CAT and SOD levels were lower (P <0.001). 
CAT, SOD, MPO activity and MDA levels were higher in the urinary tract infection group compared to the control group (P 
<0.05). MPO activity, and MDA levels were found to be higher in patients with concomitant osteoarthritis and in the group with 
urinary tract infection, and CAT and SOD activities were found to be significantly lower in the group with only tract infection  
(P <0.001). This study revealed that the group with osteoarthritis and urinary tract infection showed different inflammatory 
reactions and caused an imbalance in the oxidant/antioxidant status. In addition, it was evaluated for the first time by network 
analysis and it was determined that which genes it was associated with and that these genes would lead other studies within the 
scope of this target. 
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Free radicals are atoms or molecules with unpaired 
electrons that can be formed during many physiological 
and pathological reactions. These unpaired molecules 
are highly reactive and initiate reactions that will 
destroy important structures such as proteins, lipids and 
nucleic acids in the cell. Therefore, research in the 
physiopathology of many diseases is becoming more 
and more important day by day. It is widely accepted 
that these radicals are also responsible for osteoarthritis 
diseases1. 

Osteoarthritis (OA) is the most common chronic 
rheumatic diseases and is the leading cause of pain and 

disability worldwide. It occurs as a result of the natural 
immune response as a result of micro and macrotrauma 
in mobile joints and progresses with low-intensity 
inflammation, cell stress and extracellular matrix 
destruction. If we consider the joint as an organ, 
osteoarthritis can occur in the pathology of all the 
structures that make up the joint. Although the 
inflammation is of low severity, many substances are 
released during this inflammation. Although it is not 
known which inflammation markers are effective in the 
diagnosis of osteoarthritis, there are many studies related 
to this2. There is increasing evidence for the presence of 
inflammation biomarkers in OA. Superoxide dismutase 
(SOD) and catalase (CAT) are probably the most widely 
used biochemical markers of systemic inflammation2. 
Earlier studies on myeloperoxidase (MPO) in synovial 
fluid, serum and urine have shown increased levels in 
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OA patients. Further, MPO is recommended as a 
biomarker for the early diagnosis of OA3,4. 
 

Urinary tract infections (UTIs) are a disease that 
threatens all age groups and is observed in young and 
old people. UTIs cause diseases such as sepsis and 
kidney failure, as well as having fatal consequences5. 
Early diagnosis and adequate treatment of UTI diseases 
are of great importance in terms of patient life6. 
 

Modern analysis of biological data is based on the 
consolidation of interactions between more and more 
genes, proteins, and other biological molecules into 
networks, in other words, interactoms. Often, the task 
is to characterize a new experimental or pathological 
condition through a set of genes with altered molecular 
properties7. 
 

Gene set enrichment analysis (GSEA) is a powerful 
tool for the interpretation of high-throughput 
expression studies such as mass spectrometry-based 
proteomics or next generation sequencing to identify 
insights into the biological processes or pathways 
underlying a particular phenotype. By acquiring an 
expression profile, the list of differentially expressed 
genes is sorted as a metric associated with the observed 
expression change. The ordered gene list is compared 
to a gene set, i.e., a list of genes known to be associated 
with a particular biological process, gene ontology 
(GO), molecular function, or pathway. The metric is 
required to calculate the enrichment score (ES), which 
indicates the degree of overrepresentation of a gene set 
at the extremes of the ranked list8,9. 

In this study, we explored the potential relationship 
between gene network analysis and oxidative stress 
damage processes in patients with osteoarthritis. 
Additionally, levels of MDA and MPO were 
measured to assess the oxidative stress damage in 
osteoarthritis patients with urinary infections. In 
addition, we measured the levels of antioxidant 
enzymes CAT and SOD as well. 

Materials and Methods  
The study included 31 patients (16 females, 15 

males; between the ages of 55 and 70) with knee 
osteoarthritis and urinary infection (UTI+OA), 17 
patients with osteoarthritis (OA) (7 females, 10 males; 
between the ages of 51 and 70), and 15 subjects with 
only urinary infection (UTI) (6 females, 9 males; 
between the ages of 53 and 67), and 25 healthy (12 
females, 13 males; between the ages of 50 and 69), 
including the control group. Ethics committee approval 
was obtained from the ethics committee unit on July 

12, 2020, in accordance with the Declaration of 
Helsinki. A voluntary consent form was signed by the 
individuals involved in the study. 

Midstream spot urine samples taken under sterile 
conditions were inoculated on 5% sheep blood agar 
and Mac Conkey agar media, and after 24 h of 
incubation at 37°C, ≥105 CFU/mL growth was detected 
in the samples. Urinary system infectious agents were 
detected by routine biochemical methods and the 
VITEK (BioMeriéoux, France) system.  

As for indicators of oxidant/antioxidant status, 
catalase (CAT), superoxide dismutase (SOD) levels, 
malondialdehyde (MDA) levels, and also MPO as an 
enflammatuar marker in urine, were measured by the 
spectrophotometric method. Antioxidant and oxidant 
levels were measured at room temperature (25°C). 

Biochemical analyses 
 

Urine samples  
Urine samples brought to the laboratory were 

diluted 1:50 with serum physiologic (0.9% NaCI) in 
order to perform biochemical analysis. Urine 
creatinine levels were measured and kept under 
constant control.  
Measurement of MPO SOD and CAT activity 

The basic principle of the method is based on the 
oxidation of odianisidine (3,3'- dimethoxybenzidine). 
MPO activity was calculated by measuring the 
absorbance of this oxidized product at 460 nm for 
10 min. The unit of MPO activity is given as U/L10. The 
Fridovich method was used for SOD determination10. 
SOD activity was expressed as U/L. CAT activity was 
determined in the urine sample by the Beutler method11. 
CAT catalyzes the breakdown of hydrogen peroxide 
(H2O2). The rate of degradation of H2O2 by CAT is 
measured spectrophotometrically using light absorption 
at 230 nm. CAT activity was expressed as U/L. 

Measurement of malondialdehyde 
For determination of MDA, we used Ohkawa 

method12. The MDA concentration was expressed as 
nmol/mL. 

Statistical analysis 
The data were analyzed using the SPSS 25.0 package 

program. P <0.05 was accepted as the statistical 
significance level. If a group is compared with the 
control group and there is a significant difference, it is 
indicated with an (*). 

Gene network analysis 
OA and UTI related targets were retrieved from the 

online DisGeNET database (https://www.disgenet.org). 
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We used the InteractiVenn online tool to identify 
common targets of OA and UTI13. A network analysis of 
50 common genes extracted from the Venn diagram was 
performed. Analyzed with "https://www.bioinformatics. 
com.cn/en", a free online platform for data analysis and 
visualization14,15 

Results 
MPO activity and MDA levels were found to be 

significantly higher, while CAT and SOD activities 
were found to be low in the osteoarthritis group 
(P <0.001). CAT, SOD, and MDA levels with MPO 
activities were found to be higher in the urinary 
infection group compared to the control group 
(P <0.05). In addition, the levels of MDA and MPO 

activities in the osteoarthritis group with urinary 
infection were significantly higher compared to the 
control group, while the CAT and SOD levels were 
significantly lower in the osteoarthritis group with 
urinary infection compared to the group with only 
urinary infection (P <0.001) (Table 1) (Fig. 1). 

UTI and OA genes were obtained from DiSGENET 
and Venn diagram was drawn (Fig. 2). According to the 
Venn diagram, UTI and OA have 50 genes in common. 
According to the Venn Diagram results, the OA and UTI 
genes taken from Dissgenet are shown in Table 2 as the 
list of 50 common genes. The dots represent term 
enrichment by colour coding: red indicates high 
enrichment, blue indicates low enrichment. The sizes of 
the dots represent the percentage of each row (GO 
category). These results indicate diseases in which there 
is high expression of genes associated with the common 
50 genes of OA and UTI. It shows that it provides a 
good prognosis for rheumatoid arthritis for our study. 
This analysis provides valuable information for further 
research (Figs. 3 and 4). The KEGG pathway map of 
rheumatoid arthritis is given in Fig. 5. 

Fig. 3 — Pathway enrichment plot for OA and UTI common genes 

Fig. 1 — MPO level in the control group, urinary tract infection,
urinary tract infection-osteoartrit 

Fig. 2 — Venn diagram of UTI and OA genes 

Table 1 — SOD, CAT enzyme activities and MDA levels in Control, UTI Infection and Infection with UTI-OA groups 
CAT (U/L) P SOD (U/L) P MDA (nmol/mL) p 

UTI+OA Group 0.94±0.06* 0.01 5.53±0.46* 0.04 4.27±0.62** 0.002
UTI Group 0.36±0.086* 0.02 1.94±0.84* 0.02 3.22±0.42** 0.001
OA Group 0.25±0.22 0.01 1.87±0.37 0.03 3.75±0.67** 0.003
Control Group 0.17±0.05 0.01 1.47±0.48 0.01 1.99±0.44** 0.002
[Results are given as mean and standard deviation. Statistically significant (P <0.05) *higher; and **lower than the control] 

Table 2 — UTI and OA common genes list 
POMC, IL1B, IL1A, IL18, TLR4, IL6, CRP, CXCL8, TNF, IL10, ALB, TGFB1, ACE, VEGFA, NLRP3, TCF21, CCR2, CCL2, NHS,
VDR, CORO7, TLR2, PTGS2, PLAU, CD44, CD36, TLR9, TRPV1, BCL2, REN, TSPO, CCL20, HSPA14, ESR1, EFEMP1,
MTCO2P12, CHRM3, CHI3L1, MMP9, MMP1, IL22, SERPINB2, MYD88, COX2, AR, HIF1A, HSPD1, CXCL10, IL17A, IL1RN 
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Fig. 4 — Relationship of pathways related to OA and UTI common genes with genes 

Fig. 5 — KEGG pathway of rheumatoid arthritis 
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Discussion 
When we compared the control group in our study, 

while the MPO level increased very much in UTI+OA, 
it was observed that it increased only slightly in the OA 
and only UTI groups. High MPO activities are 
suggestive of pathogenicity in UTI+OA, OA-only, and 
UTI-only groups. In our evaluation in terms of 
oxidative stress, while the MDA level increased very 
much in the UTI+OA group compared to the control 
group, there was a lesser increase in only the OA and 
UTI groups. When we compared the control group, 
SOD levels were approximately found only in the UTI 
and only OA groups, while a significant increase was 
observed only in the UTI+OA group. When we make a 
comparison with the control group, there was a slight 
increase in CAT levels only in the OA and UTI groups, 
while a significant increase was observed in the 
UTI+OA group. 

OA is the most common form of joint disease. It is 
the leading cause of chronic disability, especially in 
middle-aged and elderly populations16,17. However, 
the pathogenesis and progression of OA is still 
unclear. Bioinformatics based on gene relationships 
has been carried out in order to address this 
uncertainty. Gen enrichment analysis showed that 
inflammatory bone disease is associated with certain 
cytokines. These cytokines were associated with 
IL-1B, IL-8, IL-22 and TNF. These cytokines play an 
significant role in the mechanism of oxidative 
damage. IL-1 is a very important cytokine in the early 
stages of osteoarthritis, and chondrocytes have a high 
sensitivity to it, and can be considered as a go 
between the different structures of the joints18. 

Takahashi et al. determined that interlokin-8, an 
inflammatory chemokine in osteoarthritis, has an 
epigenetic regulated role19. Another study showed that 
IL-22 protects against osteoarthritis20. Several recent 
studies have shown that IL-1, IL-8, IL-22 and TNF 
cytokines play an important role in the mechanism of 
oxidative damage21-23. 

Pathophysiologically, OA is still not fully 
understood24. However, the journey to understanding 
the link between oxidative stress and OA is much 
more recent and goes back nearly 30 years. To date, it 
has been aimed at detecting biomarkers by conducting 
studies in both animal models and humans. A list of 
biomarkers routinely used in the diagnosis and 
treatment of osteoarthritis and the studies of these 
markers in patients25,26. 

Our study is the first to identify oxidative stress 
biomarkers in patients with urinary tract infections 
and urinary tract infections with osteoarthritis27. A 
limited number of studies show that there is an 
ongoing debate about which biomarkers should be 
used. It is suggested that oxidative stress biomarkers 
should be used for research purposes until more 
sensitive and specific tests are developed28. It is seen 
that GPx, SOD, CAT, GR, AE, NADPH ox, and MPO 
enzymes are evaluated in terms of enzymatic activity 
in patients with OA. It is seen that GPx is mostly 
studied in studies. Lower GPx levels were noted in 
patients with OA compared to controls in all studies29. 
Superoxide dismutase (SOD) is an endogenously 
formed metalloprotein enzyme that protects cells 
against the toxic effects of superoxide radicals. SOD 
catalyzes the conversion of superoxide to hydrogen 
peroxide. SOD activity measurement is a mechanism 
that makes research valuable because it acts as a 
primary protector in cells. In the study, CAT and SOD 
enzyme activities were found at lower levels in the 
osteoarthritis group with urinary infection compared 
to the control group. The low levels of these two 
enzymes suggest a correlation between ROS, OA, and 
urinary system diseases. In some studies, it is stated 
that SOD and CAT antioxidant enzyme levels are low 
in patients with OA and UTI30. Studies in which ROS 
production and oxidative stress are evaluated as high 
in patients with OA are reported in the literatüre31. 
There are many studies in the literature indicating that 
there is an increase in oxidative stress (decrease in 
SOD, CAT, and Gpx enzyme values) damage in the 
pathogenesis of OA.32.  

The reduction of important antioxidant systems 
such as SOD and CAT causes functional and 
mechanical failures and, thus degenerative destruction 
in cartilage tissue. There are similar studies 
emphasizing that the SOD enzyme, which we found at 
low levels in our study, similar to previous studies, 
can be used as a biomarker in patients with OA33. 
Because SOD activity is not affected by age, Paździor 
et al. showed low levels of SOD and CAT activity in 
older women with OA32. It is thought that CAT 
enzyme activity reduces the level of ROS in 
chondrocytes, reduces TNF-α-induced apoptosis, and 
contributes to the physiological remodeling of 
cartilage34. SOD enzyme activity was found to be 
higher in patients with OA compared to controls in 
only two of the six studies35. While no difference was 
observed between the control and OA patient groups 
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in most of the studies in terms of CAT activity36,37, 
Ferreira et al33. reported decrased CAT activity levels 
in the plasma of patients with OA. Studies evaluating 
the antioxidant enzymes GR, AE, and NADPH ox in 
OA are limited. Studies in which NADPH ox and GR 
activity were evaluated lower in the patient group are 
available in the literatüre38,39. 

It has been stated that MPO activity may be a non-
invasive indicator in patients with UTI. In the literature, 
there are many studies in which MPO activity increases 
due to UTI and OA39. On the contrary, Fonseca et al.34 
reported that MPO activity was decreased in patients 
with OA compared to controls. MDA is a frequently 
used biomarker for lipid peroxidation35. OA disease, 
which has effects on the breakdown and oxidation of 
collagen in cartilage, is characterized by high MDA 
values. In our study, MDA levels were found to be 
significantly higher in the osteoarthritis group (P 
<0.001). In addition, the levels of MDA in the 
osteoarthritis group with urinary infection were 
significantly higher compared to the control group. Garg 
et al.40 showed that there was a 6.5% increase in MDA 
levels in patients with OA compared to the control 
group. Zhang et al.41 reported that sodium hyaluronate 
treatment decreased MDA and TNF-α levels in patients 
with moderate and severe OA and provided a significant 
improvement in clinical symptoms. Weber et al.42 also 
were studied with synovial cell cultures isolated from 
patients with OA, found that MDA levels were high. 
Low levels of MDA are observed in some segments of 
the geriatric population. According to the researchers, 
this situation is associated with the genetic presence of a 
protective component against oxidative stress40. In 
addition, thanks to the exogenous antioxidants to be 
applied externally, there is a decrease in the MDA level. 
In a study, lower MDA levels were shown in the group 
treated with hyaluronic acid in patients with OA 
compared to the control group43. It is also stated that 
turmeric and ginger extracts reduce MDA 
concentrations in patients with OA43. In addition to 
MDA, 8-isoprostane F2α, thiobarbituric acid reactive 
substances (TBARS), and malondialdehyde-
acetaldehyde (MAA) have been investigated biomarkers 
of lipid peroxidation in OA patients. Blood TBARS 
levels were evaluated as higher in patients with OA 
compared to controls32,44. Studies have reported that 8-
isoprostane F2α concentrations are higher in OA patients 
than in healthy controls40,45.  

Gene network analysis was performed for the first 
time, and as a result, 50 common genes associated 

with OA and UTI were found. According to the 
results of the network analysis of these genes, we 
think that UTI may be associated with the prognosis 
of OA due to the related genes between OA and UTI. 
In addition, when we look at the KEGG pathway, we 
see that there are genes associated with the oxidative 
damage mechanism. 

Conclusion 
In summary, oxidant and antioxidant levels were 

evaluated in patients with osteoarthritis who had 
urinary infection. Research results suggest that 
antioxidant enzymes can be used as biomarkers in 
patients with OA with urinary infection. Our study 
showed that there was a relationship between 
osteoarthritis and the urinary tract infection group. 
We showed a gene network relationship between the 
cytokines IL-1, IL-8, IL-22 and TNF. Since these 
cytokines play an important role in oxidative damage, 
it was thought that they would have an active role in 
patients with osteoarthritis patients with urinary tract 
infections. This study is the first to identify genes 
involved in oxidative damage and will lead to other 
studies.  
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