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Objectives

Data on oxidative protein damage, total antioxidant capacity (TAC) and lipid peroxidation in progression of prostate cancer remain elusive. So far, the influence of the presence of perineural invasion on the level of oxidative stress has not been described. Additionally, there is limited data on the level of oxidative stress in patients’ urine.





Methods

We compared the levels of oxidative stress markers in serum and urine in 50 patients with prostate cancer depending on the tumor stage and histological grade, the Gleason score, and the presence of perineural invasion.





Results

We found a significantly de-creased level of serum thiol groups and TAC in participants with prostate cancer. Similarly, serum Amadori products and malondialdehyde (MDA) were higher in patients than in healthy men. There was a significantly decrease in TAC and a significantly increased MDA in the urine of prostate cancer patients. As the stage of cancer increased, a decrease in the thiol group concentration and TAC as well as an increase in the concentration of lipid peroxidation products in the serum was observed. The serum level of advanced oxidation protein products (AOPP) increased in the group with Gleason scores greater than 7. Furthermore, serum thiol groups and TAC were reduced in the group with Gleason >7 as compared to Gleason <7. The presence of perineural invasion significantly reduced serum and urinary TAC and increased urinary AOPP concentration.





Conclusions

These results indicate a significant role for oxidative damage in prostate carcinogenesis and its progression. Characterizing oxidative and nitrosative damage to proteins may be useful in designing targeted therapies for prostate cancer patients.
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1 Introduction

Prostate cancer is one of the most frequently diagnosed cancers in developed countries and the fifth leading cause of death, with an estimated 1.4 million diagnoses worldwide in 2020 (1, 2). The incidence and mortality rates of prostate cancer are closely related to age, with the highest incidence seen in elderly men (3). Adenocarcinoma is the most common histological type of prostate tumors. Approximately 95% of prostate cancers develop in the acini of prostatic ducts (4). The etiology and risk factors for prostate malignancy are not well defined. However, factors such as age, race/ethnicity, genetic predisposition, family history, metabolic syndrome, obesity, environmental influences, and lifestyle are often associated with its development (5, 6). Oxidative stress, caused by a redox imbalance between pro-oxidants and antioxidants, contributes to carcinogenesis and cancer progression, including urogenital cancers (7–9). Increased production of reactive oxygen species (ROS) or impaired antioxidant defenses raise intracellular ROS levels, causing oxidative damage to various cellular components such as nucleic acids, proteins, and lipids, and activating intracellular proto-oncogenic signaling (10). Cancer cells often maintain high levels of oxidative stress, using ROS to modulate signaling pathways for growth, proliferation, and evasion of apoptosis (11). The relationship between oxidative stress and the development of prostate cancer has been frequently discussed (12, 13). However, data on oxidative protein damage, antioxidant capacity, and lipid peroxidation in subjects at high risk for prostate cancer remain elusive. Moreover, the associations between prostate cancer progression and oxidative stress is not fully understood. Prevention, early detection, and more effective treatment strategies for prostate cancer are essential, given its significance as a public health problem, particularly in Western countries with an ageing population (3, 14). Therefore, it seems crucial to identify markers that can be easily and cheaply determined in serum and/or urine and correlate with the stage and grade of prostate cancer.

This study aimed to investigate the changes and differences in oxidative stress parameters in the blood, serum, and urine of patients with prostate cancer compared to a control group. We also sought to find an association between the levels of the estimated markers and the stages or grades of prostate cancer. To the best of the authors’ knowledge, this study represents the first to examine the impact of perineural invasion on oxidative stress levels in patients with prostate cancer.




2 Materials and methods



2.1 Ethical issues

The study protocol was accepted by the Bioethics Committee of Rzeszow University with authorization numbers 2022/037 and 2022/090. The study was conducted in strict adherence to the ethical standards laid out in the World Medical Association Declaration of Helsinki regarding human subject research. Informed consent was obtained from each study participants.




2.2 Participant selection

The single-center, cross-sectional study included 50 men with prostate cancer, ranging in age from 55 to 86 years. These individuals had no history of medication or treatment for their condition prior to the study. Participants were recruited from the Clinical Department of Urology and Urology Oncology at the Municipal Hospital in Rzeszow, Poland, between March and September 2022. Comprehensive data on demographics, disease history, and familial cancer history were meticulously collected.

Inclusion criteria: Patients qualified for radical laparoscopic prostatectomy based on ultrasound-guided transrectal biopsies (utilizing ≥10 biopsy cores). All specimens were assessed by an experienced urogenital pathologist. Reports were issued following ISUP/World Health Organization (WHO) guidelines. The classification of the study group was based on the Union for International Cancer Control (UICC) 8th edition (2017), using the Tumor, Node, Metastasis (TNM) classification for prostate cancer staging (15). Grading was based on the Gleason score, with the 2019 International Society of Urological Pathology grade classification employed (16).]. An additional histopathological report parameter utilized in the study was perineural invasion.

Exclusion criteria: Refusal to participate in the study, incomplete medical documentation, prior radio- or chemotherapy, smoking, chronic alcohol use, history of endocrine disorders, other malignancies, diabetes mellitus, dyslipidemia, obesity (BMI >30), and infectious or inflammatory diseases.

The control group consisted of 45 healthy men, age-matched with the study group, who were selected among healthy volunteers. These participants had no history of cancer or chronic diseases and had not taken any drugs, including vitamins and supplements, for at least one month prior to the study. All volunteers in the control group had no lower urinary tract symptoms, normal PSA levels, and had normal digital rectal examinations. Socioeconomic status and dietary habits, as assessed during medical interviews, were similar across all participants.




2.3 Materials

All chemicals were purchased from Sigma-Aldrich (Poznan, Poland). The enzyme-linked immunosorbent assay kits for 3-nitrotyrosine and 4-hydroxy-nonenal were procured from Immunodiagnostic AG (K7829, Bensheim, Germany) and Wuhan Fine Biotech Co., Ltd. (EU0187, Wuhan, China), respectively. Absorptiometric analysis was conducted using a Tecan Infinite 200 PRO multimode reader (Tecan Group Ltd.; Männedorf, Switzerland). Measurements were made in triplicate, unless indicated otherwise. Results were standardized to protein or creatinine concentrations as appropriate, unless specified otherwise.




2.4 Sample collection

Peripheral blood (5 mL) was drawn after fast overnight using a Sarstedt S-Monovette system, followed by centrifugation and serum storage at −80°C for subsequent analyses. Urine samples were collected into 50 mL sterile containers from the initial morning void, centrifuged, and the supernatants stored under the same conditions.




2.5 Hematological and biochemical analysis

Blood counts were determined using an automated standard hematology analyzer (Siemens Healthineers, Germany). Serum glucose, creatinine, and urea were analyzed using standard laboratory methods (Cobas c501, Roche Diagnostics, Mannheim, Germany). Coagulological determinations were estimated on an ACL TOP 300 CTS Coagulation Analyzer (Instrumentation Laboratory, Werfen Headquarters, Barcelona, Spain). The international normalized ratio (INR) was assayed using the RecombiPlasTin 2G kit from Instrumentation Laboratory and the activated partial thromboplastin time (APTT) was estimated using the APTT-SP kit, also from Instrumentation Laboratory. The direct potentiometric measurement of potassium in blood serum was measured with a liquid ion-exchange electrode.




2.6 Biochemical procedures



2.6.1 Protein assay

The protein concentration was determined using the method of Lowry et al. (17). Briefly, 250 μL of the Lowry reagent was applied to a 96-well plate. Then 50 μL of diluted serum was applied to each well and incubated at room temperature for 10 min. Subsequently, 25 μL of the Folin-Ciocalteu reagent was added and incubated for 30 minutes before measuring absorbance at 750 nm.




2.6.2 Creatinine assay

Creatinine in urine was measured using Jaffé method (18).




2.6.3 AOPP

Advanced oxidation protein products (AOPP) were determined by the method of Witko-Sarsat et al. (19). 200 μL of diluted serum and urine were added to wells of a 96-well plate and 20 μL of acetic acid was added to each well. Absorbance was measured at 340 nm against a blank. AOPP concentration is expressed in nmol chloramine-T equivalents/mg protein.




2.6.4 3-Nitrotyrosine assay

The 3-nitrotyrosine concentration in serum was assessed with the 3-nitrotyrosine ELISA kit (Immundiagnostik AG), according to the manufacturer’s protocol. The results were expressed in nmol/mg protein.




2.6.5 Thiol group assay

The level of thiol groups was determined by the method proposed by Ellman (20). 20 μL of serum and 2 μL of 5,5′-dithiobis-(2-nitrobenzoic acid) (DTNB; 10 mg/mL of 0.1 M phosphate buffer, pH 8.0) were added to 100 μL 0.1 M phosphate buffer, pH 8.0 to wells of a 96-well plate. The samples were incubated in the dark at 37°C for 1 h and the absorbance was measured at 412 nm against a blank. The thiol group content was calculated on the basis of a standard curve using glutathione as a standard and expressed in mmol/L.




2.6.6 Characterization of Amadori product by the NBT assay

The content of the Amadori product was estimated using the method of Johnson et al. (21). 100 μL of serum or diluted urine were added to wells of a 96-well plate, followed by 100 μL of the nitro blue tetrazolium reagent in 0.1 M carbonate buffer, pH 10.35 and the plate was incubated at 37°C for 2 h. The absorbance was measured at a wavelength of 525 nm. The Amadori products were estimated using an extinction coefficient of 12,640 M-1 cm-1 for monoformazan (22). Measurements were made in duplicate.




2.6.7 Total antioxidant capacity (TAC) measured by method with ABTS•

ABTS• (2, 2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)) was formed by the reaction of 7 mM of ABTS solution with 2.45 mM of potassium persulfate, incubated for 24 hours at room temperature and protected from light. Briefly, appropriate amounts of serum samples or urine were added to a ABTS• solution, diluted such that 200 µl of the solution had an absorbance of 1.0 ± 0.04 in a well. The absorbance reading was done at 734 nm after 6 minutes of reaction. The results were expressed in Trolox equivalents (μmol TE/L) (23).




2.6.8 TAC measured by method with FRAP

TAC was determined colorimetrically by measuring the ferric reducing capacity of samples with 0.3 M acetate buffer, pH=3.6, 0.01 M 2,4,6-tripyridyl-s-triazine in 0.04 M HCl and 0.02 M FeCl3*6H2O mixed in 10:1:1 and serum or urine samples. Absorbance was measured at 593 nm after 20 minutes incubation. The results were expressed in Trolox equivalents (μmol TE/L) (24).




2.6.9 MDA

Samples of serum or urine were mixed with 200 μL of mixture (1:1) of 0.37% thiobarbituric acid (TBA) and 15% trichloroacetic acid in 0.25 M HCl to precipitate protein. The samples were incubated for 40 min at 100oC and pH 2-3. Then, samples were centrifuged and the absorption of the supernatants was measured at a wavelength of 535 nm. The majority of TBA-reactive substances is MDA; therefore, the concentration of MDA in samples was expressed in μmol. The results were calculated using an absorption coefficient for MDA of 1.56×105 M−1 cm−1 (25).




2.6.10 4-Hydroxy-nonenal assay

The 4-hydroxy-nonenal concentration was assessed with the 4-hydroxy-nonenal ELISA kit (Wuhan Fine Biotech Co., Ltd), according to the manufacturer’s protocol. The results were expressed in pg/mL.





2.7 Statistical analysis

Data presentation includes median and interquartile ranges, with distribution normality verified by the Shapiro-Wilk test. The Kruskal-Wallis or Mann-Whitney U test was applied to ascertain statistical significance. Data analysis was facilitated by the STATISTICA software suite (version 13.3, 2017, StatSoft Inc., OK, USA).





3 Results

Fifty men with prostate cancer were recruited for this study. Meanwhile, 45 healthy men were enrolled in the control group. The basic characteristics and clinical laboratory values of the study participants are shown in Tables 1 and 2. The classification of the study group was based on the 8th edition of the UICC 8th edition (2017), using TNM classification for the staging of prostate cancer (15). Grading was based on the Gleason score, using the ISUP 2019 grade classification (16). There were no statistical differences in basic characteristics between the study groups. The clinical hematological results were similar between the prostate cancer group and healthy subjects. The study groups had similar clotting indices. There were no differences in serum creatinine, glucose, urea and potassium levels between patients and healthy controls.


Table 1 | General characteristics of the patients.




Table 2 | Clinical characteristics of the study group patients.



In our study, we observed a similar level of serum AOPP, one of the most frequently determined markers of protein oxidative modification in patients with prostate cancer, compared to the control group (Table 3). Furthermore, there were no differences in serum 3-nitrotyrosine level. However, we found a significantly lower level of thiol groups in the serum of participants with prostate cancer. Similarly, another protein modification Amadori products was also higher in the serum of patients than in healthy men. The TAC measured by the ABTS• method was significantly lower in men with prostate cancer than in healthy controls. However, this result was not confirmed in the TAC method with FRAP. One of the markers of lipid peroxidation − MDA − was significantly increased in cancer patients compared to healthy people. On the other hand, we did not observe any differences in 4-HNE concentration between the study groups. For urinary oxidative stress markers, we observed that there was no difference in the concentrations of AOPP, Amadori products, and TAC measured by ABTS• between the study groups. However, there was a significantly decreased TAC determined by FRAP and a significantly increased MDA in prostate cancer patients (Table 3).


Table 3 | Markers of oxidative stress in healthy controls and patients with prostate cancer.



Table 4 shows the concentrations of oxidative stress markers in serum and urine in men with prostate cancer, depending on the TNM classification. There was no statistical difference in the concentration of AOPP, 3-nitrotyrosine, and Amadori products between the study groups. However, we noted a significant difference in the concentration of serum thiol groups (T1 vs. T3 p = 0.002 and T2 vs. T3 p = 0.008). Furthermore, serum TAC decreased with tumor progression. As the stage of the cancer increased, an increase in the concentration of lipid peroxidation products in the serum was observed. On the other hand, urinary oxidative stress markers, with the exception of MDA (T1 vs. T3 p = 0.002 and T2 vs. T3 p = 0.01), were at similar levels among the study groups.


Table 4 | Markers of oxidative stress in patients divided in groups considering the cancer stage depending on the TNM classification.



Table 5 shows patients divided into groups based on Gleason score. The level of serum AOPP was increased in the group with Gleason scores greater than 7. Moreover, thiol groups in serum were reduced in the group with Gleason >7 as compared to Gleason <7. Similarly, serum TAC was decreased in patients with Gleason >7 as compared to those with Gleason lower than 7. The concentration of 4-HNE was increased in the group with Gleason scores greater than 7 when compared to the other study group (<7 vs >7 p < 0.001 and =7 vs >7 p = 0.032). Levels of serum 3-nitrotyrosine, Amadori products, MDA, and urinary oxidative stress markers were similar in the studied groups.


Table 5 | Markers of oxidative stress in patients divided in groups considering Gleason grading system.



Subsequently, we examined the level of biomarkers depending on the histological grade (Table 6). The serum levels of the markers tested, with the exception of TAC and MDA, were similar in all groups. The serum TAC was significantly decreased in the G2 group compared to patients with G1. Likewise, the MDA concentration was significantly higher in participants in G2 than in G1. Similarly, urinary TAC measured by FRAP was significantly lower in G2 compared to G1 patients. Furthermore, we observed increased MDA concentrations in G2 compared to G1 men.


Table 6 | Markers of oxidative stress in patients divided in groups considering the cancer histological grade.



Finally, we investigated whether the presence of perineural invasion in patients with prostate cancer affects the level of oxidative stress. Table 7 shows the level of biomarkers in patients with perineural invasion compared to participants without perineural invasion. The presence of perineural invasion significantly reduced serum and urinary TAC measured by FRAP and increased urinary AOPP concentration. No other differences were noted between men with and without perineural invasion.


Table 7 | Markers of oxidative stress in patients divided in groups considering the presence of perineural invasion.






4 Discussion

Oxidative stress is a process in which the body is exposed to an excessive amount of reactive oxygen species (ROS) and reactive nitrogen species (RNS). These substances can damage cells and DNA, leading to various diseases, including cancer. There is evidence of a link between oxidative stress and the development of prostate cancer, although the mechanisms of this relationship are not fully understood (12, 26). Additionally, there is limited data on the level of oxidative stress in patients’ urine. The association of oxidative stress with prostate cancer progression also remains unclear.

In our study, there were no significant differences in serum and urine AOPP concentration for monitoring oxidative stress between healthy controls and prostate cancer patients. On the other hand, a recent study reported that AOPP concentrations were higher in prostate tissue from cancer patients than from healthy individuals (3.21 vs 2.42 μmol/mg, p <0.05) (27). Moreover, a significantly higher concentration in serum AOPP level was observed among prostate cancer patients than among healthy controls in a study by Koike et al. (28). The concentration of carbonyl groups, another marker of protein oxidative damage, increased among prostate cancer patients compared to healthy controls (1.09 ± 0.07 vs 2.3 ± 0.66 nmol/mg protein, p < 0.01) (29).

In addition to oxidative stress markers, we determined the concentration of 3-nitrotyrosine, which is a nitrosative stress marker. Some RNS interact with tyrosine residues, which may trigger the formation of 3-nitrotyrosine (30). In our study, we did not observe any differences in 3-nitrotyrosine concentration in the serum of cancer and healthy study participants. To our knowledge, the 3-nitrotyrosine concentration have not previously been measured in serum among patients with prostate cancer. Patients with prostate cancer were characterized by lower thiol groups in serum, consistent with previous studies (28, 31–33).

Reducing sugars can react non-enzymatically with the amino groups of proteins to form reversible Schiff bases, and then Amadori products (34). We determined significantly higher concentrations of Amadori products in serum from patients with prostate cancer than from healthy controls. However, the concentration of these products was at a similar level in the urine in both study groups. Amadori products undergo further complex reactions to form irreversibly cross-linked, heterogeneous fluorescent derivatives, termed advanced glycation end products (AGEs). Plasma carboxymethyllysine (CML), a major end-stage AGE, was significantly higher in prostate cancer cases than in controls (182 vs 152 μg/mL, p < 0.05) (34).

AGEs may react with intracellular proteins, altering their function or structure, resulting in increased free radical production directly or by binding to AGE receptors (RAGE) (35). Overexpression of RAGE and the RAGE polymorphism was suggested to be associated with prostate cancer development and poor prognosis (36).

Furthermore, we observed reduced serum (determined using ABTS) and urine (determined using the FRAP method) in men with prostate cancer compared to healthy controls. On the other hand, the total antioxidant parameter that captures radicals from erythrocytes and plasma was at a similar level in healthy controls and men with prostate cancer (28). Likewise, serum total antioxidant status was significantly lower in patients with prostate cancer compared to healthy individuals (1.396 ± 0.08 vs 1.815 ± 0.069 mmol/L, p < 0.001) (37).

We found increased concentrations of MDA in serum and urine from prostate cancer patients. Similarly, Veljković et al. reported that MDA concentration was increased in prostate tissue in people with cancer compared to healthy people (7.15 vs 4.42 nmol/mg, p < 0.001) (27). Elevated MDA concentrations were also determined in the circulation of patients with prostate cancer compared to healthy controls, which is consistent with our results (38, 39). Therefore, MDA may play an important role in the etiopathogenesis of prostate cancer (40).

We did not notice any difference in the 4-HNE concentration in the serum of individuals with prostate cancer and healthy individuals. A recent study revealed the absence of 4-HNE-protein adducts in prostate carcinoma tissue but increased 4-HNE-protein levels in the plasma of these patients (41). No difference was observed in the concentration of lipid hydroperoxide, one of the derivatives of lipid peroxidation, in plasma and erythrocytes from prostate cancer patients compared to controls (28). Moreover, urine F2-isoprostanes were not associated with prostate cancer incidence in the study by Yang et al. (34). On the other hand, an increase in F2-isoprostane concentration was observed in prostate patients in the study by Brys et al. (42).

In our study, as tumor stage increased, a decrease in the concentration of thiol groups and TAC was observed in serum, an increase in the concentration of MDA in serum and urine, and an increase in 4-HNE in serum. Similarly, with increasing tumor histological grade, we found a decrease in serum and urine TAC and an increase in MDA levels. Moreover, we did not observe any difference in the concentration of Amadori products in serum and urine in the study groups depending on the stage and grade of cancer. Subsequently, we checked the levels of oxidative stress markers in patients depending on the Gleason score. We found an increase in serum levels of AOPP and 4-HNE and a decrease in thiol group levels, as well as TAC in patients with Gleason greater than 7. One of the AGEs, CML, levels were lower in areas of the tumor, for both the epithelium and the surrounding stroma, compared to benign, but did not change significantly with the tumor grade group (43).

The Gleason score had no effect on plasma MDA levels in patients with prostate cancer in the study by Battisti et al. (38). However, they observed higher levels of carbonyl protein in patients with Gleason greater than 7 compared to patients with Gleason <7 and =7 (p < 0.05). Moreover, catalase activity, vitamin C, and vitamin E content were reduced in all groups in relation to the control group. Patients with advanced prostate cancer were subjected to high oxidative stress, as determined by the increased susceptibility of serum lipids to peroxidation (44). These results confirm that advanced prostate cancer is associated with a state of high oxidative stress.

In the final stage of our study, we examined whether the presence of perineural invasion impacts the levels of oxidative stress markers. Perineural invasion is a characteristic feature of prostatic carcinoma. In needle core biopsies, approximately 25% of cases exhibit perineural invasion. However, in a screening population characterized by smaller lower-stage tumors, perineural invasion is observed only in 11% of cases (45). The presence of perineural invasion significantly reduces serum and urinary TAC measured by FRAP and, surprisingly, increases urinary AOPP concentration. To our knowledge, this study is the first to examine the impact of perineural invasion on oxidative stress levels in patients with prostate cancer.

Prostate cancer tissue has been shown to produce particularly large amounts of hydrogen peroxide, a ROS that can damage biomolecules (46). Furthermore, the high activity of xanthine oxidase, which is a major source of ROS in the circulation, could be one of the causes of oxidative stress (27). In prostate cancer, changes in the activity of antioxidant enzymes (e.g., catalase, superoxide dismutase, glutathione peroxidase) and a decrease in the concentration of serum vitamins acting as antioxidants are also observed (38–40, 47). It should be noted that the type of prostate cancer treatment can also affect the level of oxidative stress (38, 48, 49). High levels of oxidative stress in prostate cancer are a complex phenomenon resulting from dysregulation of multiple metabolic and biochemical processes. Mitochondria are the main site of ROS production in cells, and their malfunctioning can result in excessive generation of these harmful molecules (50). A high level of ROS can lead to activation of ROS-dependent signaling pathways, such as the mitogen-activated protein kinase and nuclear factor kappa B pathways. These signaling pathways are involved in the regulation of cell proliferation, survival, migration, and invasion, which may contribute to the progression of prostate cancer. Moreover, activation of the nuclear factor kappa B pathway by ROS can lead to increased expression of genes promoting the survival of cancer cells, inflammatory cytokines, and growth factors, thus promoting the progression of prostate cancer (51). Understanding these mechanisms may be crucial for the development of targeted therapies that can inhibit disease progression by blocking ROS-dependent signaling pathways (52).

Oxidative stress can lead to gene mutations, including those in tumor suppressor genes that control cell growth and prevent uncontrolled cell division. DNA damage by ROS and RNS can promote the accumulation of mutations, a crucial step in cancer development (53). Moreover, oxidative stress can affect inflammatory processes, which are also linked to the development of prostate cancer. Inflammatory states can promote cancer cell growth and facilitate angiogenesis, essential for tumor nutrient supply (54). Laboratory studies suggest that antioxidants might help reduce oxidative stress and decrease the risk of developing prostate cancer. However, epidemiological studies on the impact of antioxidants on prostate cancer risk are inconclusive, and there is no definitive evidence of the effectiveness of antioxidants in prostate cancer prevention (55).

These results indicate a significant role of oxidative damage in prostate carcinogenesis. However, it is important to acknowledge the limitations of our study. We conducted our research on a small group of patients from a single clinic; thus, further research on a larger group of prostate cancer patients is necessary. We analyzed only selected oxidative stress parameters, and therefore, we cannot fully characterize the oxidoreductive balance in patients and controls. In the future, it would be beneficial to evaluate the relationship between oxidative stress intensity and the survival rate of prostate cancer patients. It is important to recognize that prostate cancer development is multifactorial, depending on various factors such as genetics, age, diet, environment, and lifestyle. Oxidative stress is just one of many factors that can influence the risk of this disease, and ongoing research is focused on understanding more specific mechanisms of this relationship.




5 Conclusions

In conclusion, our research indicates that increased oxidative stress occurs in patients with prostate cancer. As the tumor progressed and the presence of perineural invasion increased, oxidative stress increased. Assessing oxidative stress in these patients may aid in future prevention, diagnosis, and treatment. Additionally, characterizing oxidative and nitrosative damage to proteins may be useful in designing targeted therapies for prostate cancer patients.
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