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Cancer management is highly dependent on the immune status of the patient. During the COVID-19 pandemic, a large number of people suffered from anxiety and depression, especially cancer patients. The effect of depression on breast cancer (BC) and prostate cancer (PC) patients, during the pandemic has been analyzed in this study. Levels of proinflammatory cytokines (IFN-γ, TNF-α, and IL-6) and oxidative stress markers malondialdehyde (MDA) and carbonyl content (CC) were estimated in patients’ serum samples. Serum antibodies against in vitro hydroxyl radical (•OH) modified pDNA (•OH-pDNA-Abs) were estimated using direct binding and inhibition ELISA. Cancer patients showed increased levels of proinflammatory cytokines (IFN-γ, TNF-α, and IL-6) and oxidative stress markers (MDA and CC levels), which were further significantly enhanced in cancer patients with depression compared to normal healthy (NH) individuals. Increased levels of •OH-pDNA-Abs were detected in breast cancer (0.506 ± 0.063) and prostate cancer (0.441 ± 0.066) patients compared to NH subjects. Serum antibodies were found to be significantly elevated in BC patients with depression (BCD) (0.698 ± 0.078) and prostate cancer patients with depression (PCD) (0.636 ± 0.058). Inhibition ELISA also exhibited significantly high percent inhibition in BCD (68.8% ± 7.8%) and PCD (62.9% ± 8.3%) subjects compared to BC (48.9% ± 8.1%), and PC (43.4% ± 7.5%) subjects. Cancer is characterized by enhanced oxidative stress and increased inflammation, which may be exaggerated with COVID-19 related depression. High oxidative stress and compromised antioxidant homeostasis exerts alterations in DNA, leading to formation of neo-antigens, subsequently leading to the generation of antibodies. COVID-19 pandemic related depression needs to be addressed globally for improved cancer patient care and cancer disease management.
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1 INTRODUCTION
Cancer is a chronic inflammatory disease and one of the leading causes of death worldwide. According to the latest data by WHO (world Health Organization), one in eleven females and one in eight males died due to cancer worldwide in 2022 (World Health Organization, 2020). During the COVID-19 pandemic, due to burden on the healthcare system, many cancer patients suffered delays in treatment, arising from limited access to necessary medical facilities.
At the start of 2020, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spread around the world at a very fast pace, and was declared a pandemic by the WHO (Cucinotta and Vanelli, 2020). The pandemic caused a negative impact on social life styles, healthcare systems and economic conditions of individuals worldwide leading to distress, stress and anxiety (Choi et al., 2020; Daly and Robinson, 2022). Infected individuals present mild to severe symptoms, which may include respiratory distress, and in severe cases multi-organ failure or even death. The primary reason for inflammatory changes is the excessive production of cytokines (Sherwani and Khan, 2020). Extended periods of lockdown, social distancing norms and other mandatory protective practices at home and in the workplace impacted levels of physical activity as well as the mental health of individuals, subsequently leading to anxiety and depression among a large population (Trabelsi et al., 2021; van der Werf et al., 2021). Several studies have already been published on depression during unprecedented COVID-19 pandemic (Wan Mohd Yunus et al., 2021; Bueno-Notivol et al., 2021). Depression rates were found to increase in several countries impacting the mental health status of populations (Bueno-Notivol et al., 2021). All age groups were affected due to an overall increase in physiological stress, fear, anxiety and depression (Rodríguez-Hidalgo et al., 2020; Saraswathi et al., 2020).
The burden of a cancer diagnosis itself causes immense psychological and physiological stress in patients, which might have been further aggravated due to the stress and uncertainty of the pandemic too. Increased oxidative stress is found in cancer patients as well as in depressed individuals. Increased generation of reactive species cause non-repairable damage in cells, causing cell death (Hussain et al., 2016). Inflammatory cytokines directly and indirectly play an important role in enhancing oxidative stress and through multiple pathways support tumor cell progression (Kartikasari et al., 2021). Extensive production of reactive species and disease induced redox homeostasis imbalance (Hussain et al., 2016) may cause alterations and/or degradation of biomolecules (DNA, proteins, lipid etc.)
Taking all these into account, this study has been designed to analyze the inflammatory and oxidative stress, as well as antibodies against hydroxyl radical (•OH) treated plasmid-DNA in males with BC and PC patients alone or with depression (BCD and PCD). The estimation of humoral immune status in these cancer patients with or without COVID-related depression might provide an insight into the immune imbalance associated with COVID-19 and better cancer management and palliative care.
2 MATERIALS AND METHODS
Complete and incomplete Freund’s adjuvant, Dialysis tubing cellulose membrane pUC18 plasmid DNA, hydrogen peroxide, PBS solution, catalase, mannitol, EDTA, SOD, IgG-alkaline phosphatase conjugate, p-nitrophenyl phosphate (Aldrich Sigma, United States). Cytokine kits (IL-6, IFN-γ and TNF-α) were purchased from R&D Systems, Minneapolis, MN, United States.
2.1 Free radical modification of plasmid DNA
Plasmid DNA (1 mg/mL) was treated with hydrogen peroxide (10 mM) and the reaction mixture was exposed to UV light at 254 nm for 30–45 min at room temperature under dark conditions. The reaction was carried out in 10 mM PBS solution at pH 7.4. The reaction induced formation of hydroxyl radicals and the reaction mixture was dialyzed against PBS solution to remove unwanted free radicals. The resultant modified plasmid DNA was stored at −80°C for further experiments (Khan et al., 2011).
2.2 Analysis of pDNA modification by spectroscopic studies
UV analysis: Both native and •OH modified pDNA were screened under UV-spectrophotometer (UV-1700, Shimadzu, Kyoto Japan) to determine change in UV intensities at 260 nm wavelength. Quenching studies using catalase (500 units/mL), mannitol (100 mM), EDTA (100 mM) and SOD (500 units/mL) were performed for the changes in the percent modifications of UV intensities at 260 nm.
2.2.1 Thermal stability
Native and modified pDNA were analysed for their stability. All the samples were treated with varying temperatures ranging from 30°C to 96°C. UV spectrophotometer was connected with a thermal chamber to increase the temperature of the sample at a rate of 1.0°C/min. All absorbance was analysed and recorded at 260 nm.
2.2.2 Fluorimetry
Fluorescence intensities were observed for both native and modified pDNA. A wavelength range of 350–600 nm was used to record the fluorescence spectra for both samples on spectrofluorometer (RF-5301, Shimadzu, Tokyo Japan) (Binsaleh et al., 2022).
2.3 Sera samples collection
Nintey sera samples were collected from patients and normal healthy subjects from June 2021—December 2021. The research study was conducted according to the Declaration of Helsinki (1964). Serum samples collected from normal healthy male (n = 15) and female (n = 15) individuals were from individuals who did not show any signs or symptoms of any disease. Fifteen serum samples were collected for each of the following groups; prostate cancer (PC), breast cancer (BC), prostate cancer with depression (PCD), and breast cancer with depression (BCD). Samples were collected from volunteers with their full written consents as per the approval of the Research Ethics Committee at the University of Ha’il; study protocol H-2021-122. Patients and healthy controls were checked using similar diagnostic procedures and the disease was confirmed by an oncologist based on the recommended procedures for prostate cancer (e.g., physical examination, antigen tests, and histopathology analysis, etc.) and breast cancer (e.g., physical examination, antigen tests, mammography, histopathology, etc.). All cancer patients included in this study exhibited metastasis at the time of diagnosis.
Demographic (age and gender) and clinical data such as fasting blood glucose (FBG), glycated hemoglobin (HbA1c), basal metabolic index (BMI), C-reactive protein (CRP)) data fasting blood glucose (FBG), glycated hemoglobin (HbA1c), basal metabolic index (BMI), C-reactive protein (CRP) etc. were also collected. FBG, HbA1c, and BMI were analyzed by the recommended prescribed procedures applied in the diagnostic clinics. Levels of CRP were measured using the latex agglutination reaction method.
Volunteers were completed a modified version of a self rating questionnaire to screen the individuals and determine their level of depression (Kroenke and Spitzer, 2002). The depression index score was evaluated as the total score from 20 questions divided by 80 (the maximum possible score). The questionnaire was discussed with a physiatrist in the College of Medicine.
Serum samples were isolated from blood collected (3–5 mL) from volunteers and serum complement proteins were deactivated by heating the samples at 56°C for half an hour and then stored at −80°C.
Exclusion criteria for the individuals and patients included individuals aged less then 18 years, pregnancy or lactation, patients using antibiotics, alcohol drinkers and smokers. Individuals with any previous history of COVID-19 disease or associated complications were excluded from this study.
2.4 Detection of carbonyl compounds
Amount of protein bound carbonyl was detected in the sera samples of cancer patients and healthy individuals, as described by a published procedure (Levine et al., 1990). Briefly, 100 μL of serum sample was mixed with 400 μL of dinitrophenyl hydrazine (DNPH). Control samples were devoid of DNPH. The mixture was incubated for 1 h at 25°C and then precipitation of DNP-hydrazones was done by adding 500 μL of trichloroacetic acid (4% w/v). The sample was centrifuged for 3–5 min at 13,000 g. To remove the non-reacted DNPH, pellet was dissolved in ethanol-ethylacetate (1:1, v/v) and then centrifuged. The centrifugation was repeated about 3–4 times, and pellet was dissolved in 0.6 mL guanidinium HCl (6M, pH 2.3). To dissolve the hydrazones completely, the sample mixture was frozen at −20 C and thawed. A 200 μL from the aliquot was read at 379 nm using ELISA reader (MR9600-415 Accuris, NJ, United States). The results were evaluated as nanomoles of carbonyl per mg of protein using a ε379 nm = 22,000 M−1cm−1.
2.5 Serum malondialdehyde contents
Serum MDA levels were identified using a comercially available ELISA kit (Elabscience, United States). Lipid oxidative stress was assessed by measuring MDA levels in serum samples. Sampes were analysed as instructed in the ELISA kit manual. Absorbance of test samples was measured at 532 nm on a microplate reader. MDA contents were calculated with the following formula:
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X1; OD of test sample—OD of control.X2; OD of standard—OD of blank.C; Standard concentration (10 nmol/mL).
2.6 Cytokine estimation
Detection and analysis of levels of inflammatory cytokines IL-6, IFN-γ and TNF-α in serum samples of cancer patients and NH subjects, was done using quantitative ELISA (sandwich) (R&D System, Minneapolis, MN, United States), with a sensitivity of less than 0.5 pg/mL for all cytokines. Each sample was assayed in three different wells.
2.7 Antibodies raised against native and •OH-pDNA
Antibodies against native and •OH-pDNA were raised in female rabbits as mentioned previously (Alouffi et al., 2018; Khan et al., 2019a). Briefly, first dose of antigens (50 μg) were emulsified with equal volume of Freund’s adjuvant (complete), and injected intramuscularly into the experimental animals. Subsequently, similar amount of antigens (50 μg) mixed with equal volume of Freund’s adjuvant (incomplete) were injected into the animals. A dose of about 400 μg antigens was received by each animal. Blood samples were collected regularly, and serum samples were separated as mentioned above and stored at −80°C. Blood samples were also collected before immunization as pre-immune sera to be used as negative controls.
2.8 Serum IgG purification
Pre-immune and immunized experimental animals serum samples were used to isolate purified IgGs using Protein-A Agarose column (Sigma-Aldrich, United States) by using a published procedure (Goding, 1978). A ratio of 1:1 (1 mL) serum sample and phosphate buffer saline (pH 7.4) were applied to Protein-A Agarose column (5 mL). Then column was cleaned 2–3 times with PBS buffer to remove unbound IgG. Acetic acid (0.6%) and NaCl (0.9%) were used to elute the bound IgGs from the column. Eluted samples were neutralized by adding 1 mL of Tris-HCl (1M, pH 8.5). Eluted fractions were analyzed on a spectrophotometer at wavelength of 251 nm and 278 nm, to calculate the concentration of IgG. The optical density of 1.4 at 280 nm is equivalent to 1.0 mg/mL of purified IgG.
2.9 Enzyme-linked immunosorbent assay
Direct binding ELISA was performed to detect the presence of antibodies against native and pDNA in healthy individuals and patients’ sera (Sherwani et al., 2022; Sherwani and Khan, 2022). Levels of antibodies against both native and modified pDNA were screened in immunized animals, as described elsewhere (Khan et al., 2020).
Competition ELISA was also done to evaluate recognition of specific antibodies from healthy control and cancer patient sera samples, as well as immunized antibodies to native and modified pDNA (Khan et al., 2020; Binsaleh et al., 2022; Sherwani et al., 2022). Briefly, both the antigens (pDNA and •OH-pDNA) at a concentration of 5 μg/mL were added to the 96 well ELISA plates and kept at room temperature for 3–4 h. ELISA plates were washed with TBS-T (Tris Buffer Saline with Tween 20) and plates were blocked with bovine serum albumin (1%). Immune complexes, formed in the test tubes using sera samples (1:100 dilutions) and varying concentrations (0–10 μg/mL) of antigens, were added and incubated for 4 h and then overnight in a refrigerator at 4°C. These immune complexes (100 µL) were transferred to the ELISA plates and incubated at room temperature for 3–4 h. ELISA plates were washed with TBS-T and anti-human IgG-alkaline phosphate conjugate was added for 1 h and again ELISA plates were washed. Then the substrate p-nitrophenyl phosphate was added, and within 20 min the microplates were read at 410 nm, using a microplate reader (MR9600-415 Accuris, NJ, United States).
2.10 Statistical analysis
Results are presented as mean ± SD. Normality tests and multiple comparison were performed using a software SPSS (16.0, Chicago, United States). Significance was calculated using the Student’s t-test. All significances were represented as p-value of <0.05.
3 RESULTS
3.1 Clinical characterization
Clinical investigations were carried out for patients with cancer alone or with depression as well (Table 1). There was slight increase in FBG and HbA1c levels in cancer patients compared to their respective healthy controls, however, the changes were not significant. Similarly, BMI and waist-to-hip ratios of cancer patients were found to be slightly higher than the healthy controls. No significant differences were observed in FBG, HbA1c, BMI and waist-to-hip ratios in patients with cancer alone or with depression.
TABLE 1 | Clinical and demographic presentation of cancer and healthy subjects.
[image: Table 1]Furthermore, clinical analyses were conducted for the sera samples of prostate and breast cancer patients for CRP, cytokines levels (IFN-γ, TNF-α and IL-6), and oxidative stress level markers (MDA and carbonyl contents) (Table 2). A significant increase (p < 0.001) in the levels of CRP was observed in prostate and breast cancer patients, which was further enhanced with accompanying depression. Also, a substantial increase (p < 0.001) in the levels of IL-6 was observed in prostate and breast cancer patients when compared to the healthy controls. However, no respectable difference in the IL-6 levels was observed in patients with cancer alone or cancer with depression. In contrast, there was a significant increase in the levels of IFN-γ and TNF-α in cancer patients with depression compared to the cancer patients (postrate and breast cancer) alone.
TABLE 2 | Oxidative stress, inflammatory marker, and inflammatory cytokines analysis of cancer patients and healthy subjects.
[image: Table 2]Oxidative stress markers were estimated in the serum samples to understand the patients’ oxidative stress levels. Postrate and breast cancer patients exhibited significantly higher levels of MDA and carbonyl contents compared to the healthy individuals. The levels of these markers were found to further increase in cancer patients with depression (Table 2).
3.2 Hydroxyl radical modification of pDNA
Native pDNA was modified using hydroxyl radicals in in vitro reaction. Modified pDNA was analyzed for structural alterations due to the presence of •OH radicals. Native and •OH-pDNA were analyzed using spectrophotometer at a wavelength 260 nm. The UV intensity was observed to increase in •OH-pDNA as compared to native pDNA (Table 3). This may be due to the exposure of the nitrogenous bases of the pDNA, upon free radical damage.
TABLE 3 | Characterization of hydroxyl radical modified plasmid DNA.
[image: Table 3]The stability of the native and modified DNA samples was also subjected to high temperatures (30°C—96°C) and UV intensities of treated samples were observed. Increased fluorescence intensity was recorded at 520 nm after the hydroxyl modification of pDNA (Table 3). This may be due to the breakdown and unwinding of pDNA and exposure of nitrogenous bases.
3.3 Quenching studies
Quenching studies were conducted using various antioxidants (mannitol, catalase, and SOD) and a metal chelating agent (EDTA), used in pDNA modification reaction mixtures (Figure 1). After the reactions all the samples were dialyzed against the PBS and the percent modifications were observed using an Absorbance of 260 nm. The modified sample, devoid of any quenching agent, was considered as positive control (100% modification). Results showed highest decrease in the modification by catalase and mannitol, both specific antioxidants for •OH and H2O2 molecules. This shows the involvement of H2O2 and •OH in pDNA modification.
[image: Figure 1]FIGURE 1 | The OH-pDNA was considered as 100% modification based on the UV analysis at 260 nm. Quenching studies were performed using catalase (500 units/mL), mannitol (100 mM), EDTA (100 mM) and SOD (500 units/mL). Antioxidant were co-incubated with the reaction during modification of the pDNA and samples were analysed at 260 nm. All the reactions were carried out in triplicates. Significance presented as p < 0.01.
3.4 Antigenicity of pDNA and •OH modified pDNA
Antigens pDNA and OH-pDNA were administered to female rabbits for up to 8 weeks (details are provided in the methods section). Blood samples were collected before the administration of antigens (pre-immune sera) and afterwards at different intervals. Immunoglobulin G was isolated from pre-immune and immune rabbit serum samples using Protein A-Agarose column. Purity was assessed for different IgG samples on 7% SDS-polyacrylamide using gel electrophoresis (data not shown).
Direct binding ELISA was used to assess the antibody production against respective antigens. IgGs raised against modified p-DNA, exhibited significantly high titre (>1:25,600) (Figure 2A). IgGs raised against native p-DNA also showed high titre (∼1:12,800) (Figure 2B). However, antibody production against the •OH-pDNA showed almost two-fold higher titre than native pDNA in immune sera samples of experimental animals. Pre-immune sera IgG exhibited low number of antibodies against both antigens.
[image: Figure 2]FIGURE 2 | Direct binding ELISA of OH-pDNA (A) and native pDNA (B) from preimmune (▲) and immune sera (■) sera samples from immunized animals. Microtitre plates were coated with 5 μg/mL of respective antigens.
Induced antibodies were isolated as mentioned above and specificities were analyzed against their immunogens using inhibition ELISA. The maximum percent inhibition (MPI) for IgGs against •OH-pDNA was determined to be 79.3% at 20 ug/mL (Figure 3A), whereas, IgGs against pDNA showed 66.1% (Figure 3B). Moreover, IgGs against •OH-pDNA showed 50% inhibition at 12.1 ug/mL. However, IgGs against pDNA exhibited 50% inhibition at 17.7 ug/mL of the antigen.
[image: Figure 3]FIGURE 3 | Inhibition ELISA of IgGs raised against OH-pDNA (A) and pDNA (B) (■) and IgGs from pre-immune sera (▲) samples. The 96-well plates were coated with pDNA and OH-pDNA (5 μg/mL). All the samples were run in triplicates.
These results indicate high production of antibodies (IgGs) against •OH-pDNA in experimental animals as compared to native pDNA. Raised antibodies were also highly specific for the modified antigen as compared to the native antigen.
3.5 Detection of serum antibodies against •OH-pDNA
The sera samples (1:100 dilutions) of all subjects were analyzed for the presence of antibodies (IgG) against native and •OH-pDNA antigens (Figure 4). Direct binding ELISA was used to screen for the levels of the antibodies against •OH-pDNA (anti-•OH-pDNA antibodies). Direct binding data showed highest binding of serum antibodies against modified antigen in breast cancer patients with depression (OD; 0.698 ± 0.078), followed by prostate cancer patients with depression (0.636 ± 0.058), breast cancer patient alone (0.506 ± 0.063) or prostate cancer patients (0.441 ± 0.066) alone. Normal human subjects did not show respectable binding against either of the antigens.
[image: Figure 4]FIGURE 4 | Direct binding ELISA of serum antibodies against native and •OH-pDNA antigen. ELISA plates were coated with the respective antigen (5 μg/mL). All the samples were tested in triplicates. Significance was represent as p < 0.05 and p < 0.01.
Serum antibody-antigen interaction specificities were tested by inhibition ELISA. In inhibition ELISA, serum samples (1:100 dilutions) were co-incubated with varying concentrations of antigens (0–10 μg/mL) for 4 h at room temperature and overnight at 4°C. Then the reaction mixture was added to the antigen coated wells. The maximum percent of inhibition at 10 μg/mL for both antigens are presented in Figure 5 for all the samples. Inhibition against modified antigen yielded highest percent inhibition in breast cancer patients with depression (68.8% ± 7.8%) (Figure 5A), followed by prostate cancer patients with depression (62.9% ± 8.3%) (Figure 5B), breast cancer patients (48.9% ± 8.1%) (Figure 5C), and prostate cancer patients (43.4% ± 7.5%) (Figure 5D). Native antigen showed negligible inhibition in all the groups. Normal human subjects did not exhibit significant inhibition with any of the antigens (Figure 5E).
[image: Figure 5]FIGURE 5 | Inhibition ELISA for cancer and normal human subjects against native and modified antigens (10 μg/mL). maximum percent inhibition at 10 μg/mL were assessed for serum samples from BCD (A), PCD (B), BC (C), PC (D) and NH serve as controls (E). Each sample was tested in triplicates and the values given are in mean ± SD.
4 DISCUSSION
Cancer disease has multifactorial etiology with concomitant involvement of several molecular components. Breast and prostate cancers are major cancer types in female and males, respectively. Cancer patients have faced several challenges during the unprecedented COVID-19 pandemic. Some of the major issues included non-availability of timely and specialized medical healthcare, limited availability of prescribed medications, and delays in follow-up procedures, etc. COVID-19 related depression further added to complications in such patients. Unnatural stress environment, which all the human beings were subject to during extended lockdown, social distancing, work from home policies extensively affected the mental health of individuals. These conditions induced anxiety and depression in large populations (Trabelsi et al., 2021; van der Werf et al., 2021). Depression was found to increase many-fold during the pandemic period, with associated negative impacts on cancer patients (Hussain et al., 2016; Bueno-Notivol et al., 2021).
Several factors may contribute to the development of cancers including lifestyle factors leading to hormone level imbalances, family history, exposure to carcinogens and pollutants, altered redox homeostasis, etc. (Anand et al., 2008). Cancer cells disrupt signaling pathways to alter oxidative metabolism (Schiliro and Firestein, 2021). Thus, there are increased levels of free radicals. Excessive free radicals have the potential to induce nucleic acid, protein and lipid degradation as well as post-translational modifications, leading to tumorigenesis (Wang et al., 2017). Serum samples of cancer patients in this study exhibited significantly high levels of oxidative stress markers such as MDA and carbonyl contents.
Cancer is a dangerous disease and patients are extremely fearful about its diagnosis and prognosis, causing high levels of distress (Smith, 2015). Long durations of anxiety and psychological distress in cancer patients lead to depression, with subsequent higher rates of mortality (Colleoni et al., 2000; Pinquart and Duberstein, 2010). One study showed various levels of depression can increase mortality rate by up to 39% (Satin et al., 2009). Considering these findings, we have designed this study, with two major types of cancer patients, i.e., breast and prostate alone or along with depression, for which clinical and immunological investigations were carried out to determine the impact and role of depression in such patients.
Cytokines play an important role in imbalance of oxidative levels and promote free radical production, which can alter DNA structure and lead to DNA mutations (Kartikasari et al., 2021). Furthermore, inflammatory cytokines are directly involved in epigenetic (Yasmin et al., 2015) and post-translational modifications (Louis and Bohjanen, 2017). In our results, cancer patients with depression exhibited higher levels of inflammatory cytokines (IFN-γ, TNF-α, and IL-6), as compared to the cancer patients without any depression. Other clinical factors (FBG, HbA1c, and BMI) were also analyzed, however, no remarkable changes were observed between patients and the healthy controls. An important inflammatory marker, CRP, was also found at significantly elevated levels in BC, PC, BCD, and PCD compared to NH. However, the levels of CRP were higher in breast and prostate cancer patients with depression as compared to BC and PC patients, respectively.
Plasmid DNA was modified using hydroxyl radical, and the structural alterations were observed using various biophysical characterizations (spectroscopy and fluorometry). Significant changes were found after the •OH modification of pDNA, as compared to the native form.
Modified and native antigens were introduced into experimental animals to check their antigenicity. •OH-pDNA exhibited a twofold higher antibody titre after eight doses of the antigen as compared to native pDNA. Antibody raised against •OH-pDNA was found to be more specific to its antigen and gave 50% inhibition at lower concentrations as compared to its native form. These results showed •OH-pDNA is more immunogenic and produced higher amounts of antibodies in animal model.
Previous studies showed the presence of autoantibodies against various antigens in cancer patients with depression (Khan et al., 2019b; Khan and Khan, 2020). In this study pDNA and •OH-pDNA were used as antigens and cancer patients’ sera samples were screened for the presence of antibodies against these antigens. Direct binding ELISA showed, antigen •OH-pDNA was recognized by higher levels of antibodies in cancer patients. Highest levels of anti-•OH-pDNA Abs were detected in breast cancer patients with depression followed by prostate cancer patients with depression. Comparatively, breast cancer and prostate cancer patients showed significantly lower levels of antibodies against the modified antigen. However, this level was still higher than the level of antibodies in normal human subjects. Serum anti-•OH-pDNA Abs were tested for their specificity using inhibition ELISA, which further ascertained direct binding results. Highest levels of percent inhibition were detected in BCD followed by PCD.
The findings from our study indicate that COVID-19 related depression in male (Prostate cancer) and female (breast cancer) cancer patients caused increased levels of oxidative stress, resulting in alterations in nucleic acid molecules. Additionally, higher levels of proinflammatory cytokines in depressed cancer patients further exaggerated destruction due to molecular alterations. Modified antigen showed high recognition of serum antibodies compared to the native antigen. Cancer patients with depression showed the higher levels of anti-•OH-pDNA Abs compared to the cancer patients without depression.
5 CONCLUSION
Cancer management has been extremely challenging during COVID-19 pandemic as there have been a lack of medical facilities and oncologists or physicians as well as limited availability of prescribed medications. Additionally, COVID-19 induced depression in a large population, including cancer patients. Increased serum levels of oxidative stress markers, inflammatory cytokines and an inflammatory marker were detected in BCD and PCD as compared to BC and PC patients. High levels of serum antibodies against •OH-pDNA were detected in BCD and PCD as compared to BC and PC patients. Furthermore, inhibition ELISA also substantiated results of binding studies for the presence of antibodies against hydroxyl radical modified pDNA in BCD and PCD, as compared to BC and PC subjects. Thus, elevated levels of oxidative stress and inflammatory conditions, concomitant with depression in cancer patients cause increased generation of circulatory antibodies against autoantigens, which could lead to disease progression and development of additional complications. Thus, it is high time to address the impact of COVID-19 pandemic related depression on the mental health of cancer patients in an effort to provide focused medical care, treatment options and better overall disease management.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by Research Ethics Committee at the University of Ha’il; study protocol H-2021-122. The patients/participants provided their written informed consent to participate in this study. The animal study was reviewed and approved by Research Ethics Committee at the University of Ha’il; study protocol H-2021-122.
AUTHOR CONTRIBUTIONS
NB and SS designed the study. NB, SS, RE, and SR conducted the clinical and immunological part of the study. HQ, AB, MA, and MH conducted the modification and characterization of the antigens. Statistical analysis done by NB. HQ, AB, MA, and MH reviewed and edit the manuscript.
FUNDING
This research has been funded by the Scientific Research Deanship at University of Ha’il—Saudi Arabia [project number (RG-21111)].
ACKNOWLEDGMENTS
All authors thank the Scientific Research Deanship at University of Ha’il—Saudi Arabia [project number (RG-21111)].
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Alouffi, S., Sherwani, S., Al-Mogbel, M. S., Sherwani, M., and Ali Khan, M. (2018). Depression and smoking augment the production of circulating autoantibodies against glycated HSA in rheumatoid arthritis patients. Int. Arch. Allergy Immunol. 177 (2), 1–11. doi:10.1159/000489896
 Anand, P., Kunnumakara, A. B., Sundaram, C., Harikumar, K. B., Tharakan, S. T., Lai, O. S., et al. (2008). Cancer is a preventable disease that requires major lifestyle changes. Pharm. Res. 25, 2097–2116. doi:10.1007/s11095-008-9661-9
 Binsaleh, N. K., Eltayeb, R., Qanash, H., Aziz, M. A., Albaradie, R., and Khan, M. W. A. (2022). Presence of circulatory autoantibodies against ROS-modified histone H1 protein in lymphoma patients. Front. Genet. 13, 909903. doi:10.3389/fgene.2022.909903
 Bueno-Notivol, J., Gracia-García, P., Olaya, B., Lasheras, I., López-Antón, R., and Santabárbara, J. (2021). Prevalence of depression during the COVID-19 outbreak: A meta-analysis of community-based studies. Int. J. Clin. Health Psychol. 21 (1), 100196. doi:10.1016/j.ijchp.2020.07.007
 Choi, E. P., Hui, B. P., and Wan, E. Y. (2020). Depression and anxiety in Hong Kong during COVID-19. Int. J. Environ. Res. Public Health. 17 (10), 3740. doi:10.3390/ijerph17103740
 Colleoni, M., Mandala, M., Peruzzotti, G., Robertson, C., Bredart, A., and Goldhirsch, A. (2000). Depression and degree of acceptance of adjuvant cytotoxic drugs. Lancet 356, 1326–1327. doi:10.1016/s0140-6736(00)02821-x
 Cucinotta, D., and Vanelli, M. (2020). WHO declares COVID-19 a pandemic. Acta Biomed. 91 (1), 157–160. doi:10.23750/abm.v91i1.9397
 Daly, M., and Robinson, E. (2022). Depression and anxiety during COVID-19. Lancet 399 (10324), 518. doi:10.1016/s0140-6736(22)00187-8
 Goding, J. W. (1978). Use of staphylococcal protein A as an immunological reagent. J. Immunol. Methods. 20, 241–253. doi:10.1016/0022-1759(78)90259-4
 Hussain, T., Tan, B., Yin, Y., Blachier, F., Tossou, M. C. B., and Rahu, N. (2016). Oxidative stress and inflammation: What polyphenols can do for us?Oxid. Med. Cell. Longev. 2016, 1–9. doi:10.1155/2016/7432797
 Kartikasari, A. E., Huertas, C. S., Mitchell, A., and Plebanski, M. (2021). Tumor-induced inflammatory cytokines and the emerging diagnostic devices for cancer detection and prognosis. Front. Oncol. 11, 692142. doi:10.3389/fonc.2021.692142
 Khan, M. W. A., Banga, K., Mashal, S. N., and Khan, W. A. (2011). Detection of autoantibodies against reactive oxygen species modified glutamic acid decarboxylase-65 in type 1 diabetes associated complications. BMC Immunol. 12, 19. doi:10.1186/1471-2172-12-19
 Khan, M. W. A., Otaibi, A. A., Sherwani, S., Khan, W. A., Alshammari, E. M., Saleem, M., et al. (2020). Glycation and oxidative stress increase autoantibodies in the elderly. Molecules 25, 3675. doi:10.3390/molecules25163675
 Khan, W. A., and Khan, M. W. A. (2020). Depression augments the production of high-affinity antibodies against estrogen metabolite-receptor complex in prostate cancer patients. J. Mens. Health. 16 (4), e72–e83. doi:10.31083/jomh.v16i4.268
 Khan, W. A., Khan, M. W. A., Sherwani, S., and Siddiqui, W. A. (2019a). Depression enhanced the production of autoantibodies against 16α-hydroxyestrone-estrogen receptor adduct in breast cancer. Int. Immunopharmacol. 66, 251–259. doi:10.1016/j.intimp.2018.11.018
 Khan, W. A., Zaman, G. S., Alouffi, S., and Khan, M. W. A. (2019b). Depression and its related parameters increased the production of autoantibodies against 16α-hydroxyestrone-albumin complex in systemic lupus erythematosus. Int. Immunopharmacol. 71, 215–223. doi:10.1016/j.intimp.2019.03.036
 Kroenke, K., and Spitzer, R. L. (2002). The PHQ-9: A new depression diagnostic and severity measure. Psychiatr. Ann. 32, 509–515. doi:10.3928/0048-5713-20020901-06
 Levine, L. R., Garland, D., Oliver, N. C., Amici, A., Climent, I., Lenz, A. G., et al. (1990). Determination of carbonyl content in oxidatively modified proteins. Methods Enzymol. 186, 464–478. doi:10.1016/0076-6879(90)86141-h
 Louis, I. V-S., and Bohjanen, P. R. (2017). Post-transcriptional regulation of cytokine and growth factor signaling in cancer. Cytokine Growth Factor Rev. 33, 83–93. doi:10.1016/j.cytogfr.2016.11.004
 Pinquart, M., and Duberstein, P. R. (2010). Depression and cancer mortality: A meta-analysis. Psychol. Med. 40, 1797–1810. doi:10.1017/s0033291709992285
 Rodríguez-Hidalgo, A. J., Pantaleón, Y., Dios, I., and Falla, D. (2020). Fear of COVID-19, stress, and anxiety in university undergraduate students: A predictive model for depression. Front. Psychol. 11, 591797. doi:10.3389/fpsyg.2020.591797
 Saraswathi, I., Saikarthik, J., Senthil, K. K., Madhan Srinivasan, K., Ardhanaari, M., and Gunapriya, R. (2020). Impact of COVID-19 outbreak on the mental health status of undergraduate medical students in a COVID-19 treating medical college: A prospective longitudinal study. PeerJ 8, e10164. doi:10.7717/peerj.10164
 Satin, J. R., Linden, W., and Phillips, M. J. (2009). Depression as a predictor of disease progression and mortality in cancer patients: A meta-analysis. Cancer 115, 5349–5361. doi:10.1002/cncr.24561
 Schiliro, C., and Firestein, B. L. (2021). Mechanisms of metabolic reprogramming in cancer cells supporting enhanced growth and proliferation. Cells 10 (5), 1056. doi:10.3390/cells10051056
 Sherwani, S., and Khan, M. W. A. (2022). Autoantibodies against ROS-human serum albumin-A potent immunological marker in depressed individuals with smoking history. Rev. Romana Med. Lab. 30 (4), 399–411. doi:10.2478/rrlm-2022-0039
 Sherwani, S., and Khan, M. W. A. (2020). Cytokine response in SARS-CoV-2 infection in the elderly. J. Inflamm. Res. 13, 737–747. doi:10.2147/jir.s276091
 Sherwani, S., Khan, M. W. A., Mallik, A., Saleem, M., Raafat, M., Shati, A. A., et al. (2022). Seroprevalence of anti-S1-RBD antibodies in pre-pandemic and pandemic subjects from Hail region, KSA. Front. Public Health. 10, 874741. doi:10.3389/fpubh.2022.874741
 Smith, H. R. (2015). Depression in cancer patients: Pathogenesis, implications and treatment (Review). Oncol. Lett. 9 (4), 1509–1514. doi:10.3892/ol.2015.2944
 Trabelsi, K., Ammar, A., Masmoudi, L., Boukhris, O., Chtourou, H., Bouaziz, B., et al. (2021). Globally altered sleep patterns and physical activity levels by confinement in 5056 individuals: ECLB COVID-19 international online survey. Biol. Sport 38 (4), 495–506. doi:10.5114/biolsport.2021.101605
 van der Werf, E. T., Busch, M., Jong, M. C., and Hoenders, H. J. R. (2021). Lifestyle changes during the first wave of the COVID-19 pandemic: A cross-sectional survey in The Netherlands. BMC Public Health 21, 1226. doi:10.1186/s12889-021-11264-z
 Wan Mohd Yunus, W. M., Badri, S. K., Panatik, S. A., and Mukhtar, F. (2021). The unprecedented movement control order (lockdown) and factors associated with the negative emotional symptoms, happiness, and work-life balance of Malaysian University students during the coronavirus disease (COVID-19) pandemic. Front. psychiatry 11, 566221. doi:10.3389/fpsyt.2020.566221
 Wang, S., Wang, N., Zheng, Y., Zhang, J., Zhang, F., and Wang, Z. (2017). Caveolin-1: An oxidative stress-related target for cancer prevention. Oxid. Med. Cell Longev. 2017, 7454031. doi:10.1155/2017/7454031
 World Health Organization (2020). Cancer. Available at: https://www.who.int/news-room/fact-sheets/detail/cancer (Accessed March 22, 2023). 
 Yasmin, R., Siraj, S., Hassan, A., Khan, A. R., Abbasi, R., and Ahmad, N. (2015). Epigenetic regulation of inflammatory cytokines and associated genes in human malignancies. Mediat. Inflamm. 2015 (1), 1–8. doi:10.1155/2015/201703
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Binsaleh, Sherwani, Eltayeb, Qanash, Bazaid, Althobiti, Hazzazi and Rajendrasozhan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fchem-11-1192074-g005.gif
}?gumnmmm Ll

FE T;Jmf?w






OPS/images/fchem-11-1192074-t001.jpg
Groups Menopausal Disease Fasting blood HbA1lc  BMI (kg/m?  Waist-to-

status (number) duration glucose (%) hip ratio
(mg/dL)

NH-M 15 48+ 121 - 84371 534+008 ‘ 2361 £287 | 078 £0.073

NH-F 15 47117 - 855+ 63 537 +0.09 ‘ 2321£293 | 079 £0.076

Prostate cancer 15 49£ 126 841 87.1£85 553 +0.11 ‘ 2411£304 | 0810074

Breast cancer 15 48+ 133 7436 869+ 85 551 +0.13 ‘ 2491£293 | 082 £0.079

Prostate cancer 15 58+ 145 945 87.8+ 84 5554012 | 2511£309 | 0810073

with depression
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All the patients included were of metastasis stage at the time of diagnosis. All the patients were on chemotherapy with other medications. Subcategories of any cancer is not defined. Each sample

was run in triplicate. All data is given as mean + standard deviation (SD).
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Each sample was run in three different wells. Values are presented as mean + standard deviation. *p < 0.05, **p < 0.01, ***p < 0.001. Statistical values were evaluated by comparing healthy

conitrols:with pender iatched patients:
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Significant changes were representing as **p < 0.01; ***p < 0.001. Exc. and nm represent excitation and nanometre, For statistical analysis native p-DNA, values were compared with “OH-
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