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Serum 8-iso-PGF2α Predicts the Severity and Prognosis in Patients With Community-Acquired Pneumonia: A Retrospective Cohort Study
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Background: Many studies have identified the important role of 8-isoprostane (8-iso-PGF2α) in pulmonary diseases. However, the role of 8-iso-PGF2α in community-acquired pneumonia (CAP) remains unclear. Therefore, the main goal was to investigate the correlations of serum 8-iso-PGF2α with the severity and prognosis in CAP patients through a hospital-based retrospective cohort study.

Methods: All 220 patients with CAP were enrolled. Demographic information and clinical data were collected. Levels of 8-iso-PGF2α and inflammatory cytokines were detected in serum using ELISA.

Results: The levels of 8-iso-PGF2α were gradually increased in parallel with the CAP severity scores. Univariate and multivariate logistic regression analyses revealed a positive association between serum 8-iso-PGF2α and the CAP severity scores. Additionally, serum 8-iso-PGF2α levels were positively correlated with circulating inflammatory cytokines (CRP and TNFα). Serum 8-iso-PGF2α levels were increased in the patients with a longer hospital stay than those with a shorter hospital stay. Additionally, 20 patients died after hospitalization. Dead patients presented a higher serum 8-iso-PGF2α than surviving patients. A subsequent survival analysis revealed that higher serum 8-iso-PGF2α levels positively correlated with the risk of death in patients with CAP.

Conclusions: Serum 8-iso-PGF2α levels on admission are positively associated with the severity of CAP patients. Elevated serum 8-iso-PGF2α on admission prolongs hospital stay and increases the risk of death in patients with CAP, indicating that 8-iso-PGF2α may be involved in the progression of CAP and serve as an early serum prognostic biomarker for CAP.
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INTRODUCTION

Community-acquired pneumonia (CAP) is an infectious disease caused by bacteria, viruses, or several mixed infections. CAP has gradually become a significant cause of morbidity and mortality despite advancements in antibiotic treatment all over the world (1–3). CAP has a high prevalence in patients receiving treatment in the intensive-care unit. The incidence in adults is 1.6 to 11 per 1,000 adults in different countries, with rates of hospitalization between 40 and 60%. There are more than 4 million adults, accounting for more than 1 million hospital admissions per year in America. CAP has become the sixth leading cause of death (4, 5). More seriously, pneumonia is the most primary cause of death in children (6). Immediate and accurate assessment of disease severity at diagnosis or during their early evolution is critical for reducing the risk of death in patients with CAP. Although CAP severity scores have been widely received and used to diagnose CAP patients, too many indices are needed to measure it, which makes it impractical in an emergency. Consequently, its application is restricted. It is very necessary to seek a new and rapid diagnostic method and biomarker for reducing morbidity and mortality in hospitalized patients.

Because the balance between oxidants and antioxidants is sufficient to maintain normal physiological functions, the excess production of oxidants or exhaustion of antioxidants can break the balance of the lung (7, 8). The imbalance between oxidants and antioxidants evokes oxidative stress. Earlier studies have found that oxidative stress is associated with many pulmonary inflammatory diseases (9–12). Oxidative damage to lipids (lipid peroxidation) leads to the production of by-products such as 8-iso-PGF2α (8-iso-prostaglandin F2α, 8-isoprostane), malondialdehyde, lipoperoxides, lipid hydroperoxides, and hydroxy non-enal alkyne. Due to their unstable and short half-life, it is difficult to determine free radicals. 8-Iso-PGF2α, which is produced independently of the cyclooxygenase enzyme by the peroxidation of arachidonic acid, is catalyzed by free radicals (13). 8-Iso-PGF2α has been considered as the most reliable index to reflect oxidative stress in vivo because of its sensitivity and specificity (14).

An increasing number of studies have demonstrated that elevated concentrations of 8-iso-PGF2α is a common characteristic of pulmonary diseases and that it is involved in the progression of these diseases, such as chronic obstructive pulmonary disease (COPD) (15), interstitial lung disease (16), acute lung injury (17), lung cancer (18), and respiratory failure (19). However, the associations of serum 8-iso-PGF2α on admission with the severity and prognosis are unclear among CAP patients. Although no study indicated the role of 8-iso-PGF2α on CAP. We speculate that 8-iso-PGF2α takes part in the pathophysiology of CAP. However, there is no clinical research clarifying the function of 8-iso-PGF2α in CAP. Furthermore, the correlations between serum 8-iso-PGF2α with the severity and prognosis were obscure in CAP patients. The primary goal of this study was consequently, to investigate the associations between serum 8-iso-PGF2α with the severity and prognosis of CAP patients in a hospital-based retrospective cohort study.



MATERIALS AND METHODS


Subjects

This was a hospital-based retrospective cohort study. All CAP patients were admitted between May 2018 to May 2020 to the Second Affiliated Hospital of Anhui Medical University in Hefei City, Anhui Province, China. The Second Affiliated Hospital is an authoritative and large-scale general tertiary care University hospital in Anhui Province. All inpatients were enrolled from the Department of Respiratory and Critical Care Medicine. This project was approved by the Ethics Committee of the Second Affiliated Hospital of Anhui Medical University.

Inclusion criteria were that participants should: be over 18 years old and have confirmed CAP for which they were subsequently hospitalized. Exclusion criteria included that they were an outpatient, had complications from other pulmonary diseases, such as malignancy, COPD, asthma, tuberculosis, were severely immunocompromised, had an organ or bone marrow transplant. All CAP patients were eligible for this research. we obtained written agreement consent from patients or the patient's next of kin. The patients with CAP were diagnosed in accordance with the presence of lower respiratory tract infection symptoms complicated with the appearance of obvious chest CT scan, and the absence of an alternative diagnosis. All 252 patients diagnosed with CAP were confirmed and recruited. Twenty-two patients with incomplete information and 10 patients who were lost to follow-up observation were excluded from this project. Finally, 220 patients with CAP participated in this research (Figure 1).
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FIGURE 1. Flow diagram of recruitment and follow-up research in this cohort study.


To evaluate the difference of serum 8-iso-PGF2α between Control subjects and CAP patients, 110 healthy volunteers, matched with age and age were recruited. Blood samples were collected among healthy subjects. On admission, blood samples of CAP patients were collected before treatment. Serum was centrifugated, sub-packed, and stored at −80°C in a super cold refrigerator (20). Demographic data and clinical information were acquired from medical records. The severity of pneumonia was evaluated by the CAP severity scores, including pneumonia severity index (PSI), CURB-65, CRB-65, CURXO, and SMART-COP (21).



Enzyme-Linked Immunosorbent Assay

Specific commercial ELISA kits (8-iso-PGF2α) were purchased from Wuhan ColorfulGene Biological Technology Co., Ltd. Free 8-iso-PGF2α in serum were measured according to the manufacturer's protocol (22). Commercial ELISA kits (CRP, TNF-α, IL-1β, and IL-6) came from Cusabio, Wuhan, China (https://www.cusabio.com/) and were used to detect the levels of circulating inflammatory cytokines. All inflammatory cytokines were measured in accordance with the manufacturer's protocol (23).



Statistical Analysis

All statistical analysis was conducted using the Statistical Program for the Social Sciences (SPSS) software, version 22.0. The categorical variables were expressed with frequencies and percentages. The quantitative variables were represented with the mean and standard error of the mean for normally distributed data, and median (interquartile range) for non-normally distributed data. Analysis of the relationship between qualitative variables was performed with the chi-square test or Fisher's exact test, and a comparison was conducted through t test or non-parametric test. The correlations between serum 8-iso-PGF2α and inflammatory cytokines were evaluated using Spearman correlation analysis. The correlations between serum 8-iso-PGF2α with CAP severity scores and hospital stay were accessed through univariate and multivariate logistic regression. Cox regression analysis and Kaplan Meier analysis were used to determine the correlations between serum 8-iso-PGF2α and the death in CAP patients. P < 0.05 was considered statistically significant.




RESULTS


Demographic and Clinical Information

Two hundred and twenty patients (50.0% males) aged between 19 and 97 years (median 66.5 years) were recruited for this project. The median level of 8-iso-PGF2α was 30.46 pg/mL.

The demographic data and clinical information were collected and analyzed among CAP patients. As shown in Table 1, patients with CAP presenting higher and lower serum 8-iso-PGF2α levels (split at the median level) were similar in terms of gender, age, BMI, systolic pressure, and diastolic pressure. Moreover, routine blood parameters were analyzed in all patients with CAP. The numbers of white blood cells (WBC) and neutrophils, platelet-lymphocyte (PLR) ratio, neutrophil-lymphocyte (NLR) ratio, and monocyte-lymphocyte (MON) ratio were decreased, the numbers of lymphocytes were increased in patients with lower serum 8-iso-PGF2α than in patients with higher serum 8-iso-PGF2α (Table 1).


Table 1. Demographic and biochemical characteristics of CAP patients (split by median level of 8-iso-PGF2α).

[image: Table 1]

Additionally, liver function and renal function were assessed in all patients. Patients with lower 8-iso-PGF2α levels had lower levels of ALT, AST, urea nitrogen, and creatinine. There was no difference in total bilirubin, albumin, total bile acid, and uric acid levels observed between higher 8-iso-PGF2α and lower 8-iso-PGF2α patients with CAP (Table 1). In addition, serum inflammatory cytokines were determined. The levels of tumor necrosis factor (TNF)-α, interleukin (IL)-6, IL-1β, and C-reactive protein (CRP) were increased in patients with higher 8-iso-PGF2α levels (Table 1). Furthermore, disease severity was evaluated using CAP severity scores. As shown in Table 1, 45 (40.1%) cases were severe in CAP patients with higher 8-iso-PGF2α. Moreover, CAP patients with lower 8-iso-PGF2α had 29 (26.4%) severe cases. The CURB-65, CRB-65, CURXO, and SMART-COP scores were elevated in patients with higher 8-iso-PGF2α levels compared with patients with lower 8-iso-PGF2α levels.



Serum 8-iso-PGF2α Levels in Patients With CAP and Control Subjects

One hundred age- and sex-matched healthy volunteers were enrolled. Serum 8-iso-PGF2α levels were compared in CAP patients and Control subjects. As shown in Figure 2A, serum 8-iso-PGF2α was elevated in patients with CAP. Moreover, Serum 8-iso-PGF2α levels were detected in patients with different grades of CAP. As shown in Figure 2B, higher serum 8-iso-PGF2α levels were detected in patients with grade 3–5 CAP than in patients with grade 2 CAP, as defined according to the CURB-65 severity score.
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FIGURE 2. The levels of serum 8-iso-PGF2α in patients with CAP and Control subjects. (A–F) Serum 8-iso-PGF2α was measured using ELISA in CAP patients and Control subjects. (A) The levels of serum 8-iso-PGF2α were compared in patients with CAP and Control subjects. (B) The levels of serum 8-iso-PGF2α according to different grades of the CURB-65 score in patients with CAP. (C) The levels of serum 8-iso-PGF2α in different grades of CRB-65 score in patients with CAP. (D) The levels of serum 8-iso-PGF2α in different grades of the CURXO score in patients with CAP. (E) The levels of serum 8-iso-PGF2α in different grades of PSI score in patients with CAP. (F) The levels of serum 8-iso-PGF2α in different grades of SMART-COP score in patients with CAP. All data were expressed as mean ± SEM. *P < 0.05, **P < 0.01.


Te serum 8-iso-PGF2α levels in patients with different grades of CAP defined according to the CRB-65 score were analyzed. The serum 8-iso-PGF2α levels were increased in patients with grade ≥3 CAP compared with patients with grades 0 and 1–2 CAP (Figure 2C). In addition, higher serum 8-iso-PGF2α levels were detected in patients with severe CAP than in patients with mild CAP (CURXO score) (Figure 2D). According to the PSI score, serum 8-iso-PGF2α levels were higher in patients with grade IV CAP than in patients with other grades of CAP (Figure 2E). The patients with CAP were divided into different grades based on the SMART-COP score. Higher serum 8-iso-PGF2α levels were detected in patients with grades 5–6 and 7–8 CAP than in patients with grades 1–2 and 3–4 CAP (Figure 2F).



Associations of Serum 8-iso-PGF2α With Circulating Inflammatory Cytokines in Patients With CAP

The correlations between serum 8-iso-PGF2α and circulating inflammatory cytokines were explored using Spearman correlation analysis among CAP patients. As shown in Table 2, we found that serum 8-iso-PGF2α was positively correlated with CRP (r = 0.330, P = 0.003), TNF-α (r = 0.389, P = 0.001), and IL-6 (r = 0.299, P = 0.001) in CAP patients. There was no association between serum 8-iso-PGF2α and IL-6 among CAP patients.


Table 2. Associations between serum 8-iso-PGF2α and inflammatory cytokines among CAP patients.
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Association of Serum 8-iso-PGF2α Levels With Routine Blood Parameters in Patients With CAP

The correlations between serum 8-iso-PGF2α levels and routine blood parameters were determined using Spearman correlation analysis among CAP patients. As shown in Table 3, serum 8-iso-PGF2α was positively correlated with WBC (r = 0.229, P = 0.024) and neutrophil (r = 0.289, P = 0.004). Moreover, we found that serum 8-iso-PGF2α was inversely correlated with lymphocytes (r = −0.335, P = 0.001). There were also positive correlations between serum 8-iso-PGF2α and NLR (r = 0.354, P < 0.001), MON (r = 0.210, P = 0.038), and PLR (r = 0.244, P = 0.015).


Table 3. Associations between serum 8-iso-PGF2α and blood routine parameters among CAP patients.
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Association of Serum 8-iso-PGF2α Levels With CAP Severity Scores in Patients With CAP

The correlations between serum 8-iso-PGF2α levels and CAP severity scores among patients with CAP were determined using univariate and multivariate logistic regression analyses. As shown in Table 4, the univariate logistic regression analysis indicated that serum 8-iso-PGF2α levels were significantly and positively correlated with CURB-65 (OR: 1.095; 95% CI: 1.032–1.221), CRB-65 (OR: 1.308; 95% CI: 1.121–1.564), PSI (OR: 1.189; 95% CI: 1.012–1.356), SMART-COP (OR: 1.156; 95% CI: 1.085–1.305) and CURXO (OR: 1.189; 95% CI: 1.112–1.359).


Table 4. Associations between serum 8-iso-PGF2α with CAP severity scores among CAP patients.
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Multivariate logistic regression was conducted after adjustment for potential confounders. The level of serum 8-iso-PGF2α was significantly and positively associated with the CURB-65 (OR: 1.135; 95% CI: 1.056–1.198), CRB-65 (OR: 1.312; 95% CI: 1.065–1.535), PSI (OR: 1.212; 95% CI: 1.019–1.432), and CURXO (OR: 1.156; 95% CI: 1.049–1.237). No association was identified between serum 8-iso-PGF2α level and SMART-COP score (Table 4).



Higher 8-iso-PGF2α Levels Prolong Hospital Stay and Increase the Risk of Death in Patients With CAP

Serum 8-iso-PGF2α levels were measured in CAP patients with different hospital stays. As shown in Figure 3A, serum 8-iso-PGF2α levels were increased in patients whose hospital stay was more than 14 days than those whose hospital stay was <8 days and between 8 and 14 days. Moreover, 20 patients died from CAP after hospitalization. Serum 8-iso-PGF2α levels were compared between survival cases and dead patients. Serum 8-iso-PGF2α levels were reduced in survival patients compared with dead patients (Figure 3B).
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FIGURE 3. The levels of serum 8-iso-PGF2α in alive and dead CAP patients. (A,B) Serum 8-iso-PGF2α was measured using ELISA. (A) The levels of serum 8-iso-PGF2α in CAP patients with different lengths of hospital stay. (B) The levels of serum 8-iso-PGF2α in alive and dead patients. (C) Kaplan Meier plot of the probability survival of CAP patients during hospitalization. All data were expressed as mean ± SEM. *P < 0.05, **P < 0.01.


The effects of serum 8-iso-PGF2α levels on death risk were analyzed among CAP patients. As shown in Table 5, Kaplan Meier analysis revealed that serum 8-iso-PGF2α on admission displayed a markedly positive association with the risk of death (HR: 1.122; 95% CI: 1.018–1.354). Additionally, after adjusted age and sex, Cox regression analysis indicated that higher 8-iso-PGF2α levels on admission were positively associated with the risk of death (HR: 1.189; 95% CI: 1.035–1.1366). The Kaplan Meier plot suggested that CAP patients with higher 8-iso-PGF2α levels had a higher mortality rate than those with lower 8-iso-PGF2α levels on admission (Figure 3C).


Table 5. Associations between serum 8-iso-PGF2α with prognosis among CAP patients.
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DISCUSSION

To our knowledge, this is the first epidemiological study to explore the correlation between serum 8-iso-PGF2α and the severity and prognosis in patients with CAP. The major findings of this research are: (1) Serum 8-iso-PGF2α levels were higher in the severer patients with CAP. (2) Serum 8-iso-PGF2α levels were positively associated with circulating inflammatory cytokines in CAP patients. (3) Serum 8-iso-PGF2α levels were positively associated with CAP severity scores. (4) Higher serum 8-iso-PGF2α levels on admission prolonged the hospital stay and increased the risk of death in patients with CAP.

8-Iso-PGF2α is the product of an imbalance between oxidants and antioxidants in the body. The levels of 8-iso-PGF2α always reflect the status of oxidative stress in vivo (14). According to previous studies, 8-iso-PGF2α plays important roles in several respiratory diseases, and the levels of 8-iso-PGF2α are increased in patients with COPD (15), interstitial lung disease (16), acute lung injury (17), lung cancer (18), and respiratory failure (19). However, the correlations between serum 8-iso-PGF2α levels with the severity and prognosis remain obscure in CAP patients. In the present study, we found that serum 8-iso-PGF2α levels were increased in parallel with CAP severity scores among CAP patients. Further univariate and multivariate logistic regression analyses suggested that serum 8-iso-PGF2α levels were obviously and positively associated with disease severity in patients with CAP. These results indicate that 8-iso-PGF2α may be involved in the pathophysiology of CAP.

An increasing number of studies have revealed that pneumonia-induced pulmonary hyperpermeability is attributed to both the direct effects of pathogenic factors and uncontrolled host response. Some blood routine parameters and the ratios of different cell types (NLR, MON, and PLR) have been widely used to predict the prognosis of patients with CAP in recent studies (24, 25). Lymphocytes play an important role in fighting infection and motoring abnormal cells in the body. In terms of host factors, neutrophil recruitment increases the release of proinflammatory cytokines, which may contribute to the pathogenesis of CAP (25, 26). Uncontrolled excessive inflammation, neutrophil activation, and/or lymphopenia may lead to inflammatory cytokine storms and subsequent lung injury (27, 28).

Lymphopenia and elevated neutrophil counts were reported to be associated with a poor prognosis of patients with CAP (29). The lymphocyte count was reduced and neutrophil count was increased in patients with CAP with higher serum 8-iso-PGF2α levels. Additionally, NLR, MON, and PLR were elevated in patients with CAP presenting higher serum 8-iso-PGF2α. Further association analyses found that serum 8-iso-PGF2α levels were positively associated with neutrophil counts and negatively associated with lymphocyte counts. Moreover, accumulating data has clarified that circulating inflammatory cytokines are increased in patients with CAP (30, 31). In the present study, the levels of inflammatory cytokines were substantially increased in patients with CAP, presenting with higher serum 8-iso-PGF2α levels than those with lower 8-iso-PGF2α. In addition, logistic regression analysis discovered that serum 8-iso-PGF2α levels were notably and positively correlated with circulating inflammatory cytokines before and after adjustment for confounders. Moreover, elevating serum 8-iso-PGF2α levels on admission was positively associated with hospital stay and the risk of death in patients with CAP. These results provide evidence that serum 8-iso-PGF2α levels may represent a potential prognostic biomarker for patients with CAP.

8-Iso-PGF2α is a prostaglandin-like compound that is synthesized in vivo, mainly through a free radical–catalyzed peroxidation of arachidonic acid in cell membrane phospholipids. 8-Iso-PGF2α is then released to free form in serum, secretions, and urine by the action of phospholipase A2 (32). 8-Iso-PGF2α is a chemically stable end product of lipid peroxidation.

Based on accumulating evidence, oxidative stress may be involved in the pathobiology of CAP (14). Oxidative stress exerts an important role in the innate immune response, enabling the host to defend against external pathogens and evoking the secretion of inflammation mediators in the respiratory system (33). Oxidative stress also induces the production of cellular reactive oxygen species (ROS), causing cell, tissue damage, and then inflammation (34, 35). 8-Isoprostane has been widely viewed as the most reliable biomarker of lipid peroxidation due to ROS. A previous study indicated that ROS was increased in CAP patients (36, 37). ROS can peroxidize polyunsaturated fatty acids (PUFAs) to finally generate malondialdehyde and 4-hydroxy-2-nonenal. The eicosanoid PUFA arachidonic acid is peroxidized by ROS to form 8-isoprostane. An animal experiment revealed that 8-iso-PGF2α and inflammatory cytokines were increased in the chlorine inhalation-induced acute lung injury of mice (17). Urinary 8-iso-PGF2α were positively correlated with inflammatory cytokine levels in obese children (38). A randomized controlled trial indicated that the administration of N-acetylcysteine reduced oxidative and inflammatory damage in patients with pneumonia (39). Taking these studies into account, we speculate that 8-iso-PGF2α may play a detrimental role in the process of CAP. Levels of 8-iso-PGF2α could be used to reflect the levels of oxidative stress and inflammation in CAP patients.

There were limitations to the present study. (1) The number of participants was from a single center and relatively small. Larger sample sizes from multiple centers are required in future studies. Moreover, CAP patients who were not in hospital were not investigated, and other studies should resolve this by including outpatients in research. (2) The level of 8-iso-PGF2α was only detected in the serum of CAP patients. However, the levels of 8-iso-PGF2α in the sputum, bronchoalveolar lavage fluid, urine, and lung tissue of patients with CAP are unknown. Therefore, local levels of 8-iso-PGF2α will be measured in patients with CAP in future studies. (3) This study was only an epidemiological study and the causal relationship between 8-iso-PGF2α and inflammatory cytokine was unclear. Therefore, more laboratory studies are needed in the future. (4) Only free 8-iso-PGF2α was detected in the serum in this study but the total 8-iso-PGF2α in serum was unclear. (5) The level of serum 8-iso-PGF2α in CAP patients was only detected on admission. No follow-up measurement of 8-iso-PGF2α and no follow-up measurement of resulting data were observed among CAP patients.



CONCLUSIONS

In conclusion, serum 8-iso-PGF2α levels on admission to hospital are positively associated with the disease severity and circulating inflammatory cytokines in patients with CAP. Higher serum 8-iso-PGF2α levels on admission prolong the hospital stay and increase the risk of death in patients with CAP. Based on these results, 8-iso-PGF2α may have an important role in the pathophysiology of CAP. Therefore, serum 8-iso-PGF2α levels may represent a prognostic biomarker and potential therapeutic target for CAP in clinical practice.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

HZ and LF contributed to the design of the study, statistical analyses, and drafting the manuscript. LZ and JF contributed to sample collection, data interpretation and helped with drafting the manuscript. ZX and C-MF recruited patients and obtained their written informed consent. All authors participated in reviewing the manuscript and revising it critically before submission and read carefully and approved the final manuscript.



FUNDING

This study was supported by National Natural Science Foundation of China (81630084), Clinical Research Cultivation Program of The Second Affiliated Hospital of Anhui Medical University (2020LCZD15), and National Natural Science Foundation Incubation Program of the Second Affiliated Hospital of Anhui Medical University (2020GQFY05).



ACKNOWLEDGMENTS

We thank all patients and their families involved in this research. We also thank all members of Respiratory and Critical Care Medicine in the Second Affiliated Hospital of Anhui Medical University.



ABBREVIATIONS

CAP, community-acquired pneumonia; 8-iso-PGF2α, 8-iso-prostaglandin F2α; WBC, white blood cell; NLR, neutrophil-lymphocyte ratio; MON, monocyte-lymphocyte ratio; PLR, platelet-lymphocyte ratio; TNFα, tumor necrosis factor α; IL-1β, interleukin-1β; CRP, C-reactive protein.



REFERENCES

 1. Franco J. Community-acquired pneumonia. Radiol Technol. (2017) 88:621–36. doi: 10.7861/clinmedicine.12-6-538

 2. Musher DM, Thorner AR. Community-acquired pneumonia. N Engl J Med. (2014) 371:1619–28. doi: 10.1056/NEJMra1312885

 3. Lanks CW, Musani AI, Hsia DW. Community-acquired pneumonia and hospital-acquired pneumonia. Med Clin North Am. (2019) 103:487–501. doi: 10.1016/j.mcna.2018.12.008

 4. Waterer GW. Community-acquired pneumonia: a global perspective. Semin Respir Crit Care Med. (2016) 37:799–805. doi: 10.1055/s-0036-1592313

 5. Niederman MS. Community-acquired pneumonia: the U.S. perspective. Semin Respir Crit Care Med. (2009) 30:179–88. doi: 10.1055/s-0029-1202937

 6. Le Roux DM, Zar HJ. Community-acquired pneumonia in children - a changing spectrum of disease. Pediatr Radiol. (2017) 47:1392–8. doi: 10.1007/s00247-017-3827-8

 7. Tkaczyk J, Vízek M. Oxidative stress in the lung tissue–sources of reactive oxygen species and antioxidant defence. Prague Med Rep. (2007) 108:105–14.

 8. Banerjee AK, Mandal A, Chanda D, Chakraborti S. Oxidant, antioxidant and physical exercise. Mol Cell Biochem. (2003) 253:307–12. doi: 10.1023/A:1026032404105

 9. Lei J, Wei Y, Song P, Li Y, Zhang T, Feng Q, et al. Cordycepin inhibits LPS-induced acute lung injury by inhibiting inflammation and oxidative stress. Eur J Pharmacol. (2018) 818:110–4. doi: 10.1016/j.ejphar.2017.10.029

 10. Kirkham PA, Barnes PJ. Oxidative stress in COPD. Chest. (2013) 144:266–73. doi: 10.1378/chest.12-2664

 11. Dai J, Gu L, Su Y, Wang Q, Zhao Y, Chen X, et al. Inhibition of curcumin on influenza A virus infection and influenzal pneumonia via oxidative stress, TLR2/4, p38/JNK MAPK and NF-κB pathways. Int Immunopharmacol. (2018) 54:177–87. doi: 10.1016/j.intimp.2017.11.009

 12. Hong BJ, Park WY, Kim HR, Moon JW, Lee HY, Park JH, et al. Oncogenic KRAS sensitizes Lung adenocarcinoma to GSK-J4-induced metabolic and oxidative stress. Cancer Res. (2019) 79:5849–59. doi: 10.1158/0008-5472.CAN-18-3511

 13. Cracowski JL, Durand T, Bessard G. Isoprostanes as a biomarker of lipid peroxidation in humans: physiology, pharmacology and clinical implications. Trends Pharmacol Sci. (2002) 23:360–6. doi: 10.1016/S0165-6147(02)02053-9

 14. Montuschi P, Barnes PJ, Roberts LJ II. Isoprostanes: markers and mediators of oxidative stress. FASEB J. (2004) 18: 1791–800. doi: 10.1096/fj.04-2330rev

 15. Praticò D, Basili S, Vieri M, Cordova C, Violi F, Fitzgerald GA. Chronic obstructive pulmonary disease is associated with an increase in urinary levels of isoprostane F2alpha-III, an index of oxidant stress. Am J Respir Crit Care Med. (1998) 158:1709–14. doi: 10.1164/ajrccm.158.6.9709066

 16. Montuschi P, Ciabattoni G, Paredi P, Pantelidis P, du Bois RM, Kharitonov SA, et al. 8-Isoprostane as a biomarker of oxidative stress in interstitial lung diseases. Am J Respir Crit Care Med. (1998). 158: 1524–7. doi: 10.1164/ajrccm.158.5.9803102

 17. Elfsmark L, Ågren L, Akfur C, Bucht A, Jonasson S. 8-Isoprostane is an early biomarker for oxidative stress in chlorine-induced acute lung injury. Toxicol Lett. (2018) 282: 1–7. doi: 10.1016/j.toxlet.2017.10.007

 18. Gào X, Brenner H, Holleczek B, Cuk K, Zhang Y, Anusruti A, et al. Urinary 8-isoprostane levels and occurrence of lung, colorectal, prostate, breast and overall cancer: results from a large, population-based cohort study with 14 years of follow-up. Free Radic Biol Med. (2018) 123:20–6. doi: 10.1016/j.freeradbiomed.2018.05.065

 19. Garramone A, Cangemi R, Bresciani E, Carnevale R, Bartimoccia S, Fante E, et al. Early decrease of oxidative stress by non-invasive ventilation in patients with acute respiratory failure. Intern Emerg Med. (2018) 13:183–90. doi: 10.1007/s11739-017-1750-5

 20. Lim WS, van der Eerden MM, Laing R, Boersma WG, Karalus N, Town GI, et al. Defining community acquired pneumonia severity on presentation to hospital: an international derivation and validation study. Thorax. (2003) 58:377–82. doi: 10.1136/thorax.58.5.377

 21. Fei J, Fu L, Cao W, Hu B, Zhao H, Li JB. Low vitamin D status is associated with epithelial-mesenchymal transition in patients with chronic obstructive pulmonary disease. J Immunol. (2019) 203:1428–35. doi: 10.4049/jimmunol.1900229

 22. Ogawa F, Shimizu K, Muroi E, Hara T, Hasegawa M, Takehara K, et al. Serum levels of 8-isoprostane, a marker of oxidative stress, are elevated in patients with systemic sclerosis. Rheumatology (Oxford). (2006) 45:815–8. doi: 10.1093/rheumatology/kel012

 23. Fu L, Chen YH, Xu S, Yu Z, Zhang ZH, Zhang C, et al. Oral cholecalciferol supplementation alleviates lipopolysaccharide-induced preterm delivery partially through regulating placental steroid hormones and prostaglandins in mice. Int Immunopharmacol. (2019) 69:235–44. doi: 10.1016/j.intimp.2019.01.052

 24. Berhane M, Melku M, Amsalu A, Enawgaw B, Getaneh Z, Asrie F. The role of neutrophil to lymphocyte count ratio in the differential diagnosis of pulmonary tuberculosis and bacterial community-acquired pneumonia: a cross-sectional study at Ayder and Mekelle hospitals, Ethiopia. Clin Lab. (2019) 65:529–33. doi: 10.7754/Clin.Lab.2018.180833

 25. Huang Y, Liu A, Liang L, Jiang J, Luo H, Deng W, et al. Diagnostic value of blood parameters for community-acquired pneumonia. Int Immunopharmacol. (2018) 64:10–5. doi: 10.1016/j.intimp.2018.08.022

 26. Matthay MA, Ware LB, Zimmerman GA. The acute respiratory distress syndrome. J Clin Invest. (2012) 122:2731–40. doi: 10.1172/JCI60331

 27. Loughran AJ, Orihuela CJ, Tuomanen EI. Streptococcus pneumoniae: invasion and inflammation. Microbiol Spectr. (2019) 7:10. doi: 10.1128/microbiolspec.GPP3-0004-2018

 28. Antunes G, Evans SA, Lordan JL, Frew AJ. Systemic cytokine levels in community-acquired pneumonia and their association with disease severity. Eur Respir J. (2002) 209:990–95. doi: 10.1183/09031936.02.00295102

 29. Grommes J, Soehnlein O. Contribution of neutrophils to acute lung injury. Mol Med. (2011) 17:293–307. doi: 10.2119/molmed.2010.00138

 30. Bermejo-Martin JF, Cilloniz C, Mendez R, Almansa R, Gabarrus A, Ceccato A, et al. Lymphopenic Community Acquired Pneumonia (L-CAP), an immunological phenotype associated with higher risk of mortality. EBioMedicine. (2017) 24: 231–6. doi: 10.1016/j.ebiom.2017.09.023

 31. Torres A, Sibila O, Ferrer M, Polverino E, Menendez R, Mensa J, et al. Effect of corticosteroids on treatment failure among hospitalized patients with severe community-acquired pneumonia and high inflammatory response: a randomized clinical trial. JAMA. (2015) 313:677–86. doi: 10.1001/jama.2015.88

 32. Aliberti S, Morlacchi LC, Faverio P, Fernandez-Botran R, Cosentini R, Mantero M, et al. Serum and exhaled breath condensate inflammatory cytokines in community-acquired pneumonia: a prospective cohort study. Pneumonia (Nathan). (2016) 8:8. doi: 10.1186/s41479-016-0009-7

 33. Morrow JD, Awad JA, Boss HJ, Blair IA, Roberts LJ II. Non-cyclooxygenase-derived prostanoids (F2-isoprostanes) are formed in situ on phospholipids. Proc Natl Acad Sci U S A. (1992) 89:10721–5. doi: 10.1073/pnas.89.22.10721

 34. Kratzer E, Tian Y, Sarich N, Wu T, Meliton A, Leff A, et al. Oxidative stress contributes to lung injury and barrier dysfunction via microtubule destabilization. Am J Respir Cell Mol Biol. (2012) 47:688–97. doi: 10.1165/rcmb.2012-0161OC

 35. Dandekar A, Mendez R, Zhang K. Cross talk between ER stress, oxidative stress, and inflammation in health and disease. Methods Mol Biol. (2015) 1292:205–14. doi: 10.1007/978-1-4939-2522-3_15

 36. Müllebner A, Dorighello GG, Kozlov AV, Duvigneau JC. Interaction between mitochondrial reactive oxygen species, heme oxygenase, and nitric oxide synthase stimulates phagocytosis in macrophages. Front Med. (2018) 4:252. doi: 10.3389/fmed.2017.00252

 37. Chen Y, Luo G, Yuan J, Wang Y, Yang X, Wang X, et al. Vitamin C mitigates oxidative stress and tumor necrosis factor-alpha in severe community-acquired pneumonia and LPS-induced macrophages. Mediators Inflamm. (2014) 2014:426740. doi: 10.1155/2014/426740

 38. Selvaraju V, Ayine P, Fadamiro M, Babu JR, Brown M, Geetha T. Urinary biomarkers of inflammation and oxidative stress are elevated in obese children and correlate with a marker of endothelial dysfunction. Oxid Med Cell Longev. (2019) 2019:9604740. doi: 10.1155/2019/9604740

 39. Zhang Q, Ju Y, Ma Y, Wang T. N-acetylcysteine improves oxidative stress and inflammatory response in patients with community acquired pneumonia: a randomized controlled trial. Medicine (Baltimore). (2018) 97:e13087. doi: 10.1097/MD.0000000000013087

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 © 2021 Zheng, Fei, Feng, Xu, Fu and Zhao. 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/fmed-08-633442-t002.jpg
Variables

CRP
TNF-e
IL-1p
IL-6

0.330
0.389
0.299
—-0.043

0.003
0.001
0.001
0.764






OPS/images/fmed-08-633442-t003.jpg
Variables

WBC
Neutrophil
Lymphocyte
NLR

MON

PLR

0.229
0.289
-0.335
0.354
0.210
0.244

0.024
0.004
0.001

<0.001
0.038
0.015





OPS/images/fmed-08-633442-g003.gif





OPS/images/fmed-08-633442-t001.jpg
Variables 8-is0-PGF2a < 8-is0-PGF20 > P

median (110) median (110)
Meale, n (%) 56(51.0) 54 (49.0) 0.254
Age (years) 55,63 £ 2.77 7155 +2.03 0031

BMI 230+052 224077 0.354
Systolic pressure (mmHg) 1195 % 2.39 1259322 0214
Diastolic pressure (mmHg) 745+ 1.54 72.4+1.42 0.198
WBC (10°4) 7.67 091 890063 0,006
Neutrophil (107/L) 6.87 & 1.61 7.08+058 0,002
Lymphocyte (10%/1) 1.96+£0.43 118 £0.09 0.001

NLR 528+ 1.13 807 083 <0001
MON 033003 057 0,07 0,005
PLR 205.1 23,06 2576419832 0022
ALT (UIL) 31.90 £4.47 24.7 £3.05 0,042
AST (UL) 3233+ 4.47 31.49 £ 3.11 0.568
Total bilubin (umol/L) 13,31+ 166 1320+ 1.08 0554
Albumin (g/L) 3543 +0.93 30.66 + 0.83 0.852
Total bile acid (umol/L) 383064 453077 0479
Urea niftrogen (mmol/L) 556+ 0.35 6.49% 058 0,036
Creatinine (mol/L) 6122614 7482+7.92 0,035
Uric acid (umol/L) 281.7 + 12,30 27671953 0059
TNFa (pg/mL) 549.9 +56.30 9303+8322 0001

IL-18 (pg/mL) 350.2 +32.58 5935+7933 0013

IL-6 (pg/mL) 244.4 +17.59 164.8 + 52,28 0018

CRP (mg/L) 385+851 779+ 1124 0043

CURB-65 1.0(0,20) 20(10,40) <0001
CRB-65 1.0(0,1.75) 20(10,80) <0001
PsI 63.0 (45.0, 96.8) 123.0(82.0, 151.0)  <0.001
CURXO [Severe, n (%) 29(26.4) 45 (40.1) 0022

SMART-COP 1.0(0,20) 5.0(1.0,7.0) <0.001





OPS/images/fmed-08-633442-t004.jpg
Variables Univariate (95% CI) P

CURB-65 1.096 (1.082, 1.221)  0.005

CRB-65 1.308 (1.121, 1.564) <0.001
PsI 1.189(1.012, 1.356)  0.002
SMART-COP  1.156 (1.085, 1.305)  0.021
CURXO 1.189 (1.112, 1.359) <0.001

*Adjusted for age, sex, neutrophil and lymphocyte.

Multivariate (95% CI)*

1.135 (1.066, 1.198)
1.312 (1065, 1.535)
1.212 (1019, 1.432)
1.165 (0.895, 1.912)
1.156 (1.049, 1.237)

P

0.038
<0.001
0.009
0.201
0.021





OPS/images/fmed-08-633442-t005.jpg
Variables Kaplan Meier (95% Cl) P Cox regression (95% Cl)* P

Death 1.122(1.018,1.354)  0.011 1.189 (1.035, 1.366) 0.045

*Adjusted for age and sex.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Serum 8-iso-PGF2α Predicts the Severity and Prognosis in Patients With Community-Acquired Pneumonia: A Retrospective Cohort Study



		Introduction



		Materials and Methods



		Subjects



		Enzyme-Linked Immunosorbent Assay



		Statistical Analysis







		Results



		Demographic and Clinical Information



		Serum 8-iso-PGF2α Levels in Patients With CAP and Control Subjects



		Associations of Serum 8-iso-PGF2α With Circulating Inflammatory Cytokines in Patients With CAP



		Association of Serum 8-iso-PGF2α Levels With Routine Blood Parameters in Patients With CAP



		Association of Serum 8-iso-PGF2α Levels With CAP Severity Scores in Patients With CAP



		Higher 8-iso-PGF2α Levels Prolong Hospital Stay and Increase the Risk of Death in Patients With CAP







		Discussion



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Serum 8-iso-PGF2a Predicts the
Severity and Prognosis in Patients
With Community-Acquired
Pneumonia: A Retrospective
Cohort Study





OPS/images/fmed-08-633442-g001.gif





OPS/images/fmed-08-633442-g002.gif
2 ig
- k3
F § is
3 i 73
: it
B ;
8 e & ° F Y P °
(w9 mz40q 0srs unes (uibd) pzgogostg wns

GURB-65 score
PSI score

.8 § & =
(wB0) Dz40d-osig wns.

Convr | caAP.
Mg Severe
CURXO score

& ° & e

8 g ]
< QiA) oo osig wnies o (W69) oziogosg wnies









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





