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Background: Cysteine-rich 61 (CYR61) is implicated in many pulmonary diseases. However, the relationship between CYR61 and community-acquired pneumonia (CAP) patients was unknown. This research aimed to estimate the correlations of serum CYR61 with severity and prognosis in CAP patients through a prospective cohort study.

Methods: All 541 CAP patients were enrolled in this study. Fasting venous blood was collected. Clinical characteristics and demographic information were obtained. CYR61 and inflammatory cytokines were detected in serum using ELISA.

Results: Serum CYR61 was gradually increased in parallel with severity scores in CAP patients. Correlative analysis indicated that serum CYR61 was strongly associated with many clinical parameters in CAP patients. Moreover, mixed logistic and linear regression models found that there were positive correlations between serum CYR61 and CAP severity scores after adjusted for age, BMI, and respiratory rate. Stratified analyses suggested that age affected the associations between serum CYR61 and severity scores. On admission, higher serum CYR61 levels elevated the risks of mechanical ventilation, vasoactive agent, ICU admission, death, and longer hospital stays during hospitalization. Moreover, serum CYR61 in combination with severity scores upregulated the predictive capacities for severity and death than single serum CYR61 or severity scores in CAP patients.

Conclusion: There are significantly positive dose-response associations of serum CYR61 on admission with the severity and adverse prognostic outcomes, demonstrating that CYR61 is involved in the pathophysiology of CAP. Serum CYR61 may be used as a potential biomarker for the diagnosis and prognosis in CAP patients.
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Introduction

Community-acquired pneumonia (CAP), one of the most frequent infectious diseases, is a significant cause of mortality worldwide (1, 2). At the present, CAP is still one of the most significant reasons for mortality in children under the age of 5 years and the elderly, accounting for more than 2 million deaths globally annually (3–5). Simultaneously, CAP is a principal consideration for hospitalization annually (6). It is generally believed that the bacterium that triggers CAP is Streptococcus pneumoniae. Moreover, pathogen detection reveals that exposure to atypical pathogens, such as Legionella pneumophila, Staphylococcus aureus, gram-negative bacilli, fungal, or parasitic organisms, can also evoke CAP (7–9). Despite the quick progress of therapeutic methods and detected technology, the mortality of CAP is still high in the whole world (10, 11). Therefore, earlier CAP diagnosis can effectively improve targeted therapy and facilitate the rational use of clinical drugs. In addition, it helps reduce treatment costs and adverse side effects for CAP patients.

Cysteine-rich protein 61 (CYR61), also known as CCN1, is a member of the CCN family proteins. CYR61 is a secretory protein, which is related to the extracellular matrix (12). Recent studies have found that CYR61 exerts significant roles in maintaining cell survival, proliferation, adhesion, migration, angiogenesis, apoptosis, aging, and senescence and in activating many singling transduction pathways (13–15). In addition, the associations between CYR61 and pulmonary diseases are getting more attention. A previous study has revealed that CYR61 is richly expressed in pulmonary epithelial cells (16). Several reports indicated that CYR61 is increased in different factors-evoked acute lung injury models (17, 18). On the contrary, CYR61 is elevated in lung tissues of idiopathic pulmonary fibrosis patients (19). Moreover, two recent reports suggested that the expressions of mRNA and protein are upregulated in the lung tissues of chronic obstructive pulmonary disease (COPD) patients compared with non-smokers (20, 21). However, the association between CYR61 and CAP was unknown.

So far, there was no relative report about the relationship between CYR61 and CAP. Nevertheless, the expression of CYR61 is elevated in patients with coronavirus disease 2019 (22). In addition, many studies have demonstrated that the levels of CYR61 are upregulated in inflammatory diseases, such as Graves’ orbitopathy, rheumatoid arthritis, and pulmonary hypertension (23–25). CAP is also one of the inflammatory and infectious diseases. So, we conjectured that CYR61 may involve in the pathophysiology of CAP. Moreover, the relationships between serum CYR61 and the prognostic outcomes were obscure in CAP patients. Therefore, the purpose of this study was to evaluate the relationships of serum CYR61 with the clinical physiological indices and the different prognostic outcomes among CAP patients based on a prospective cohort study. Our results provided evidence that serum CYR61 on admission is positively associated with the severity and poor prognosis in CAP patients.



Materials and methods


Study design and data collection

In total, 541 patients diagnosed with CAP were enrolled in this research. This research was performed at the Department of Respiratory and Critical Care Medicine, the Second Affiliated Hospital of Anhui Medical University, Hefei city, Anhui province, China. From September 2020 to July 2021, 541 available serum specimens were collected from CAP patients. The inclusion criteria were as follows: (1) newly diagnosed CAP patients who met CAP diagnostic criteria (26, 27); (2) all subjects who participated in this research and completed the follow-up research on their own will; and (3) all CAP patients who had not undergone any treatment and intervention before they participate in this research. The exclusion criteria were as follows: (1) less than 18 years old; (2) pregnant women; (3) other drugs, such as antibiotics, antiviral drugs, and glucocorticoids, administered over the week; (4) CAP patients complicated with other diseases, such as autoimmune disease, pulmonary malignancy, COPD, several respiratory infectious diseases, asthma, and bronchiectasis; (5) hospital stay less than 1 week; and (6) patients who had an attack or suffered from hospitalization in the last 6 months. For studying serum biomarkers, fasting blood specimens from CAP patients were collected before intervention or treatment (28, 29). Moreover, demographic information and clinical characteristics were obtained from the electronic medical record system in the hospital (30, 31). The severity of CAP was evaluated through CAP severity scores (CURB-65, CRB-65, SMART-COP, PSI, CURXO, and APACHE II) (32, 33).



Enzyme-linked immunosorbent assay

Before the collection of peripheral blood samples, all CAP patients must fast and limit water intake. Then, the peripheral blood specimens were centrifuged at 3,500 RPM at 4°C. The serum was packed and preserved at −-80°C in a super cold refrigerator spare (34, 35). CYR61 commercial ELISA kits (CSB-E13884h) were purchased from Cusabio, Wuhan, China.1 Tumor necrosis factor α (TNF-α; JYM0110Hu) ELISA kits were obtained from Wuhan ColorfulGene Biological Technology Co., Ltd.2 The concentrations of CYR61 and inflammatory cytokines were detected in serum through ELISA based on the previous studies with minor adjustments (36–38).



Statistical analysis

All statistical analyses were performed through the SPSS 13.0 software. The mean (standard error) was used to describe the continuous variables of the normal distribution. The median was used to show the continuous variables of the non-normal distribution. The categorical variables were expressed using frequency or percentage. The continuous variables were compared with Student’s t-test and the one-way ANOVA test. Additionally, the categorical variables were compared using the chi-square (χ2) test. The relationships between serum CYR61 and the markers of pathophysiological characteristics were analyzed in accordance with the Spearman’s correlation coefficient or Pearson’s rank correlation. Besides, binary logistical regression analysis and multinomial logistical regression analysis were used to analyze the relationships between serum CYR61 and CAP severity scores with or without adjustment for age. Moreover, the associations between serum CYR61 and the prognostic outcomes were estimated through the chi-square test and mixed logistical regression models. To exclude potential confounding factors on the relationships between serum CYR61 and CAP severity scores, stratified analyses were conducted in mixed logistic regression models. Effect modification by each covariate in relationships with serum CYR61 and CAP severity scores was estimated through adopting an interaction term of serum CYR61 multiplied by the covariates in the logistic regression mixed models. A P-value less than 0.05 (two-tailed) or 95% confidence interval (CI) not including 1 (for ordinal regression) was considered to indicate statistical significance.




Results


Characteristics of study population

Demographics information and clinical characteristics were compared and analyzed. As shown in Table 1, the median of age was 62.0 years, and female subjects accounted for 41.2% among all CAP subjects. There were 108 (20.0%) smokers in CAP patients. The average body mass index (BMI) was 22.3. The means of heart rate, respiratory rate, and saturation of peripheral oxygen were 89.4 beats per min, 19.8 breaths per min, and 94.8%, respectively. The mean of body temperature was 36.7°C on admission. The average systolic pressure and diastolic pressure was 125.2 and 75.2 mmHg, respectively. Then, the comorbidities were assessed. Among the 541 CAP patients, 146 patients presented with hypertension, 59 with diabetes mellitus, 50 with cerebral infarction, 28 with coronary heart disease, and 6 with bronchitis (Table 1). Moreover, routine blood indexes such as white blood cell (WBC), neutrophil, lymphocyte, eosinophil, basophil, procalcitonin, D-dimer, C-reactive protein (CRP), interleukin-6 (IL-6), and TNF-α were measured in CAP patients. In addition, the indicators of liver function, renal function, and myocardial function were detected. Finally, CAP severity scores were estimated in CAP patients. As shown in Table 1, the number of mild CAP cases was 428 (79.1%), and the number of severe CAP subjects was 113 (20.9%). The means of CURB-65, CRB-65, PSI, SMART-COP, and APACHE II were 1.0, 1.0, 62.0, 1.0, and 6.0 scores, respectively (Table 1). Moreover, we found that age and inflammatory cytokines, as well as CAP severity scores, were gradually elevated with increasing serum CYR61 in CAP patients.


TABLE 1    Demographic characteristics of participators at baseline.
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The levels of serum Cysteine-rich 61 in community-acquired pneumonia patients with different severity scores

The levels of serum CYR61 were detected in CAP patients with different severity scores. As shown in Figure 1A, CAP patients were divided into three grades in accordance with the CRB-65 score. The results suggested that the level of serum CYR61 was higher in the grade of ≥ 3 scores than those in the grades of 0 score and 1–2 scores in CAP patients. According to the PSI score, the content of serum CYR61 was highest in CAP patients with highest PSI score (Figure 1B). Moreover, as shown in Figure 1C, the concentration of serum CYR61 was highest in CAP patients with 7–8 scores of SMART-COP. The level of serum CYR61 was gradually increased in parallel with SMART-COP score in CAP patients. In addition, CAP patients were separated into mild and severe cases on the basis of CURXO score. As shown in Figure 1D, serum CYR61 was significantly increased in severe patients compared with mild cases. According to the CURB-65 score, the content of serum CYR61 was elevated in the grade of 3–5 scores compared with the grades of 0–1 score and 2 score among CAP patients (Figure 1E). In addition, the levels of CYR61 were compared in CAP patients with different APACHE II scores. We found that the level of serum CYR61 was higher in the grade of more than 9 scores than those in other grades (Figure 1F). Finally, the level of serum CYR61 was compared in CAP patients between bacterial infection and viral infection. The results indicated that there was no obvious difference of serum CYR61 in CAP patients between bacterial infection and viral infection (Figure 1G).
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FIGURE 1
The levels of serum CYR61 in CAP patients. (A–G) The level of serum CYR61 was measured using ELISA. (A) The levels of serum CYR61 in CAP patients with different CRB-65 score. (B) The levels of serum CYR61 in CAP patients with different PSI score. (C) The levels of serum CYR61 in CAP patients with different SMART-COP score. (D) The levels of serum CYR61 in CAP patients with different CURXO score. (E) The levels of serum CYR61 in CAP patients with different CURB-65 score. (F) The levels of serum CYR61 in CAP patients with different APACHE II score. (G) The levels of serum CYR61 in CAP patients with bacterial infection or viral infection. *P < 0.05, **P < 0.01.




Correlations between serum Cysteine-rich 61 and the clinical characteristics in community-acquired pneumonia patients

The associations of serum CYR61 and the indices of clinical characteristics were analyzed through Spearman’s correlation coefficient or Pearson’s rank correlation in CAP patients. As shown in Figure 2, although there was no obvious association of serum CYR61 with neutrophil, lymphocyte, monocyte, eosinophil, and basophil, serum CYR61 was weakly and positively associated with WBC (r = 0.148; P = 0.044) in CAP patients. Moreover, the associations of serum CYR61 with the indices of liver function, renal function, and myocardial function were assessed. The results indicated that serum CYR61 was positively related with urea nitrogen (r = 0.256; P = 0.003), aspartate aminotransferase (AST; r = 0.197; P = 0.033), and cardiac troponin I (cTnI; r = 0.221; P = 0.008) in CAP patients (Figure 2). We also found that serum CYR61 was positively correlated with procalcitonin (PCT; r = 0.414; P = 0.015) and D-dimer (r = 0.490; P < 0.001) in CAP patients. Ultimately, the correlations between serum CYR61 and inflammatory cytokines were evaluated. As shown in Figure 2, serum CYR61 was positively correlated with IL-6 (r = 0.356; P < 0.001), CRP (r = 0.260; P = 0.011), and TNF-α (r = 0.302; P = 0.007) in CAP patients.
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FIGURE 2
The relationships between serum CYR61 and clinical characteristics in CAP patients. The relationships between serum CYR61 and clinical characteristics were analyzed in CAP patients through Spearman’s or Pearson’s correlative analysis. Different colors indicate different correlation coefficients. Red color indicates the positive correlation, and blue color indicates the negative correlation. The darker the color, the stronger the correlation. * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001.




Associations between Cysteine-rich 61 and severity scores in community-acquired pneumonia patients

The associations between serum CYR61 and CAP severity scores were assessed through mixed linear and logistic regression models in CAP patients. In the mixed linear regression model, age, BMI, and respiratory rate were adjusted. The results indicated that each 1 ng/ml increase of serum CYR61 was correlated with 1.005 score (95%CI: 1.001–1.010), 1.006 score (95%CI: 1.001–1.011), 1.006 score (95%CI: 1.000–1.010), 1.006 score (95%CI: 1.002–1.010), and 1.133 score (95%CI: 1.001–1.010) changes for CURB-65, CRB-65, CURXO, SMART-COP, and APACHE II, respectively (Table 2). Moreover, mixed logistic regression model found that the severity scores of PSI and APACHE II were gradually increased in line with the tertiles of serum CYR61. Compared with the subjects from the lowest serum CYR61 group, the cases from the highest serum CYR61 group had 3.303 times increase of CURXO in CAP patients (Table 2).


TABLE 2    Associations between serum CYR61 and CAP severity scores.
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In view of the potential confounding factors, the influences of age, BMI, and respiratory rate on CAP severity scores were further estimated through subgroup analysis. Stratified analysis suggested that age modified the relationships between serum CYR61 and CURXO score (P interaction <0.05; Table 3). In CAP patients aged less than 62.0 years, serum CYR61 was positively associated with CURXO (OR = 1.008; 95%CI: 1.001–1.014). Moreover, serum CYR61 was positively related with CURXO (OR = 1.113; 95%CI: 1.005–1.345) in CAP patients more than 62.0 years. Furthermore, age also affected the associations between serum CYR61 and APACHE II score (P interaction <0.01) among CAP patients (Table 3). Moreover, there was no obvious effect of other potential variables on the associations between serum CYR61 and CAP severity scores.


TABLE 3    Stratified analysis for the associations between serum CYR61 and severity scores.
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Associations of serum Cysteine-rich 61 with the prognostic outcomes in community-acquired pneumonia patients

During hospitalization, prognostic outcomes, such as mechanical ventilation, vasoactive agent usage, ICU admission, death, and longer hospital stays, were observed and tracked up in CAP patients. Among the 541 CAP patients, there was 14 patients with mechanical ventilation in tertile 1 group, 20 patients in tertile 2 group, and 51 patients in tertile 3 group. Logistic regression analysis indicated that the relative risk (RR) in tertile 3 group (RR = 4.649; 95% CI: 1.890–11.435) was obviously higher than that in tertile 1 group. Moreover, age was adjusted. The adjusted RR in tertile 3 group (RR = 3.556; 95% CI: 1.389–9.103) was increased compared with tertile 1 group (Table 4). In addition, 6 (3.3%) cases were with vasoactive agent usage in tertile 1 group, 10 (5.5%) cases were in tertile 2 group, and 32 cases were in tertile 3 group. The RR for vasoactive agent usage was 6.283 (95% CI: 1.761–22.417) in tertile 3 group. The adjusted RR for vasoactive agent usage was 4.911 (95% CI: 1.338–18.021) in tertile 3 group (Table 4). Besides, the RR of ICU admission (4.179; 95% CI: 1.772–9.856) and adjusted RR (3.195; 95% CI: 1.300–7.855) were higher in tertile 3 group compared with tertile 1 group. Additionally, the cases of death were 4 (2.2%) in tertile 1 group, 8 (4.4%) in tertile 2 group, and 28 (15.6%) in tertile 3 group. The RR and adjusted RR were obviously elevated in higher CYR61 group than those in lower CYR61 group (Table 4). Finally, the length of hospital stay was divided into two grades, namely, longer hospital stays, ≥ 75% quantile; and lower hospital stays, <75% quantile. Logistic regression analysis found that the cases and RR were increased in tertile 3 group compared with tertile 1 group (Table 4).


TABLE 4    Adjusted relative risk for prognostic outcomes by tertiles of serum CYR61.
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The predictive power of serum Cysteine-rich 61 for severity and death in community-acquired pneumonia patients

The predictive capacity of serum CYR61 for severity was evaluated in CAP patients through receiver operating characteristic (ROC) area under the curve (AUC). As shown in Figure 3A, the predictive powers of CYR61, CAP severity scores, and serum CYR61 in combination with CAP severity scores for severe patients were as follows: CYR61, 0.811; CURB-65, 0.926; CURB-65 + CYR61, 0.933; CRB-65, 0.928; CRB-65 + CYR61, 0.930; PSI, 0.790; PSI + CYR61, 0.827; CURXO, 0.884; D-dimer, 0.780; PCT, 0.759; IL-6, 0.637; CRP, 0.518; CURXO + CYR61, 0.920; SMART-COP, 0.969; SMART-COP + CYR61, 0.970; APACHE II, 0.907; and APACHE II + CYR61, 0.933. The optimal cutoff concentration of serum CYR61 for severe patients was 182.72 ng/ml. The specificity was 59.5%, and the sensitivity was 85.3%. Moreover, the predictive powers of CYR61, CAP severity scores, and serum CYR61 in combination with CAP severity scores for death were evaluated in CAP patients. The results were as follows: CURB-65, 0.908; CURB-65 + CYR61, 0.913; CRB-65, 0.891; CRB-65 + CYR61, 0.902; PSI, 0.872; CYR61, 0.786; D-dimer, 0.772; PCT, 0.754; CRP, 0.589; IL-6, 0.579; PSI + CYR61, 0.910; CURXO, 0.902; CURXO + CYR61, 0.946; SMART-COP, 0.946; SMART-COP + CYR61, 0.960; APACHE II, 0.895; and APACHE II + CYR61, 0.948 (Figure 3B). The optimal cutoff content of serum CYR61 for death was 185.75 ng/ml. The specificity was 70.0%, and the sensitivity was 82.1%.
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FIGURE 3
The predictive capacities of different biomarkers for severity and death. (A,B) The predictive powers for severity and death were evaluated through ROC curve in many biomarkers. (A) The predictive power for severity was analyzed through ROC curve among CAP severity scores, serum CYR61, markers of inflammation, and infection. (B) The predictive power for death was estimated via ROC curve among CAP severity scores, serum CYR61, markers of inflammation, and infection.





Discussion

This research mainly estimated the correlations of serum CYR61 on admission with the severity scores and poor prognostic outcomes among CAP patients. The specific findings include serum CYR61 on admission was gradually increased in parallel with CAP severity scores; serum CYR61 on admission was positively correlated with the severity scores among CAP patients; and higher serum CYR61 on admission upregulated the risks of adverse prognostic outcomes among CAP patients. The predicative capacities of serum CYR61 in combination with PSI, CURXO, and APACHE II were higher compared with single serum CYR61 or severity scores among CAP patients.

CYR61 is a secretory protein, which is associated with extracellular matrix (12). Compelling evidence has revealed that CYR61 plays an important role in maintaining the physiological functions of cells normally (13–15). Increasing studies have found that CYR61 is highly expressed in pulmonary epithelial cells and is involved in many pulmonary diseases (16). Previous studies have demonstrated that the expression of pulmonary CYR61 is increased in many inflammatory diseases, such as acute lung injury, idiopathic pulmonary fibrosis, pulmonary hypertension, and COPD (17–21, 23). Given CAP is one of inflammatory and infectious diseases, we conjecture that CYR61 may be implicated in the pathophysiology progression of CAP. Then, the level of serum CYR61 was measured. We found that the level of serum CYR61 was increased in CAP patients compared with control subjects. In addition, the level of serum CYR61 was gradually elevated in parallel with CAP severity scores. Moreover, correlative analysis indicated that the level of serum CYR61 was strongly correlated with many clinical parameters in CAP patients. Moreover, mixed linear and logistic regression models confirmed that serum CYR61 was positively associated with CAP severity scores. Besides, we found that serum CYR61 was positively correlated with indicators of renal function, liver function, and inflammation among CAP patients. Interestingly, although there was no association of serum CYR61 with neutrophil, lymphocyte, monocyte, eosinophil, and basophil, serum CYR61 was weakly and positively correlated with the number of WBC in CAP patients. Our previous research has found that the number of lymphocyte was decreased, and the count of neutrophil was increased in CAP patients. The total WBC was slightly elevated in CAP patients compared with healthy volunteers (39). CAP led to contrary changes of lymphocyte and neutrophil. Maybe, this was the reason for the weak correlation between serum CYR61 and WBC. Therefore, these results hinted that serum CYR61 on admission is positively associated with CAP severity scores.

More and more studies have found that there are associations between CYR61 and many prognostic outcomes in a series of diseases. CYR61 is involved in the transduction of growth factor and hormone signaling, and the levels of CYR61 are always altered in several types of cancers (15). Increased level of CYR61 mRNA in primary breast cancers is associated with more advanced features and poor prognosis (40). Moreover, the higher expression of CYR61 in tumor tissues predicts a higher cancer-specific mortality and a shorter survival duration in colorectal cancer patients (41). Higher expression of CYR61 is positively associated with short overall survival time in osteosarcoma patients (42). Circulatory CYR61 is positively associated with 3-month mortality in patients with chronic kidney diseases (42). Therefore, the correlations between the level of serum CYR61 on admission and the prognostic outcomes were estimated in CAP patients. We found that the number of patients with mechanical ventilation, vasoactive agent, ICU admission, death, and longer hospital stays was gradually elevated in parallel with the increased level of serum CYR61 among CAP patients. Moreover, the predictive capacities of serum CYR61 for severity and death were evaluated through ROC curve in CAP patients. These results indicated that the predictive powers of serum CYR61 for severity and death were higher compared with frequent indicators of inflammation and infection, such as CRP, IL-6, PCT, and D-dimer in CAP patients. Moreover, single serum CYR61 did not elevate the predictive capacities for severity and death compared with CAP severity scores. However, serum CYR61 in combination with CAP severity scores obviously upregulated the predictive powers for severity and death among CAP patients. Therefore, these results hinted that serum CYR61 on admission is positively associated with the adverse prognosis in CAP patients.

Interestingly, age may affect the relationships between serum CYR16 and CAP severity scores. The influence of serum CYR61 elevation on severity scores was stronger in CAP patients aged less than 62 years compared with those aged more than 62 years. In addition, serum CYR61 was increased in CAP patients with higher age compared with lower age. Our previous studies found that elderly COVID-19 patients are more vulnerable to suffering from multiple organ injury and adverse prognosis (43–45). Moreover, a previous study has demonstrated that older CAP patients have severer symptoms and longer hospital stays (46). Our data also indicated that the older patients have higher severity scores compared with patients aged less than 62.0 years. The possible reason is that older patients with CAP have worser resistance for disease. Therefore, older age partially aggravated the CAP severity and elevated the risks of poor prognosis among CAP patients.

CYR61, a member of the matrix secreted protein, is implicated in DNA virus and microbial infection establishment and virulence (47, 48). Virus infection can directly activate Cyr61 promoter dependent on c-Jun N-terminal kinase (JNK) signal pathway and upregulate the expression of CYR61 in infectious cells (47). Lysophosphatidic acid (LPA) is a bioactive lysophospholipid that can bind to specific G protein-coupled receptors. Several studies have revealed that bacterial infection upregulates CYR61 mRNA levels through activated LPA receptors in epithelial cells (49). Moreover, TNF-α and IL-17 exposure can upregulate CYR61 level in different cells (50, 51). Nuclear factor kappa-B (NF-κB) and activator protein-1 (AP-1), two significant nuclear transcription factors, can regulate downstream inflammatory cytokines and chemokines (52). CYR61 is shown to activate NF-κB signaling pathway in macrophages and evokes the secretion of proinflammatory cytokines and chemokines (53). Besides, CYR61 directly upregulates the inflammatory cytokines production through binding of AP-1 complexes to inflammatory cytokines promoter (54). On the contrary, CYR61 inhibition can alleviate inflammation in mice (55). So, we believe that there is a positive feedback loop between inflammatory cytokines and CYR61. CYR61 elevation further upregulates the expression of inflammatory cytokines and chemokines in pulmonary epithelial cells, which finally evokes lung injury. As we all know, CAP is not only an inflammatory disease but also an infectious disease. Maybe, these are the possible reasons of CYR61 elevation in CAP patients. Consequently, CYR61 elevation may exert an important role in CAP progression.

Although this research has increased our awareness about CYR61 in CAP, it has some limitations. First, this topic was a single-center research, and more samples from multicenter research are needed in the future. Second, the expression of CYR61 was only detected in the serum. However, the levels of CYR61 were unknown in pulmonary tissues and alveolar lavage fluid of CAP patients. Third, this study had not clarified the underlying mechanism of CYR61 elevation. Additional animal and cellular experiments are needed to explore the exact mechanism of CYR61 increase in CAP patients. Fourth, serum CYR61 is not the unique indicator for CAP. The level of serum CYR61 on admission can evaluate the severity and poor prognosis. But, serum CYR61 can’t distinguish CAP or other inflammatory diseases. Finally, we are not sure whether CYR61 is the therapeutic target for CAP. Maybe more experiments in vitro and in vivo can resolve this question in the future.



Conclusion

This study mainly estimated the associations of serum CYR61 with severity and prognosis in CAP patients through a prospective cohort study. Our results found that serum CYR61 is gradually elevated in parallel with severity scores in CAP patients. Serum CYR61 on admission is positively associated with severity and poor prognosis in CAP patients, and the positive dose-response associations are obvious. Serum CYR61 in combination with severity scores elevated the predictive capacities for severity and death compared with single serum CYR61 or CAP severity scores. Our evidence suggests that CYR61 is involved in the pathophysiology of CAP. Therefore, serum CYR61 may be used as a biomarker for the diagnosis and prognosis in CAP patients.
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