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Adult-onset Still’s disease (AOSD) is a systemic, multifactorial, autoinflammatory disease for which the etiopathogenesis is not well understood. Given the similarities in clinical and laboratory features between this disease and sepsis, and the differences in treatment strategies for these two diseases, specific diagnostic markers are crucial for the correct diagnosis and management of AOSD. Previous studies have shown plasma heparin-binding protein (HBP) is a promising potential biomarker for AOSD; thus, this study aimed to detect serum HBP levels in patients with AOSD or sepsis to assess its potential as a biomarker for differential diagnosis. We found that serum HBP levels were significantly higher in patients with active AOSD than that in those with inactive AOSD. Patients with sepsis had higher serum HBP levels compared with those who had active or inactive AOSD. We calculated the area under the receiver operating characteristic (ROC) curve to assess whether HBP could be used to differentiate active from inactive AOSD; this was 0.811 with sensitivity 0.650, specificity 0.811, and cutoff HBP value of 35.59 ng/ml. The area under the ROC curve for HBP as a biomarker to differentiate AOSD from sepsis was 0.653, with sensitivity 0.759, and specificity 0.552, and cutoff HBP value of 65.1 ng/ml. Taken together, the results of our study suggest that serum HBP could be a useful diagnostic biomarker to evaluate disease activity in patients with AOSD, and to differentiate AOSD from sepsis.
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Introduction

Adult-onset Still’s disease (AOSD) is a rare, systemic autoinflammatory disorder, typically characterized by spiking fever, arthritis or arthralgia, rash and increased serum ferritin; other frequently observed clinical features include a sore throat, enlargement of the liver and spleen, and swelling of the lymph nodes (1–3).

Chronic AOSD occurs in episodes of activity, or ‘flares’; during a disease flare, laboratory tests often show raised erythrocyte sedimentation rates and C-reactive protein levels, along with high levels of ferritin (4). However, currently, there are no established diagnostic criteria for AOSD. In clinical treatment, this disease is typically diagnosed according to clinical characteristics and laboratory parameters after acute infection (especially sepsis), malignancy and other autoimmune or autoinflammatory diseases have been ruled out (5). However, in clinical practice, differentiating AOSD from sepsis remains challenging. Sepsis is a life-threatening complex condition that results in a dysregulated host response to severe infection, acute organ dysfunction, and high morbidity and mortality in hospitals (6); clinical characteristics and symptoms overlap with AOSD, and therefore in some cases it is difficult to differentiate between these conditions. However, the treatment plans for AOSD and sepsis are very different: sepsis may be treated with antimicrobial agents, while AOSD may require immunosuppressive therapy, which can reduce immune resistance and cause or aggravate infection in sepsis patients (7). Early identification of AOSD is therefore vital for efficient and successful clinical management of this disease.

Several studies have made progress in distinguishing the two diseases clinically in their early phases, but few potential biomarkers for AOSD with sufficiently high sensitivity and specificity have been identified. Previous studies indicate that levels of C-reactive protein, procalcitonin, lactate, some cytokines such as interleukin 18 (IL-18) and white blood cells (8–12) could help to distinguish between AOSD and sepsis. However, there were some reviews or meta-analysis indicated that these potential indicators have limited specificity in clinical practice (8, 13, 14).

Recently, a prospective cohort study in China (15) found that serum heparin-binding protein (HBP) levels in patients with sepsis were significantly higher than in those with localized infections; HBP also had a higher value for the area under the receiver operating characteristic (ROC) curve than other parameters currently used for identifying sepsis (14). HBP is released by neutrophils in the blood as part of the innate immune response, which is the first line of defense against bacteria or other pathogens (16). Studies have shown that HBP is the key mediator of neutrophil-induced vascular endothelial permeability, which can amplify systemic inflammatory responses by inducing cytoskeletal rearrangement and resulting in vascularity and neutrophil exosmosis and aggregation (17, 18). Plus, HBP could be an early biomarker to evaluate the severity of sepsis (18). HBP may also be positively correlated with C-reactive protein and procalcitonin, other indicators of inflammation, in inflammatory diseases (19). Recently, in a study of people with symptoms of coronavirus (COVID-19), some of those with a rheumatologic background also had high serum HBP levels, though they were not ultimately diagnosed with a viral infection or sepsis; this indicates that high HBP levels may be associated with autoinflammatory diseases.

HBP (also called azurocidin, cationic protein or CAP37), with a molecular weight of 37kDa, is a serine protease derived from polymorphonuclear neutrophils (20). Serum HBP is an established diagnostic marker of sepsis (19, 21–24), circulatory failure (19), acute kidney injury (25–28), acute lung injury/acute respiratory distress syndrome (26, 29, 30) and other infectious diseases (31). However, until now, no research has investigated whether HBP levels could contribute to the identification of autoinflammatory diseases such as AOSD. Thus, we compared serum HBP levels in a cohort of patients with AOSD and those with sepsis to determine whether HBP could be used as a biomarker to differentiate between these conditions; we also explored whether HBP levels could be used to distinguish between active and inactive disease states in AOSD.



Materials and Methods


Study Design and Recruitment

Patients with AOSD diagnosed according to the Yamaguchi criteria (5), those with sepsis or septic shock according to the Sepsis-3 definitions (32), and a control group of healthy individuals (without history of chronic diseases such as diabetes, hypertension and heart disease; normal parameters of complete blood count and biochemical panel) were recruited from Ruijin Hospital (Shanghai, China). Patient characteristics (such as age and gender), medical histories (mainly symptoms and signs at the time of onset or remission) and laboratory testing results (such as a complete blood count, liver and renal function tests, CRP and ferritin) were reviewed. The aim of this study was to determine the correlation of serum HBP level with disease activity and laboratory parameters in AOSD patients and to explore its possible role as a new biomarker for differential diagnosis between AOSD and sepsis.

AOSD disease activity was assessed according to the modified Pouchot score proposed by Rau and colleagues (33), which takes into account the presence or absence of each of the following 12 clinical features: fever, rash, sore throat, arthritis/arthralgia, myalgia, pleuritis, pericarditis, pneumonitis, lymphadenopathy (enlarged lymph glands), hepatomegaly (enlarged liver) or abnormal liver function (elevated liver enzymes), leukocyte count > 15,000/μl, and serum ferritin > 3000 μg/L.

Patients with AOSD in this study were included in the ‘active’ AOSD subgroup if they had not received any treatment for their condition (treatment-naïve) at the onset of the disease and met two or more of the following diagnostic criteria of AOSD: spiking fever, inflammatory arthralgia/arthritis, transient rash, and pharyngitis or sore throat. If they did not meet these criteria, and AOSD-related histopathological tests had been normal for at least two consecutive months, they were included in the ‘inactive’ subgroup of patients with the disease (34, 35).



Ethical Approvals and Patient Consent

This study was approved by the Institutional Research Ethics Committee of Ruijin Hospital (2016-62), Shanghai, China.



Blood Samples

Venous blood samples for the measurement of HBP were obtained. All blood samples were spun in a centrifuge at 3000 revolutions per minute at 4°C for 10 minutes. Serum levels of HBP were measured in an enzyme-linked immunosorbent assay (ELISA) using a commercially available ELISA kit (Joinstar Biomedical Technology Co., LTD, China, HBP20S1A02F) according to the manufacturer’s standard protocol using a Jet-iStar 3000 rapid immunoassay analyzer.



Statistical Analysis

All statistical analyses were performed using the IBM SPSS statistics package (version 23.0). Figures were prepared using GraphPad Prism version 6.0 (GraphPad Software). Continuous data were presented as mean ± standard error of mean (SEM) or mean with standard deviation (SD), and categorical data were presented as absolute numbers and percentages. As all data were normally or approximately normally distributed, we used Person correlation analysis and one-way analysis of variance (ANOVA) to explore between-variable relationships. We used Spearman correlation to analyze the correlation between Pouchot score and HBP. Correlation between HBP level and clinical disease manifestations was calculated using two-tailed Student’s t-test. The receiver operating characteristic (ROC) curve was used to assess the predictive value of HBP. All analyses were exploratory; thus, a two‐tailed p‐value of < 0.05 was used to assess statistical significance.




Results


Patient Characteristics

In total, 30 patients with AOSD, 29 patients with sepsis, and 30 healthy individuals were enrolled in the study. Of those with AOSD, 20 had active and 10 had inactive disease at the time their blood sample was taken, according to Rau’s criteria (33). Laboratory blood test results for those included in our study are shown in Table 1.


Table 1 | Characteristics of people with adult-onset Still’s disease (AOSD) and those with sepsis and healthy controls included in this study.





Serum HBP Levels in People With AOSD Versus Those With Sepsis

Serum HBP levels in patients with active AOSD, inactive AOSD, and those with sepsis are reported in Table 2. The level of HBP in people with active AOSD was significantly higher than in the inactive AOSD group and in healthy controls (p < 0.05; Figure 1A); there was no significant difference in HBP levels between the inactive AOSD and healthy control groups, as shown in Figure 1A. Serum HBP in people with sepsis was significantly higher than in those with active or inactive AOSD and in healthy controls (p < 0.05; Figure 1B).


Table 2 | Serum heparin-binding protein (HBP) levels in patients with adult-onset Still’s disease (AOSD), those with sepsis, and healthy control individuals.






Figure 1 | Comparative analysis of HBP in patients with active AOSD patients, inactive AOSD patients, healthy controls (A) and Sepsis (B). Concentrations of HBP in serum form HC (healthy controls, filled circles), active AOSD patients (filled squares), inactive AOSD patients (filled triangles) and Sepsis patients (inversed hollow triangles). Data are presented as mean with standard deviation (SD). *P < 0.05, **P < 0.01.





Correlation of HBP Levels With Other Blood Test Results and Disease Activity Score

Correlations between HBP and laboratory values of all active AOSD patients are shown in Figure 2. Notably, HBP was significantly positively correlated with hemoglobin level (r = 0.732, p < 0.05) and negatively correlated with erythrocyte sedimentation rate (r = –0.491, p < 0.05); HBP was also significantly positively correlated with the modified Pouchot disease activity score (r =0.469, p =0.037).




Figure 2 | Correlations between heparin-binding protein (HBP) and other laboratory indicators in blood taken from patients with active adult-onset Still’s disease.





Correlation Between HBP Level and Clinical Disease Manifestations in AOSD

The HBP level was found to be significantly higher in patients with active AOSD who had arthralgia (p=0.047), fever (p=0.007), rash (p=0.002), or lymphadenopathy (abbreviated as lympha in Figure 3) (p=0.032), as shown in Figure 3. Univariate logistic regression analysis (Table 3) was performed to determine the predictive power of fever, rash, arthralgia and lymphadenopathy. The variables showed significant predictive value within univariate analysis and were included in further stepwise multivariate logistic regression (Table 3). The regression analysis detected rash (OR 0.535, P = 0.002) as an independent significant predictor of HBP in patients with active AOSD.




Figure 3 | Comparison of serum HBP levels in patients with adult-onset Still’s disease with different measures of clinical disease manifestation (“lympha” is short for “lymphadenopathy”). Data are presented as mean and interquartile range and significance was calculated using two-tailed Student’s t-test. *P < 0.05, **P < 0.01.




Table 3 | Univariate and multivariate linear analysis of clinical disease manifestations in AOSD.





Determination of HBP Cutoff Level to Determine AOSD

The area under the ROC curves used to determine whether HBP could be used to differentiate AOSD from sepsis was 0.653 (sensitivity, 0.759; specificity, 0.552; p < 0.05; Table 4, Figure 4). The cutoff HBP level was 65.1 ng/ml. In the ROC curves used to assess the predictive capacity of serum HBP for active versus inactive AOSD, the value for the area under the ROC curve was high (0.811; sensitivity, 0.650; specificity, 0.889; p < 0.01, Table 4). The cutoff HBP level was 35.59 ng/ml. These results demonstrate that the serum HBP is a potentially useful biomarker to distinguish active AOSD from inactive disease and from sepsis.


Table 4 | Receiver operating characteristic (ROC) curve analysis of the predictive capacity of heparin-binding protein (HBP) to distinguish between active and inactive AOSD and sepsis.






Figure 4 | Receiver operating characteristic (ROC) curve analysis of the predictive capacity of heparin-binding protein (HBP) to distinguish between adult-onset Still’s disease (AOSD) and sepsis.






Discussion

Early differentiation between infections such as sepsis and many systemic autoinflammatory disorders including AOSD is a significant challenge in clinical practice. In this study, for the first time, we showed that serum HBP could be a useful biomarker to distinguish sepsis from AOSD and to determine disease activity in patients with AOSD.

Several biomarkers have been proposed to distinguish the two diseases in early phase (8–12), and in particular, studies have showed that serum IL-18 could be used as a biomarker for differential diagnosis and AOSD disease evaluation (35). Serum IL-18 levels have been shown to be significantly higher in patients with AOSD than in other inflammatory diseases, and its concentration correlates with disease activity. IL-18 may therefore be a useful therapeutic target for AOSD as well as a biomarker for differential diagnosis between AOSD and sepsis (35–39). Until now, there were no other biomarkers with high sensitivity and specificity.

In our study, we found that the level of serum HBP was higher in patients with sepsis compared with those with active AOSD; the cutoff value was 65.10 ng/ml, with higher levels indicating sepsis, and lower levels indicating AOSD. Furthermore, we identified that the serum HBP level was higher in active AOSD patients compared with inactive AOSD patients; our ROC analysis showed that HBP had a high value for the area under the ROC curve in active AOSD patients, with a high sensitivity and specificity. Our results demonstrate that HBP could be a useful, novel biomarker that could be used as an alternative or in conjunction with IL-18 for improved diagnostic accuracy to distinguish between sepsis and AOSD, as well as active and inactive AOSD. This, in turn, could improve early diagnosis and effective treatment for both conditions.

HBP is prefabricated in neutrophils and stored in azure granules and secretory vesicles, and can be released immediately following stimulation by substances produced by bacteria, inflammatory cytokines, and chemotactic factors, leading to increased blood vessel permeability and edema (16, 18). HBP is also a powerful chemoattractant for a variety of innate immune cells, primarily monocytes and macrophages (19). These characteristics may partly explain the strong association between serum HBP levels and inflammatory processes in active AOSD. Our study also showed that serum HBP had a positively correlation with hemoglobin levels, and a negative correlation with erythrocyte sedimentation rate. Further research on the possible mechanisms by which HBP regulates disease activity in AOSD, and to what extent HBP can influence the level of hemoglobin in the blood, is needed. Moreover, our study also found that the number of patients who had fever and rash are almost the same. A large retrospective study by Liu and his colleagues found that the incidence of skin rash was 79.9% among Chinese active AOSD patients (40). Yang et al. found that the incidence of rash was almost 88.5% among in a Chinese cohort study (41). As AOSD typically manifests with a symptomatic triad characterized by spiking fever, arthritis and rash, coupled with our small number of samples, it may lead to a high overlap rate of these two symptoms.

Our study has several limitations that should be acknowledged. First, as AOSD is a rare condition, the number of AOSD patients included in this study is relatively small which may result in bias. Second, the study was performed as a single-center study, and future studies with larger cohorts should be performed to validate these results and to reveal a dynamic role for discriminating AOSD from sepsis in clinical practice. Third, several biomarkers such as CRP, ferritin, IL-18 and IL-37 were proposed as potential parameters for assessing disease activity status of AOSD (42–44); Rau et al. described a systemic scoring system comprised of 12 main signs and symptoms (33). However, no exact and reliable criteria exist yet. We define AOSD disease clinically active or inactive based on our understanding of this disease in our clinical work (34, 35, 44–47). Grouping AOSD disease activity status by our method was somewhat arbitrary and divergent, so it may cause the results to be biased with other research units. Last, previous studies had proposed that PCT, IL-18 combined with fibroblast growth factor 2 (FGF 2) and modified Pouchot Score including elevated serum ferritin levels (12, 33, 36) could be a useful diagnostic tool to distinguish AOSD and sepsis. However, as our study was a retrospective design, many laboratory values such as ferritin, PCT, serum cytokine levels such as IL-18, IL-6 and interferon were not performed in all patients at that time. Thus, it was hard for us to verify and make the discrimination by these indicators. To overcome these issues, future studies with larger cohorts and more comprehensive serological tests should be performed to validate these results and to reveal a dynamic role for discriminating AOSD from sepsis in clinical practice.

In conclusion, our study indicates that serum HBP could be used as a diagnostic biomarker to differentiate sepsis from AOSD when the two conditions may otherwise be indistinguishable, and to determine disease activity in patients with AOSD. Further studies are required to confirm these results and establish their use in clinical practice.
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