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Inflammasome activation in the innate immune response plays a role in the pathogenesis of psoriasis largely due to the increased levels of pro-inflammatory cytokines. However, the precise role of inflammasomes in psoriasis (Ps) and psoriatic arthritis (PsA) is largely undefined. To establish the reliability of inflammasome signaling proteins as diagnostics and predictive biomarkers of clinical severity in this disease population, serum from healthy donors and patients with Ps/PsA were analyzed for the protein expression of caspase-1, apoptosis-associated speck-like protein containing a caspase-recruitment domain (ASC), interleukin (IL)-1β and IL-18 levels to determine cut-off points, positive and negative predictive values, and receiver operator characteristic (ROC) curves. Our data revealed that ASC and IL-18 proteins were significantly higher in the Ps group when compared to healthy controls. The area under the curve (AUC) for ASC was 0.9224 with a cut-off point of 321.8 pg/ml, while IL-18 had an AUC of 0.7818 and a cut-off point of 232.1 pg/ml. In addition, levels of IL-18 had a statistically significant linear correlation with that of ASC with an adjusted R squared of 0.2566, indicating that approximately 25% of IL-18 levels could be explained by ASC levels in serum. Our findings indicate that ASC and IL-18 play a significant role in the inflammatory response associated with the pathology of Ps. These inflammasome proteins appear to be key biomarkers in determining diagnoses in this patient population.
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Introduction

Psoriasis (Ps) is a chronic immune-mediated systemic disease that affects over 125 million people globally and has damaging effects that extend well beyond the dermis. Ps is characterized by relapsing skin lesions, demonstrating epidermal hyperplasia, inflammatory infiltration, and angiogenesis. There is a strong relationship between Ps and a number of serious comorbidities including cardiovascular disease, metabolic syndrome, atherosclerosis, non-alcoholic fatty liver disease, lymphomas, chronic obstructive pulmonary disease, osteoporosis, Parkinson’s disease, and Celiac disease (Oliveira Mde et al., 2015). Approximately 25 to 30% of patients with Ps also suffer from psoriatic arthritis (PsA). PsA is a type of inflammatory arthritis that typically coexists with the cutaneous findings of Ps, usually manifesting as a mono or asymmetrical oligo-arthritis in the absence of the rheumatoid factor (Alinaghi et al., 2019).

A genetic component associated with the inflammasome has been previously described in psoriasis susceptibility (Carlstrom et al., 2012). In addition, in animals models of psoriasis, the inflammasome has also been described as a key modulator of the inflammatory response (Hu et al., 2013; Jiang et al., 2013; Goblos et al., 2016). These findings suggest that Ps pathogenesis involves the activation of the inflammasome multiprotein complex, which is involved in the production of interleukin (IL)-1β and IL-18, two inflammatory cytokines seen in Ps pathogenesis. Assembly of the inflammasome components involves inflammasome receptor interaction with the adaptor protein ASC (apoptosis-associated speck-like protein containing a caspase-recruitment domain), which then recruits pro-caspase-1 and results in the activation of the effector caspase through proteolytic cleavage. The activated caspase-1 then cleaves pro-IL-1β and pro-IL-18 to produce active forms of these pro-inflammatory cytokines (De Rivero Vaccari et al., 2014). Interestingly, recent literature reveals that polymorphisms of the NLRP1 inflammasome complex are also associated with an increased susceptibility to Ps (Ekman et al., 2014).

We have previously shown that inflammasome signaling proteins are promising biomarkers of active inflammation in other chronic diseases and systemic injuries including stroke (Kerr et al., 2018a), traumatic brain injury (Adamczak et al., 2012; Kerr et al., 2018b; Perez-Barcena et al., 2020), multiple sclerosis (Keane et al., 2018), depression (Syed et al., 2018), mild cognitive impairment (Scott et al., 2020), and Alzheimer’s disease (Scott et al., 2020). In this study, the role of the inflammasome in Ps pathogenesis was investigated through the identification of inflammasome protein levels in human serum. Specifically, we evaluated the potential for inflammasome signaling proteins to serve as biomarkers that could be used in the clinical setting to determine the diagnosis of Ps. Serum samples from healthy donors were analyzed for protein expression levels of caspase-1, ASC, IL-1β, and IL-18 and were compared to serum levels in patients with Ps. Cut-off points, positive and negative predictive values, and receiver operator characteristic (ROC) curves with associated sensitivity and specificity calculations were determined for each of these inflammasome proteins.



Materials and Methods


Participants

Samples for this study were purchased from BioIVT (Hicksville, NY). Informed consent was obtained from donors enrolled in the study Prospective Collection of Samples for Research sponsored by SeraTrials, LLC. with the IRB number 20170439. The age range of donors was from 21 to 79 years old with 180 samples in the control group and 37 samples in the Ps group (Table 1). The control group consisted of healthy age-matched individuals without any diagnosed disease.


Table 1 | Patients used in the study.







Simple Plex Assay

Concentrations of caspase-1, ASC, IL-1β, and IL-18 in serum samples from the Ps group and age-matched controls were analyzed using the Ella System (Protein System) (Brand et al., 2016). In short, 50 μl of diluted serum sample were loaded to each well of the cartridge, and 1 ml of washing buffer was loaded into specified wells. The assay was automatically run in triplicates and analyzed with the Simple Plex Runner Software (Protein Simple).



Biomarker Analyses

Data obtained from the Simple Plex assay was analyzed using Prism 8 software (GraphPad). Initially, outliers were removed, followed by the calculation of column statistics and the area under curve, which provided the specificity, sensitivity, and likelihood ratio, as well as the 95% confidence interval, standard deviation, and p-value of significance. A cut-off point was identified for the different ranges of specificities and sensitivities. Positive and negative predictive values were then calculated along with accuracy.



Statistical Analyses

Normality was tested using the D’Agostino & Pearson omnibus and Shapiro-Wilk normality tests. Differences between groups were determined either using the Mann-Whitney test when data were not normally distributed and a two-tailed t-test when data were normally distributed. The p-value of significance used was <0.05.



Linear Regression

Linear regression analysis between ASC and IL-18 was run using RStudio/RMarkdown with the following libraries: MASS, dplyr, ggplot, car, and broom. Data sets were transformed using a logarithmic transformation. An adjusted r-squared value was obtained to explain the approximate contribution of ASC to IL-18 protein levels. Models were evaluated using residual analysis.



Logistic Regression

A binomial logistic regression analyses of the probability of a patient having Ps/PsA (separated into biologic-treated, non-biologic treated group, and untreated) as determined by the levels of ASC and IL-18 were run using RStudio/RMarkdown software. Models were evaluated by comparing the Akaike information criterion (AIC) value among the different tested models.




Results


ASC and IL-18 Are Elevated in the Serum of Patients With Psoriasis and Psoriatic Arthritis

Serum samples from patients with Ps and aged-matched healthy donors were analyzed for the protein expression levels of ASC (Figure 1A), caspase-1 (Figure 1B), IL-18 (Figure 1C), and IL-1β (Figure 1D). ASC and IL-18 proteins were significantly higher in the Ps group when compared to controls. These findings indicate that ASC and IL-18 play a significant role in the inflammatory response in the pathology of Ps.




Figure 1 | ASC and IL-18 are elevated in the serum of patients with psoriasis. Protein levels in pg/ml of ASC (A), caspase-1 (B), IL-18 (C), and IL-1b (D) in serum samples from patients with psoriasis/PA and healthy donors (controls). ASC: N = 156 controls, 36 psoriasis/PA; caspase-1: N = 25 controls, 19 psoriasis/PA; IL-18: N = 180 controls, 36 psoriasis/PA IL-1beta: N = 32 controls, 14 psoriasis/PA. Box and whiskers are shown for the 5th and 95th percentile.





ASC as a Prominent Biomarker of Psoriasis and Psoriatic Arthritis

To determine if inflammasome signaling proteins were reliable biomarkers of active disease in Ps, the area under the curve (AUC) was calculated for caspase-1 (Figure 2A), ASC (Figure 2B), IL-1β (Figure 2C), and IL-18 (Figure 2D). Of the proteins that were analyzed, ASC had the highest AUC of 0.9224 (p < 0.0001). IL-18 had an AUC of 0.7818 (p < 0.0001) (Table 2). Moreover, ASC had a cut-off point of 321.8 pg/ml with 89% sensitivity and 80% specificity (Table 3). Comparatively, the cut-off point for IL-18 was 232.1 pg/ml with a sensitivity of 78% and a specificity of 58% (Table 3). These findings indicate that ASC and IL-18 have the characteristics of reliable biomarkers of the inflammatory response associated with Ps.




Figure 2 | ROC curves for caspase-1 (A), ASC (B), IL-1b (C), and IL-18 (D) from serum samples of patients with psoriasis/PA and healthy donors.




Table 2 | ROC summary.




Table 3 | Biomarker characteristics.





Linear Regression Between ASC and IL-18

A linear regression analysis was run to determine the relationship between ASC and IL-18. A linear model was fit to the plotted data (Figure 3A). Levels of IL-18 had a statistically significant linear correlation with that of ASC (5.36 e-14) with an adjusted R squared of 0.2566 (Supplementary Figure 1). A logarithmic transformation was used to normalized the distribution of the data. Further fitting of the model was evaluated by analyzing the residuals (Supplementary Figure 2). The results indicate that 25% of the levels of IL-18 could be explained by ASC. Thus, the data show that approximately a quarter of IL-18 present in serum can be explained by ASC protein levels in serum, with the remainder being due to other proteins that were not included in this statistical model.




Figure 3 | Regression analyses. (A) Linear regression plot of ASC vs IL-18. (B) Logistic regression plot of psoriasis ~ ASC + IL-18.





Logistic Regression Between Psoriasis and ASC and IL-18

To predict the probability that protein levels of ASC and IL-18 contribute to the pathology of Ps, we run a binomial logistic regression for the proteins levels of ASC and IL-18 in serum of patients with and without a Ps diagnosis (Figure 3B). Accordingly, the odds of having Ps increased with increased protein levels of ASC and IL-18 as determined by an estimated coefficient of 0.012721 (p = 3.04 e-7) and 0.005947 (p = 0.0421 (Supplementary Figure 3), respectively. Thus, indicating that, as protein levels of ASC and IL-18 increase, so do the odds of a patient having psoriasis.




Discussion

Psoriasis is an immune-mediated inflammatory disease that involves a complex network of cytokines and chemokines produced by various types of immune cells. Inflammasomes are multiprotein cytoplasmic complexes with a fundamental role in the innate immune response (De Rivero Vaccari et al., 2014). They consist of a sensor protein such as NOD-like receptor (NLRP1, NLPR3), an adaptor protein (ASC) and an effector protein (caspases-1, -5, -11) (Martinon et al., 2002). Inflammasome assembly leads to an inflammatory response resulting in the production and release of IL-1β and IL-18 (Martinon et al., 2002). To date, the role of the inflammasome and its associated inflammatory proteins in Ps and PsA remains largely undefined. Moreover, most biomarkers that have been studied in Ps/PsA do not meet the criteria for reliable biomarkers, therefore lacking clinical utility. Thus, here, we determined the expression levels of inflammasome components in patient serum samples and evaluated the reliability of the inflammasome signaling proteins ASC, caspase-1, IL-18, and IL-1β to serve as clinically useful disease biomarkers of Ps.

Our results indicate that ASC and IL-18 protein levels were significantly higher in patients with Ps when compared to healthy controls. Levels of IL-18 had a statistically significant linear correlation with that of ASC and it was determined that 25% of the IL-18 levels could be explained by ASC levels. IL-18, a potent pro-inflammatory cytokine, has been shown to promote the development and maintenance of Th17 cells, which are widely implicated in autoimmune inflammatory diseases like Ps and PsA (Sedimbi et al., 2013). An upregulation of IL-18 has also been previously demonstrated in psoriatic lesions, correlating significantly with disease duration and clinical severity (Debets et al., 1995; Rasmy et al., 2011). Thus, the elevated serum IL-18 levels measured in Ps subjects indicate that this inflammatory cytokine plays an important role in disease pathology. In addition, pronounced ASC mRNA expression has been previously demonstrated in non-lesional as well as lesional psoriatic epidermis (Salskov-Iversen et al., 2011); therefore, the substantial upregulation seen in our study among Ps serum samples supports the idea that ASC may serve as an indicator of active disease in Ps.

A genetic predisposition and several environmental triggers (e.g., physical and emotional stress, medications, infections) have been implicated in the initial stages of Ps and PsA (Guo et al., 2015). While the precise pathogenesis of Ps/PsA is not fully understood, it appears that a complex network of cytokines and chemokines produced by various types of immune cells play a major role in Ps pathology. Recent studies have focused on the identification of biomarkers in Ps to facilitate understanding of the pathogenesis, diagnosis, prognosis, and therapeutic response of the disease. Of note, identification of biomarkers related to specific Ps comorbidities, such as cardiovascular disease and the metabolic syndrome, is also of special clinical interest (Kerr et al., 2018b). It has been hypothesized that increased levels of pro-inflammatory factors seen in Ps may help explain a link to cardiovascular disease (Nickoloff, 1991). Previous studies have shown a significant overlap between the cytokines seen in Ps and those associated with atherosclerosis.

The inflammasome sensor proteins NLRP-1 and NLRP-3 are expressed in psoriatic lesions and specific polymorphisms have been associated with psoriasis pathogenesis and susceptibility (Ekman et al., 2014). However, future studies are needed to understand which inflammasomes (NLRP-1, NLRP-3, AIM-2) contribute to significant elevations in the inflammatory cytokine profile in serum of Ps individuals. Furthermore, an increase in samples size, separation between Ps and PsA samples, correlation between protein expression and clinical severity, and knowledge of disease duration and treatment duration would also render a better understanding of the role of inflammasomes in Ps.

A recent study reported that IL-18 expression levels in psoriatic skin lesions was higher in patients with active disease when compared to patients with stable disease (Companjen et al., 2004). In addition, levels of IL-18 have been previously shown to be elevated in the serum patients with psoriasis (Gangemi et al., 2003). Therefore, a similar comparison evaluating a range of inflammasome protein levels in serum samples before and after treatment could help guide therapeutic treatment strategies and aid in determination of patient prognoses. Limitations of our study include unknown clinical severity among patient samples, unknown duration of disease among samples, and unknown treatment durations. Therefore, future studies will aim to address these limitations. Moreover, future studies will look into further dividing samples into untreated and treated groups, as well as stratifying treated patients between those that were treated with biologics than those that were treated with other therapeutics.

In this study, the logistic regression model was developed for the diagnosis of Ps and patient selection was also powered for the same diagnosis and not of other comorbidities, indicating that the significant changes and values presented in this study are due to Ps. However, as stated, Ps patients tend to present with other comorbidities. Hence, it is likely that comorbidities also contribute to the levels of ASC and IL-18 detected in the serum of patients used.

Furthermore, besides analyzing protein levels, in future studies we will also analyze miRNAs that have been shown to affect inflammasome signaling (Wang et al., 2009; Pan et al., 2018; Cho et al., 2020) since miRNAs in extracellular vesicles have been recently shown to be useful biomarkers of psoriasis (Wang et al., 2020), and we have shown that inflammasome proteins in extracellular vesicles are good biomarkers of stroke (Kerr et al., 2018a). For instance, silencing of miR-155 is able to downregulate inflammasome signaling in Ps; thus, suggesting that miRNAs play an important role in Ps (Luo et al., 2018).

Taken together, our findings indicate that ASC and IL-18 play a significant role in the inflammatory response underlying the pathology of Ps. Accordingly, the AUC for ASC was 0.9224 and for IL-18 was 0.7818. Thus, these proteins appear to be reliable inflammatory biomarkers that could then be used clinically to facilitate screening and diagnosis, determine disease prognosis and systemic severity, and evaluate therapeutic response among patients with Ps. Identification of reliable biomarkers in Ps will undoubtedly provide valuable insight regarding disease susceptibility and mechanisms involved in the pathogenesis of disease progression. Such biomarkers could ultimately function as surrogate endpoints for a wide range of clinical outcomes, including optimizing patient care. Given the number of serious conditions associated with Ps (e.g., cardiovascular diseases and metabolic disorders), the identification of biomarkers that could help predict the development of Ps-related comorbidities, would greatly improve patient morbidity.
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