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Abstract

:

Relapsing–remitting multiple sclerosis (RRMS) is the most prevalent MS subtype. Ample evidence has indicated that long noncoding RNAs (lncRNAs) are crucial players in autoimmune and inflammatory disorders. This study investigated the expression of lnc-EGFR, SNHG1, and lincRNA-Cox2 in RRMS patients during active relapses and in remission. Additionally, the expression of FOXP3, a master transcription factor for regulatory T cells, and NLRP3-inflammasome-related genes were determined. Relationships between these parameters and MS activity and annualized relapse rate (ARR) were also evaluated. The study included 100 Egyptian participants: 70 RRMS patients (35 during relapse and 35 in remission) and 30 healthy controls. RRMS patients showed significant downregulation of lnc-EGFR and FOXP3 and dramatic upregulation of SNHG1, lincRNA-Cox2, NLRP3, ASC, and caspase-1 compared to controls. Lower serum TGF-β1 and elevated IL-1β levels were observed in RRMS patients. Notably, patients during relapses displayed more significant alterations than those in remission. Lnc-EGFR was positively correlated with FOXP3 and TGF-β1 and negatively correlated with ARR, SNHG1, lincRNA-Cox2, and NLRP3 inflammasome components. Meanwhile, SNHG1 and lincRNA-Cox2 were positively correlated with ARR, NLRP3, ASC, caspase-1, and IL-1β. Excellent diagnostic performance for lnc-EGFR, FOXP3, and TGF-β1 was demonstrated, while all biomarkers exhibited strong prognostic potential for predicting relapses. Finally, the differential expression of lnc-EGFR, SNHG1, and lincRNA-Cox2 in RRMS patients, especially during relapses, suggests their involvement in RRMS pathogenesis and activity. Correlation between their expression and ARR implies relationships to disease progression. Our findings also highlight their promising roles as biomarkers for RRMS.
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1. Introduction


Multiple sclerosis (MS) is a complex neurodegenerative disease with both autoimmune and inflammatory characteristics affecting the central nervous system (CNS). It is characterized by demyelination with incomplete remyelination and axonal injury, resulting in several sensory and motor impairments [1]. MS is the most common non-traumatic disabling disorder affecting young adults, with globally increasing incidence [2]. The most prevalent MS phenotype is relapsing–remitting MS (RRMS), affecting about 85% of MS patients. RRMS is characterized by relapses or episodes of transient exacerbations of neurological signs or symptoms followed by periods of remission or recovery with improvement or disappearance of symptoms. Some RRMS patients may gradually develop secondary progressive multiple sclerosis in which the disease course worsens without leveling off of symptom severity [3].



Despite intense research, the mechanisms governing a relapse incident still remain incompletely understood [4]. Therefore, a better understanding of RRMS development and prognosis as well as investigating novel biomarkers for disease activity might help in the improvement of disease management.



Traditionally, it has been believed that MS is caused by the activation of peripheral autoreactive, myelin-specific T cells that migrate into the CNS and cause inflammation, resulting in demyelination and the disease process initiation. Indeed, inflammatory T helper (Th) cells, such as interferon (IFN)-γ-producing Th1 cells and interleukin (IL)-17-producing Th17 cells have a well-known role in the pathogenesis of MS [1,5,6]. Conversely, CD4+ regulatory T (Treg) cells were identified as a negative regulator of T helper cell functions via secreting anti-inflammatory cytokines such as IL-4, IL-10, and tumor growth factor (TGF)-β, thus playing a pivotal role in the maintenance of self-tolerance and prevention of autoimmunity [1,5,6,7]. CD4+ Treg cells are characterized by the expression of several markers, including FOXP3, a forkhead/winged-helix transcription factor. Continuous expression of FOXP3 is known to be essential for proper development and maintenance of Treg cells’ suppressive functions [7,8]. Dysfunctions or impaired maturation of Treg cells have been demonstrated in animal models of MS [9]. Moreover, disrupted balance between inflammatory and regulatory T cells [10] and impaired suppressive functions of Treg cells have also been detected in patients with MS [11].



Neuroinflammation has been recognized as a crucial player in the pathogenesis and progression of various neurodegenerative diseases including MS. Accumulating evidence has demonstrated the association between inflammasome activation, especially NLRP3 (NOD-like receptor protein 3) and MS development [12]. The NLRP3 inflammasome is a multimeric protein complex that is a member of NOD-like receptors (NLRs) and consists of three different proteins: a protein that senses stimulation (NLRP3), an adapter protein (apoptosis-associated speck-like protein (ASC)), and a catalytic protein (procaspase-1) [13]. Inflammasome activation induces the assembly of these molecules into a complex that accumulates to form a large cytosolic oligomer, which allows the self-cleavage of pro-caspase-1 to the active form of caspase-1. Consequently, caspase-1 cleaves pro-IL-1β and pro-IL-18 to their physiologically active forms and induces a pro-inflammatory form of cell death, pyroptosis, with exacerbation of inflammation. Of note, inflammasome activation has been identified as a rapid, highly reactive, and potent amplifier of inflammation that is essential to immune function [14]. A number of studies using experimental autoimmune encephalomyelitis (EAE), an animal model of MS, demonstrated the direct involvement of NLRP3 inflammasome in the pathogenesis of MS [15,16,17]. Similarly, up-regulation of NLRP3, caspase-1, and IL-1β expression in peripheral blood mononuclear cells (PBMCs) [18] and increased caspase-1 and IL-1β proteins in PBMCs, serum, and cerebrospinal fluid (CSF) [19] have been found in MS patients. Moreover, serum caspase-1 and ASC levels were reported to be potential candidate biomarkers for MS onset [20].



Over the past decade, several reports have demonstrated the usefulness of serum RNAs as prognostic and diagnostic biomarkers in various human diseases including MS [21,22,23]. Furthermore, the importance of long noncoding RNAs (lncRNAs) in epigenetic regulation of a series of biological processes and their involvement in autoimmune [24] and inflammatory diseases [25] have been established. Although many MS-related lncRNAs have been sequenced and their functions have been characterized [26], and although dysregulated lncRNA expression has been found in serum, plasma, and PBMCs of patients with MS [21], the expression and the role of several other lncRNAs in MS still remains to be explored.



Lnc-epidermal growth factor receptor (lnc-EGFR) is a novel lncRNA that was identified by Jiang et al. [27]. The authors found that lnc-EGFR was highly expressed in Treg cells and positively correlated with FOXP3 expression in hepatocellular carcinoma (HCC). Notably, this study indicated that lnc-EGFR specifically binds to EGFR and prevents its ubiquitination, resulting in maintenance of EGFR activation, thus leading to the stimulation of Treg differentiation in HCC [27]. Interestingly, the involvement of lnc-EGFR in different neurodegenerative, autoimmune, and inflammatory disorders has not yet been revealed.



The long noncoding RNA small nucleolar RNA host gene 1 (SNHG1) is another newly identified lncRNA that was found to be upregulated in the brain specimens derived from patients with Parkinson’s disease (PD) [28] and in MPTP-induced PD mouse models [29]. Additionally, SNHG1 has been implicated in microglial activation and neuroinflammation [29,30]. Furthermore, SNHG1 overexpression was shown to be correlated with the activation of the NLRP3 inflammasome and enhanced expression of NLRP3, ASC, and cleaved caspase-1 in lipopolysaccharide-stimulated BV2 microglial cells in vitro [29]. A recent study using bioinformatics analysis indicated a higher level of SNHG1 in patients with RRMS in relation to the controls and suggested a possible role for SNHG1 in the pathogenesis of MS through an associated competing endogenous RNA axis [31]. Nevertheless, the authors recommended that these predicted findings need to be validated by confirmative experimental approaches.



Long intergenic RNA Cox2 (lincRNA-Cox2), the third lncRNA addressed herein, is an inflammatory inducible lncRNA that has acquired its name due to its location in relation to the cyclooxygenase-2 gene. LincRNA-Cox2 has been reported to be one of the best studied lncRNAs that can modulate the transcriptional control of inflammatory gene expression [25,32]. Additionally, lincRNA-Cox2 has been identified as a coactivator of NF-kB for the transcription of late-primary response genes involved in the innate immune response via epigenetic chromatin remodeling [24,33]. A recent elegant study showed that lincRNA-Cox2 can regulate NLRP3-inflammasome-mediated neuroinflammation and the expression of the inflammasome sensor NLRP3 and adaptor ASC. Furthermore, knockdown of lincRNA-Cox2 resulted in inhibition of inflammasome activation and prevention of lincRNA-Cox2-induced caspase-1 activation in macrophages and microglia cells in vitro as well as reduction in CNS inflammation and EAE severity in vivo [34]. Importantly, the role of lincRNA-Cox2 in RRMS and its possible contribution to disease activity have not yet been elucidated.



Based on these findings, our study aimed to investigate the expression profiles of the three lncRNAs (lnc-EGFR, SNHG1, and lincRNA-Cox2) in Egyptian patients with RRMS during active relapses and in remission in an attempt to assess their impact on MS activity and future progression. In addition, the expression of FOXP3, a master transcription factor in Treg cells and NLRP3-inflammasome-related genes, including NLRP3, ASC, and caspase-1, along with the serum levels of TGF-β1and IL-1β were determined. The possible correlations between the three lncRNAs, the clinical characteristics, and the biochemical parameters were also assessed. The clinical relevance of our biomarkers as novel diagnostic and prognostic tools for RRMS was evaluated.




2. Subjects and Methods


2.1. Participants


This study included 100 Egyptian participants: 30 healthy controls and 70 MS patients with the relapsing–remitting phenotype (RRMS). They were recruited from the Multiple Sclerosis Unit, Ain Shams University Hospitals from May 2020 to February 2021. Thorough medical and neurological assessments were performed by a neurologist according to the 2010 revision of the McDonald criteria [35]. Current or recent inflammatory or infectious disorders in the past month, pregnancy, diabetes, any type of malignancy, or any other neurological condition were all considered excluding factors. RRMS patients were classified into relapse and remission groups; relapse group comprised 35 patients whose samples were taken within 7 days from the onset of relapses and before methylprednisolone therapy, whereas the remission group included 35 patients who had been in a clinical remission state for at least 90 days prior to collection of the samples. Meanwhile, the control group consisted of 30 age-matched apparently healthy volunteers without any history of chronic inflammatory or immunological diseases. The study protocol was approved by the Research and Ethics committee for Experimental and Clinical studies at Faculty of Pharmacy, Cairo University Cairo, Egypt with approval number; BC (2666). Before the study began, all participants were given the necessary information about the study, and their written informed consent was collected. The research was carried out in conformity with the Helsinki Declaration principles, revised in 2008. Disability quantification was calculated using the Kurtzke’s Expanded Disability Status Scale (EDSS) [36]. The annualized relapse rate (ARR), the number of confirmed relapses experienced by the patient in one year, was determined for each patient during the previous two years [37]. Based on the calculated ARR, both relapse and remission groups were subdivided into two subgroups each: either an ARR < 1 or ARR ≥ 1.




2.2. Sample Collection and Biochemical Measurements


Five milliliters of venous blood were collected from each participant using BD Vacutainer® SST II Gel collection tubes. The separated sera were aliquoted and frozen at −80 °C for the analysis of lncRNAs and gene expression levels [22,38,39]. An aliquot of the serum was used to assess TGF-β1 and IL-1β levels.




2.3. Total RNA Extraction and Reverse Transcription


The miRNeasy Mini Kit (Qiagen, Hilden, Germany) was used to extract total RNA from 200 µL of serum using QIAZOL lysis reagent as per the manufacturer’s protocol. The isolated RNA was dissolved in 50 µL of RNase-free water and kept at −80 °C until it was analyzed. RNA concentration and quality were evaluated using a UV–visible spectrophotometer nanodrop (Thermo Scientific, Waltham, MA, USA). The RNA yield range was 700–1400 nanograms, and the purity range at wavelength 260/280 was 1.8–2.0 [40]. Reverse transcription of RNA into complementary DNA (cDNA) was performed using the RT2 first strand Kit (Qiagen, Hilden, Germany). The RT reaction was incubated for 60 min at 37 °C, followed by 5 min at 95 °C. The produced cDNA was kept at −20 °C until analysis was conducted [22,38].




2.4. Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)


Relative expression levels of lnc-EGFR, SNHG1, and lincRNA-Cox2 along with gene expression levels of FOXP3, NLRP3, caspase-1, and ASC were measured using the RT2 SYBR Green Master Mix kit (Qiagen, Hilden, Germany) as per the manufacturer’s instructions. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as a housekeeping reference gene. In brief, for the assessment of lncRNAs (lnc-EGFR, SNHG1, and lincRNA-Cox2), 2 μL of cDNA was used as a template in 25 μL of total reaction volume containing 12.5 μL of RT2 SYBR Green PCR master mix, 9.5 μL of nuclease-free water, and 1 μL of RT2 lncRNA PCR primer assay. The primers were created using NCBI primer Blast, verified by the in silico PCR tool of the University of California, Santa Cruz (UCSC) genome browser, and eventually custom made by Invitrogen by Thermo Fisher Scientific. The primer sequences are presented in Supplementary Table S1. qRT-PCR was performed with a Qiagen Rotor Gene Q6 Plex Real-Time PCR system (Qiagen, Hilden, Germany), with a PCR initial activation at 95 °C for 10 min, followed by 40 cycles at 95 °C for 15 s and 60 °C for 60 s. For the evaluation of FOXP3, NLRP3, caspase-1, and ASC relative gene expression, qRT-PCR was performed in a 25 μL reaction mixture prepared by mixing 12.5 μL of master mix, 2.5 μL of primer assay, 5μL of cDNA, and 5 μL of RNAase-free water. The reaction was performed with a PCR initial activation at 95 °C for 15 min followed by 40 cycles at 95 °C for 15 s, 55 °C for 30 s, and 72 °C for 30 s. Data were analyzed with Rotor Gene Q software (Qiagen, Germany) with the automatic threshold cycle (Ct) setting. Then the relative expression for each measured biomarker after normalization to GAPDH as an endogenous control was calculated by applying the 2−ΔΔct method and presented as fold change [22,38].




2.5. TGF-β1 and IL-1β Levels Using Enzyme-Linked Immunosorbent Assay (ELISA)


Serum TGF-β1 was assayed using a Proteintech sandwich ELISA kit (Proteintech Group Inc., Rosemont, IL, USA) (Catalog Number: KE00002) according to the manufacturer’s instructions. Meanwhile, serum IL-1β was assessed using a PicoKine™ ELISA Kit (MyBioSource Inc., San Diego, CA, USA) (Catalog Number: MBS175901) as per the manufacturer’s instructions.





3. Statistical Analyses


All studied parameters were tested for normality of distribution using a Kolmogorov–Smirnov test. The results were expressed as median and range or mean and standard error of the mean (SEM) whenever appropriate. Normally distributed datasets were analyzed for significance using unpaired Student’s two-tailed t-tests and analysis of variance (ANOVA) followed by post hoc Tukey multiple comparison test. Simple linear regression analysis was conducted using a Pearson χ2 test to study the correlation between serum levels of lnc-EGFR, SNHG1, and lincRNA-Cox2 with each other and with the clinical characteristics and biochemical markers in RRMS patients.



For receiver operating characteristic (ROC) analysis, the RRMS group was compared to the healthy control group to evaluate the diagnostic precision of the measured parameters, whereas the relapse group was compared to the remission group to assess the prognostic power of our biomarkers. The area under the curve (AUC) and optimal cut-off values were calculated. The positivity rates were compared using a chi-square test. The overall accuracy of a molecular marker to predict different groups was defined as the average of the sensitivity and the specificity. Univariant binary logistic regression analysis was conducted to predict the potential use of the measured parameters as diagnostic markers for RRMS and prognostic tools for active relapse in RRMS. p-values < 0.05 were considered statistically significant. Odds ratios and 95% confidence intervals (CI) were calculated. All data were statistically analyzed using Windows-based SPSS statistical software (SPSS version 20.0, SPSS Inc., Chicago, IL, USA) and GraphPad Prism 9.2 (GraphPad Software 9.2.0, San Diego, CA, USA).




4. Results


4.1. Demographic and Clinical Characteristics of the Study Participants


The demographic and clinical characteristics of the study participants are summarized in Table 1. RRMS patients in relapse and remission groups exhibited disease duration ranges 2–10 and 1–10 years, respectively, with a median disease duration of 5 years in both groups. The median of the annualized relapse rate in the last 2 years was 1.5 for RRMS subgroups. The median EDSS score for the relapse group was 3, while the median score for the remission group was 2.




4.2. Levels of lnc-EGFR, FOXP3, and TGF-β1


RRMS patients showed significantly lower serum levels of lnc-EGFR, FOXP3, and TGF-β1 in comparison to healthy controls at p < 0.01 (Figure 1A).



Regarding disease activity, significant downregulation of lnc-EGFR and FOXP3 gene expression along with lower serum TGF-β1 levels were found in RRMS patients during active relapses and in remission compared to healthy control subjects. Notably, patients in the relapse group displayed more significantly reduced levels than those in the remission group at p < 0.01(Figure 1B).



When using ARR for subclassification of relapse and remission groups, serum lnc-EGFR, FOXP3, and TGF-β1 levels were not significantly different within the subgroups of both relapse and remission with ARR < 1 or ≥ 1. Meanwhile, both lnc-EGFR and TGF-β1 levels in patients during relapses with either ARR < 1 or ≥ 1 were found to be lower than those in remission with ARR < 1 or ≥ 1 at p < 0.01. Additionally, RRMS patients during relapses with ARR < 1 had significantly lower expression levels of FOXP3 than patients in remission with ARR ≥ 1 at p < 0.05. While the expression levels of FOXP3 in relapse patients with ARR ≥ 1 displayed significant downregulation than those in remission with ARR < 1 and ≥ 1 at p < 0.01 (Figure 1C).




4.3. Levels of SNHG1, lincRNA-Cox2, NLRP3, ASC, Caspase-1, and IL-1β


Results in Figure 2A revealed dramatic upregulation in the expression levels of SNHG1, lincRNA-Cox2, NLRP3, ASC, and caspase-1 along with considerable elevation in IL-1β levels in RRMS patients versus healthy controls at p < 0.01.



In terms of disease activity, SNHG1, lincRNA-Cox2, NLRP3, ASC, caspase-1, and IL-1β levels were substantially elevated in both relapse and remission groups compared to control values. RRMS patients during active relapses exhibited remarkably higher levels than patients in remission at p < 0.01 (Figure 2B).



Concerning ARR stratifications, SNHG1, lincRNA-Cox2, NLRP3, ASC, and caspase-1 expression as well as IL-1β levels were not significantly different within relapse and remission subgroups with ARR < 1 and ≥ 1. Meanwhile, patients during relapses with ARR < 1 had significantly higher levels of SNHG1, NLRP3, and IL-1β compared to those in the two remission subgroups, though lincRNA-Cox2 levels in this relapse subgroup were found to be higher than the levels of patients in remission with ARR < 1 only. Interestingly, RRMS patients during relapses with ARR ≥ 1 showed significantly elevated levels of SNHG1, lincRNA-Cox2, NLRP3, ASC, caspase-1, and IL-1β versus patients in remission with ARR < 1 and ≥ 1 ((Figure 3).




4.4. Correlation Analyses of Lnc-EGFR, SNHG1, and LincRNA-Cox2 Levels


Pearson’s correlation analyses revealed that the expression of lnc-EGFR was negatively correlated with age, number of relapses in the last 2 years, ARR, EDSS score, SNHG1, lincRNA-Cox2, NLRP3, ASC, caspase-1, and IL-1β in RRMS patients. Additionally, lnc-EGFR was positively correlated with FOXP3 and TGF-β1. On the other hand, the expression of SNHG1 was found to be positively correlated with age, ARR, lincRNA-Cox2, NLRP3, ASC, caspase-1, and IL-1β. LincRNA-Cox2 was positively correlated with number of relapses in last 2 years, ARR, EDSS score, NLRP3, ASC, caspase-1, and IL-1β. Moreover, both SNHG1 and lincRNA-Cox2 serum levels were negatively correlated with lnc-EGFR, FOXP3, and TGF-β1, as presented in Table 2.




4.5. Diagnostic Potential of the Studied Parameters


ROC curve analysis demonstrated an excellent performance for lnc-EGFR, FOXP3, and TGF-β1 in the diagnosis of RRMS, where the AUCs were 0.960, 0.920, and 0.996, respectively. The positivity rate for lnc-EGFR at the cutoff value 0.78 was 86.7% in the serum of healthy controls compared to 8.6% in the serum of RRMS patients, while the positivity rate for FOXP3 at the cutoff value of 0.83 was 86.7% in serum of controls compared to 7.1% in the serum of RRMS patients. Meanwhile, the positivity rate for TGF-β1 at the cutoff value of 82.45 was 96.7% in the serum of healthy controls compared to 4.3% in the serum of RRMS patients. Interestingly, both lnc-EGFR and FOXP3 had the same sensitivity of 86.7% and had specificities of 91.4% and 92.9%, respectively. The sensitivity and specificity for TGF-β1 was 96.7% and 95.7%, respectively, as shown in Table 3 and Figure 4A.




4.6. Prognostic Potential of the Studied Parameters


Data presented in Table 3 and Figure 4B indicate that all the studied parameters exhibited strong potential for differentiating RRMS patients during relapses from those in remission. The AUCs for lnc-EGFR, FOXP3, SNHG1, lincRNA-Cox2, and NLRP3 were 0.888, 0.818, 0.809, 0.870, and 0.901, respectively. The highest prognostic performance was displayed by TGF-β1, where the AUC was 0.969, followed by IL-1β, where the AUC was 0.958. Regarding the positivity rate, lnc-EGFR and FOXP3 had positivity rates of 94.3% and 71.4% in RRMS patients in remission compared to 20% and 17.1% in patients in the relapse state at cutoff values of 0.44 and 0.53, respectively. On the other hand, the positivity rate for SNHG1, lincRNA-Cox2, and NLRP3 were 74.3%, 71.4%, and 85.7%, respectively, in RRMS patients during relapse compared to 28.6%, 5.7%, and 20%, respectively, in RRMS patients in remission at cutoff values of 214.5, 261.3, and 207.3, respectively.



Lnc-EGFR displayed the highest sensitivity of 94.3% followed by TGF-β1 and NLRP3 with sensitivities of 91.4% and 85.7%, respectively. Regarding specificity, lincRNA-Cox2, TGF-β1, and IL-1β all had the highest specificity of 94.3%.




4.7. Univariant Binary Logistic Regression Analysis


Univariate logistic regression analysis was employed for the prediction of RRMS (Table 4). Decreased expression levels of lnc-EGFR, FOXP3, and TGF-β1 were designated as significant predictors for the diagnosis of RRMS patients.



In order to predict the progression to the active relapse state, univariate logistic regression analysis was performed between relapse and remission RRMS patients (Table 4). Data indicated that SNHG1, lincRNA-Cox2, lnc-EGFR, NLRP3, ASC, caspase-1, FOXP3, TGF-β1, IL-1β, EDSS score, no. of relapses, and ARR could be used as significant predictors for the progression from a remission state to active relapse.





5. Discussion


Relapsing–remitting MS (RRMS) is the most common MS course, which manifests as discrete attacks of neurological dysfunction followed by complete, partial, or no remission. It is believed that clinical relapses reflect acute inflammation in the CNS triggered by flair-ups of autoimmune processes. With time, most relapses become associated with incomplete remission, resulting in permanent neurological disability [5,41]. Hence, further identification of key molecular players underlying relapse incidence might provide novel clues that aid optimal relapse management and delay progression.



To the best of our knowledge, the present study revealed for the first time differential expression of three novel lncRNAs (lnc-EGFR, SNHG1, and lincRNA-Cox2) along with altered expression of some related biomolecules in Egyptian patients with RRMS during active relapses and in remission.



Recently, mounting evidence has indicated that lncRNAs are potential immune system regulators and supported the idea that lncRNAs are implicated in the pathogenesis of autoimmune disorders [24,42]. In the current investigation, the expression levels of lnc-EGFR were found to be significantly downregulated in the sera of all RRMS patients compared to healthy controls. Moreover, patients in the relapse group displayed a more pronounced reduction than those in the remission group. These findings suggest a role for lnc-EGFR in RRMS pathogenesis, especially during disease activity. As far as we know, no previous studies have assessed the expression of lnc-EGFR in MS and no data are available to agree with or contradict our results.



Lnc-EGFR is a newly discovered lncRNA that has been shown to substantially influence the function of Treg cells in HCC [27]. Interestingly, increased expression of lnc-EGFR was observed in HCC that was accompanied by an increased ratio of Treg cells within the tumor micro-environment. Additionally, positive correlation was shown between lnc-EGFR expression and the expression of FOXP3 and EGFR. Moreover, lnc-EGFR, which binds to EGFR specifically, blocks EGFR ubiquitination by inhibiting the interaction between EGFR and ubiquitin ligase, casitas B-lineage lymphoma (c-CBL). As EGFR ubiquitination by c-CBL leads to EGFR degradation, blocking EGFR ubiquitination results in maintenance of EGFR activation, leading to the stimulation of Treg differentiation and thus promoting HCC immune evasion [27]. Of note, FOXP3-expressing Tregs are normally known to actively maintain self-tolerance and immune homoeostasis via their suppressive functions against various immune responses; however, their functions in cancer were found to be co-opted by tumor cells to escape immune surveillance [43].



In MS patients, earlier studies have demonstrated a reduction of functionally effective Treg cells, which was associated with downregulated FOXP3 expression and decreased frequency of FOXP3+ cells [11,44]. Meanwhile, other investigations reported that the reduced suppressive capacity of Treg cells in MS was related to qualitative abnormalities rather than decreased frequency [44].



Herein, the downregulation of lnc-EGFR was accompanied by decreased expression of FOXP3 and reduced levels of TGF-β1 in RRMS patients compared to healthy controls. Additionally, the serum levels of FOXP3 and TGF-β1 were significantly reduced in patients during relapses compared to those in remission state.



FOXP3 is the key transcription factor controlling Treg cell development, differentiation, and immunosuppressive function [7,8]. In agreement with our results, decreased FOXP3 expression in peripheral blood of RRMS patients compared to controls was previously reported [45]. Furthermore, FOXP3 expression was found to be significantly lower in RRMS patients during relapse than in remission [46,47]. Similarly, Ghadiri et al. [48] showed a significant decline in the expression level of FOXP3 in relapsing compared to control groups.



The pleiotropic cytokine TGF-β is a known inducer for the differentiation of Treg cells via induction of FOXP3 expression. Additionally, the secretion of TGF-β by Treg cells, as a soluble mediator of immune suppression, represents one of the suppressive mechanisms to prevent immune activation [49]. However, conflicting data were reported about TGF-β levels in the blood of MS patients. Consistent with the present findings, significantly reduced serum levels of biologically active TGF-β1 were observed during exacerbation of MS [50], and lower levels of TGF-β1 were shown in RRMS compared to healthy subjects [51]. Additionally, a recent study revealed diminished serum levels of TGF-β along with reduced PBMC mRNA expression of TGF-β and FOXP3 in RRMS patients compared to healthy controls [52]. Meanwhile, other studies revealed insignificant changes in TGF-β1 serum levels between patients with RRMS and normal controls [53,54]. On the contrary, significantly elevated serum levels of TGF-β1 were found in RRMS patients that were further augmented during relapse [55]. Similarly, the concentration of biologically active TGF-β1 in plasma from MS patients in relapse were higher compared with those in remission [56]. These discrepancies might be attributed to the small sample size, differences in disease duration/EDDS scores or environmental and ethnic factors in each study.



Former studies indicated that in RRMS patients, relapse frequency, expressed by annualized relapse rate (ARR), correlated positively with long-term physical disability and increased risk of disease progression [57]. Notably, based on ARR subclassification, we observed that patients with both low (ARR < 1) and high (ARR ≥ 1) relapse frequency exhibited significantly decreased lnc-EGFR and TGF-β1 levels during relapses compared with the corresponding subgroups in remission. Meanwhile, FOXP3 expression in patients during relapse with ARR ≥ 1 was significantly lower than patients in remission with both low and high relapse frequency. These outcomes suggest links between the reduced levels of these biomarkers and exacerbation of RRMS and future progression. Indeed, Pearson’s correlation analyses revealed negative correlations between lnc-EGFR expression and number of relapses in the last 2 years, ARR, and EDSS score in RRMS patients.



Additionally, the expression of lnc-EGFR in RRMS patients was positively correlated with FOXP3 and TGF-β1. Such findings comport with the well-recognized roles of these three biomarkers as crucial immune regulators and pointed to a potential role for lnc-EGFR in RRMS. Thus, we could hypothesize that the reduced expression of lnc-EGFR observed here might result in decreased Tregs cell numbers and/or dysregulated Treg cells with impaired immunosuppressive function, as evidenced by the observed low levels of FOXP3 and TGF-β1, which subsequently could participate in the pathogenesis of RRMS, particularly in the immune-mediated events during relapses. Nevertheless, this is the first work to address the involvement of lnc-EGFR in MS, and additional mechanistic studies are needed to confirm this hypothesis.



Upon conducting ROC analysis, lnc-EGFR, FOXP3, and TGF-β1 all displayed excellent diagnostic power for RRMS and strong prognostic potential in differentiating RRMS patients during relapse from those in remission. Moreover, logistic regression analysis showed that decreased levels of lnc-EGFR, FOXP3, and TGF-β1 were designated as significant predictors not only for the diagnosis of RRMS but also for the progression from a remission state to an active relapse. These data may support the involvement of lnc-EGFR, FOXP3, and TGF-β1 in both RRMS pathogenesis and disease activity.



Emerging data emphasizes the involvement of lncRNAs, including the recently discovered SNHG1 and lincRNA-Cox2, in regulating neuroinflammation [58]. The current study is the first to demonstrate concurrent upregulation of SNHG1 and lincRNA-Cox2 in RRMS patients compared to healthy controls with a remarkable increase in their serum levels in RRMS patients during active relapses compared to remission. Our results suggest that both lncRNAs are involved in the pathogenesis of RRMS and reveal a possible relationship between SNHG1 and lincRNA-Cox2 with MS activity.



The observed upregulation of SNHG1 justifies the recent bioinformatics analysis conducted by Sabaie et al. using two microarray datasets of peripheral blood T cells from patients with RRMS and matched controls. These authors identified higher levels of SNHG1 in RRMS patients compared with the controls [31]. Our findings are also in agreement with reports concerning upregulation of SNHG1 in other neurological disorders such as in vitro cell models of Parkinson’s disease (PD) [29] and Alzheimer’s disease (AD) [59], a mouse model of PD [29], and human postmortem brain tissue samples derived from PD patients [28].



It is noteworthy that knockdown of SNHG1 exerted neuronal protective effects and attenuated Aβ25-35-induced neuronal injury in an in vitro AD cell model [59]. Additionally, SNHG1 upregulation promoted microglial activation and enhanced the levels of NLRP3 inflammasome components in activated BV2 microglial cells. Moreover, downregulation of SNHG1 suppressed microglial activation markers and reduced NLRP3, ASC, and cleaved caspase-1 levels in the midbrain tissues of an MPTP-induced PD mouse model [29].



On the other hand, lincRNA-Cox2 has been recognized as a critical component of the inflammatory response. It is highly induced by TLRs and can mediate both the activation and repression of immune genes [60]. Recently, Xue and his colleague have identified lincRNA-Cox2 as a regulator of NLRP3-inflammasome-mediated neuroinflammation. They demonstrated that lincRNA-Cox2 could bind directly to NF-κB p65 to promote its translocation to the nucleus, thus enhancing the expression of the NLRP3 inflammasome sensor and the ASC adaptor. Furthermore, knockdown of lincRNA-Cox2 inhibited the activation of the NLRP3 inflammasome and prevented caspase-1 activation, resulting in decreased IL-1β secretion in activated microglia and macrophages in vitro. Additionally, knockdown of lincRNA-Cox2 improved the clinical outcome of EAE in the mouse model of MS and alleviated neuroinflammation in vivo [34].



Inflammasomes are multiprotein complexes of the innate immune response involved in the activation of caspase-1, the maturation and secretion of pro-inflammatory cytokines IL-1β and IL-18, and the induction of pyroptosis that releases additional inflammatory mediators. Of these, the NLRP3 inflammasome has been described as a critical and necessary mediator in the progression of EAE and MS [12,17]. Apart from its role in inflammation, it is believed that NLRP3 inflammasome activation is associated with disease pathogenesis via other mechanisms such as promotion of pathogenic Th1 and Th17 cell differentiation, recruiting T cells to the CNS, and neurodegeneration [14,15,16,17].



The results of the present study revealed a significant increase in the gene expression levels of NLRP3, ASC, and caspase-1 along with elevated serum levels of IL-1β in RRMS patients compared to healthy controls. Additionally, RRMS patients during active relapses showed significantly higher levels than those in remission. Previous work by Peelen et al. showed upregulated gene expression of the NLRP3 inflammasome components including NLRP3, caspase-1, and IL-1β in PBMCs from RRMS patients in comparison to the control group [18]. Similarly, serum levels of caspase-1 and ASC were higher in MS patients than in the control group [20]. Indeed, the expression of NLRP3, ASC, caspase-1, and IL-1β were reported to be significantly increased in active demyelinating lesion of MS, while their expression levels were greatly reduced in chronic inactive lesions of MS [61]. Furthermore, the gene expression level of the NLRP3 in PBMCs of RRMS patients in remission was found to be significantly lower than that of patients at relapse [62].



In fact, there are no data available about the relationship of the NLRP3 inflammasome with either SNHG1 or lincRNA-Cox2 in MS patients. Herein, we found that the expression of both SNHG1 and lincRNA-Cox2 were positively correlated with NLRP3, ASC, caspase-1, and IL-1β. Additionally, both lncRNAs were positively correlated with each other. These findings comply with the neuroinflammatory roles of SNHG1 and lincRNA-Cox2 in other neurodegenerative diseases and imply that the impact of both lncRNAs on RRMS pathogenesis and disease activity might be mediated, at least partially, via targeting NLRP3 inflammasome activation. Future studies are needed to determine the exact mechanism underlying such activation.



We observed that both SNHG1 and lincRNA-Cox2 serum levels were negatively correlated with lnc-EGFR, FOXP3, and TGF-β1. Such negative correlation may be justified by their opposing role in MS development and might also be related to the recent findings of Park et al., who demonstrated a novel effect for the pro-inflammatory sensor NLRP3 as a negative regulator for Treg cell differentiation through reducing FOXP3 expression [63].



Interestingly, upon stratifying both relapse and remission patients according to their ARR, significantly elevated levels of SNHG1, lincRNA-Cox2, NLRP3, ASC, and caspase-1 as well as IL-1β were observed in patients during relapses with high relapse frequency (ARR ≥ 1) than those in remission with both low (ARR < 1) and high (ARR ≥ 1) relapse frequency. Moreover, correlation analyses showed that both SNHG1 and lncRNA-Cox2 were positively correlated with ARR. Hence, our results suggest an association of these lncRNAs and the NLRP3 inflammasome component levels with exacerbation of RRMS and disease progression.



In this study, ROC analysis showed that SNHG1, lincRNA-Cox2, NLRP3, ASC, and caspase-1 as well as IL-1β exhibit strong prognostic performance in discriminating RRMS patients during active relapses from those in remission. The positivity rates for SNHG1, lincRNA-Cox2, NLRP3, ASC, caspase-1, and IL-1β were 74.3%, 71.4%, 85.7%, 77.1%, 71.4%, and 85.7%, respectively, in RRMS patients during relapse, while they were 28.6%, 5.7%, 20%, 25.7%, 11.4%, and 5.7%, respectively, in patients in a remission state. Additionally, univariate logistic regression analysis revealed that both lncRNAs and all NLRP3 inflammasome elements could be used as significant predictors for the progression from a remission state to an active relapse. These outcomes provide additional confirmation of the usage of SNHG1, lincRNA-Cox2, the NLRP3 sensor, the ASC adaptor, caspase-1, and IL-1β as robust biomarkers for predicting RRMS activity.



In summary, this study demonstrated for the first time altered expression profiles of lnc-EGFR, SNHG1, and lincRNA-Cox2 in Egyptian patients with RRMS. The observed downregulation of lnc-EGFR was associated with decreased expression of FOXP3 and reduced levels of TGF-β1, while the upregulation of SNHG1 and lincRNA-Cox2 were positively correlated with overexpression of NLRP3 inflammasome components. Importantly, more pronounced alterations were found in patients during relapses versus those in remission. The three lncRNAs were correlated with the relapse rate in RRMS patients. These findings suggest that low levels of lnc-EGFR and high levels of both SNHG1 and lincRNA-Cox2 are linked to the pathogenesis of RRMS, disease activity, and future progression. Our study also provides evidence for the potential use of the three lncRNAs as biomarkers for RRMS. Nevertheless, the current study was limited by being a single-center study with a relatively small sample size. Therefore, further multicentered studies on large RRMS cohorts with long-term follow-up are warranted to compare outcomes and monitor progression.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/diagnostics13081448/s1, Table S1: Primer sequences used for real-time PCR.





Author Contributions


Conceptualization, H.A.E., S.A.E.-M. and M.M.E.-S.; Data curation, M.S.A.; Formal analysis, M.S.A., H.A.E., M.A.A.H. and M.M.E.-S.; Investigation, S.A.E.-M. and M.M.E.-S.; Methodology, M.S.A. and H.A.E.; Project administration, S.A.E.-M. and M.M.E.-S.; Resources, M.A.A.H.; Software, H.A.E.; Supervision, S.A.E.-M. and M.M.E.-S.; Validation, H.A.E. and M.M.E.-S.; Writing—original draft, M.S.A., H.A.E., M.A.A.H., S.A.E.-M. and M.M.E.-S.; Writing—review and editing, H.A.E. and M.M.E.-S. All authors have read and agreed to the published version of the manuscript.




Funding


This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Research and Ethics committee for Experimental and Clinical studies at Faculty of Pharmacy, Cairo University Cairo, Egypt with approval number; BC (2666), 30 30/3/2020.




Informed Consent Statement


All participants gave written informed consent signed by them. All consents are available upon request.




Data Availability Statement


The authors confirm that the data supporting the findings of this study are available within the article. The raw data are available from Heba A. Ewida (hebaal-lah.atef@fue.edu.eg) upon reasonable request.




Acknowledgments


The authors would like to thank all the study participants.




Conflicts of Interest


The authors declare no competing interest.




References


	



Tuosto, L. Targeting inflammatory T cells in multiple sclerosis: Current therapies and future challenges. Austin J. Mult. Scler. Neuroimmunol. 2015, 2, 1009. [Google Scholar] [CrossRef]

	



Dobson, R.; Giovannoni, G. Multiple sclerosis—A review. Eur. J. Neurol. 2019, 26, 27–40. [Google Scholar] [CrossRef] [PubMed]

	



Lublin, F.D.; Reingold, S.C.; Cohen, J.A.; Cutter, G.R.; Sørensen, P.S.; Thompson, A.J.; Wolinsky, J.S.; Balcer, L.J.; Banwell, B.; Barkhof, F.; et al. Defining the clinical course of multiple sclerosis: The 2013 revisions. Neurology 2014, 83, 278–286. [Google Scholar] [CrossRef] [PubMed]

	



Kalincik, T. Multiple Sclerosis Relapses: Epidemiology, Outcomes and Management. A Systematic Review. Neuroepidemiology 2015, 44, 199–214. [Google Scholar] [CrossRef] [PubMed]

	



Kimura, K. Regulatory T cells in multiple sclerosis. Clin. Exp. Immunol. 2020, 11, 148–155. [Google Scholar] [CrossRef]

	



Calahorra, L.; Camacho-Toledano, C.; Serrano-Regal, M.P.; Ortega, M.C.; Clemente, D. Regulatory Cells in Multiple Sclerosis: From Blood to Brain. Biomedicines 2022, 10, 335. [Google Scholar] [CrossRef]

	



Li, Z.; Li, D.; Tsun, A.; Li, B. FOXP3+ regulatory T cells and their functional regulation. Cell. Mol. Immunol. 2015, 12, 558–565. [Google Scholar] [CrossRef]

	



Williams, L.M.; Rudensky, A.Y. Maintenance of the Foxp3-dependent developmental program in mature regulatory T cells requires continued expression of Foxp3. Nat. Immunol. 2007, 8, 277–284. [Google Scholar] [CrossRef]

	



Zozulya, A.L.; Wiendl, H. The role of regulatory T cells in multiple sclerosis. Nat. Clin. Pract. Neurol. 2008, 4, 384–398. [Google Scholar] [CrossRef]

	



Jamshidian, A.; Shaygannejad, V.; Pourazar, A.; Zarkesh-Esfahani, S.-H.; Gharagozloo, M. Biased Treg/Th17 balance away from regulatory toward inflammatory phenotype in relapsed multiple sclerosis and its correlation with severity of symptoms. J. Neuroimmunol. 2013, 262, 106–112. [Google Scholar] [CrossRef]

	



Venken, K.; Hellings, N.; Thewissen, M.; Somers, V.; Hensen, K.; Rummens, J.L.; Medaer, R.; Hupperts, R.; Stinissen, P. Compromised CD4+ CD25(high) regulatory T-cell function in patients with relapsing-remitting multiple sclerosis is correlated with a reduced frequency of FOXP3-positive cells and reduced FOXP3 expression at the single-cell level. Immunology 2008, 123, 79–89. [Google Scholar] [CrossRef] [PubMed]

	



Yavarpour-Bali, H.; Ghasemi-Kasman, M. The role of inflammasomes in multiple sclerosis. Mult. Scler. 2021, 27, 1323–1331. [Google Scholar] [CrossRef] [PubMed]

	



Voet, S.; Srinivasan, S.; Lamkanfi, M.; van Loo, G. Inflammasomes in neuroinflammatory and neurodegenerative diseases. EMBO Mol. Med. 2019, 11, e10248. [Google Scholar] [CrossRef] [PubMed]

	



Barclay, W.; Shinohara, M.L. Inflammasome activation in multiple sclerosis and experimental autoimmune encephalomyelitis (EAE). Brain Pathol. 2017, 27, 213–219. [Google Scholar] [CrossRef]

	



Inoue, M.; Williams, K.L.; Gunn, M.D.; Shinohara, M.L. NLRP3 inflammasome induces chemotactic immune cell migration to the CNS in experimental autoimmune encephalomyelitis. Proc. Natl. Acad. Sci. USA 2012, 109, 10480–10485. [Google Scholar] [CrossRef]

	



Gharagozloo, M.; Gris, K.V.; Mahvelati, T.; Amrani, A.; Lukens, J.R.; Gris, D. NLR-Dependent Regulation of Inflammation in Multiple Sclerosis. Front. Immunol. 2017, 8, 2012. [Google Scholar] [CrossRef]

	



Shao, S.; Chen, C.; Shi, G.; Zhou, Y.; Wei, Y.; Fan, N.; Yang, Y.; Wu, L.; Zhang, T. Therapeutic potential of the target on NLRP3 inflammasome in multiple sclerosis. Pharmacol. Ther. 2021, 227, 107880. [Google Scholar] [CrossRef]

	



Peelen, E.; Damoiseaux, J.; Muris, A.-H.; Knippenberg, S.; Smolders, J.; Hupperts, R.; Thewissen, M. Increased inflammasome related gene expression profile in PBMC may facilitate T helper 17 cell induction in multiple sclerosis. Mol. Immunol. 2015, 63, 521–529. [Google Scholar] [CrossRef]

	



Mamik, M.K.; Power, C. Inflammasomes in neurological diseases: Emerging pathogenic and therapeutic concepts. Brain 2017, 140, 2273–2285. [Google Scholar] [CrossRef]

	



Keane, R.W.; Dietrich, W.D.; de Rivero Vaccari, J.P. Inflammasome Proteins As Biomarkers of Multiple Sclerosis. Front. Neurol. 2018, 9, 135. [Google Scholar] [CrossRef]

	



Yousuf, A.; Qurashi, A. Non-coding RNAs in the Pathogenesis of Multiple Sclerosis. Front. Genet. 2021, 12, 717922. [Google Scholar] [CrossRef] [PubMed]

	



Haridy, S.F.; Shahin, N.N.; Shabayek, M.I.; Selim, M.M.; Abdelhafez, M.A.; Motawi, T.K. Diagnostic and prognostic value of the RUNXOR/RUNX1 axis in multiple sclerosis. Neurobiol. Dis. 2023, 178, 106032. [Google Scholar] [CrossRef] [PubMed]

	



Pandey, R.; Prakash, V.; Verma, S.; Sankhwar, S.N.; Ahmad, M.K. Circulating serum levels of Fox P3, GATA-3 and IL-17 A as potential biomarkers in patients with symptomatic asthma. J. Commun. Dis. 2019, 51, 28–37. [Google Scholar]

	



Bocchetti, M.; Scrima, M.; Melisi, F.; Luce, A.; Sperlongano, R.; Caraglia, M.; Zappavigna, S.; Cossu, A. LncRNAs and Immunity: Coding the Immune System with Noncoding Oligonucleotides. J. Neuroimmunol. 2021, 22, 1741. [Google Scholar] [CrossRef]

	



Wang, W.; Yang, N.; Yang, Y.-H.; Wen, R.; Liu, C.-F.; Zhang, T.-N. Non-Coding RNAs: Master Regulators of Inflammasomes in Inflammatory Diseases. J. Inflamm. Res. 2021, 14, 5023–5050. [Google Scholar] [CrossRef] [PubMed]

	



Han, Z.; Hua, J.; Xue, W.; Zhu, F. Integrating the Ribonucleic Acid Sequencing Data from Various Studies for Exploring the Multiple Sclerosis-Related Long Noncoding Ribonucleic Acids and Their Functions. Front. Genet. 2019, 10, 1136. [Google Scholar] [CrossRef]

	



Jiang, R.; Tang, J.; Chen, Y.; Deng, L.; Ji, J.; Xie, Y.; Wang, K.; Jia, W.; Chu, W.-M.; Sun, B. The long noncoding RNA lnc-EGFR stimulates T-regulatory cells differentiation thus promoting hepatocellular carcinoma immune evasion. Nat. Commun. 2017, 8, 15129. [Google Scholar] [CrossRef]

	



Kraus, T.F.J.; Haider, M.; Spanner, J.; Steinmaurer, M.; Dietinger, V.; Kretzschmar, H.A. Altered Long Noncoding RNA Expression Precedes the Course of Parkinson’s Disease-a Preliminary Report. Mol. Neurobiol. 2017, 54, 2869–2877. [Google Scholar] [CrossRef]

	



Cao, B.; Wang, T.; Qu, Q.; Kang, T.; Yang, Q. Long Noncoding RNA SNHG1 Promotes Neuroinflammation in Parkinson’s Disease via Regulating miR-7/NLRP3 Pathway. J. Neurosci. 2018, 388, 118–127. [Google Scholar] [CrossRef]

	



Dong, J.; Fu, T.; Yang, Y.; Mu, Z.; Li, X. Long Noncoding RNA SNHG1 Promotes Lipopolysaccharide-Induced Activation and Inflammation in Microglia via Targeting miR-181b. Neuroimmunomodulation 2021, 28, 255–265. [Google Scholar] [CrossRef]

	



Sabaie, H.; Salkhordeh, Z.; Asadi, M.R.; Ghafouri-Fard, S.; Amirinejad, N.; Behzadi, M.A.; Hussen, B.M.; Taheri, M.; Rezazadeh, M. Long Non-Coding RNA- Associated Competing Endogenous RNA Axes in T-Cells in Multiple Sclerosis. Front. Immunol. 2021, 12, 770679. [Google Scholar] [CrossRef] [PubMed]

	



Mathy, N.W.; Chen, X.-M. Long non-coding RNAs (lncRNAs) and their transcriptional control of inflammatory responses. J. Biol. Chem. 2017, 292, 12375–12382. [Google Scholar] [CrossRef] [PubMed]

	



Hu, G.; Gong, A.Y.; Wang, Y.; Ma, S.; Chen, X.; Chen, J.; Su, C.-J.; Shibata, A.; Strauss-Soukup, J.K.; Drescher, K.M.; et al. LincRNA-Cox2 Promotes Late Inflammatory Gene Transcription in Macrophages through Modulating SWI/SNF-Mediated Chromatin Remodeling. J. Immunol. 2016, 196, 2799–2808. [Google Scholar] [CrossRef] [PubMed]

	



Xue, Z.; Zhang, Z.; Liu, H.; Li, W.; Guo, X.; Zhang, Z.; Liu, Y.; Jia, L.; Li, Y.; Ren, Y.; et al. lincRNA-Cox2 regulates NLRP3 inflammasome and autophagy mediated neuroinflammation. Cell Death Differ. 2019, 26, 130–145. [Google Scholar] [CrossRef]

	



Polman, C.H.; Reingold, S.C.; Banwell, B.; Clanet, M.; Cohen, J.A.; Filippi, M.; Fujihara, K.; Havrdova, E.; Hutchinson, M.; Kappos, L.; et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann. Neurol. 2011, 69, 292–302. [Google Scholar] [CrossRef]

	



Kurtzke, J.F. Rating neurologic impairment in multiple sclerosis: An expanded disability status scale (EDSS). Neurology 1983, 33, 1444–1452. [Google Scholar] [CrossRef]

	



Belman, A.L.; Krupp, L.B.; Olsen, C.S.; Rose, J.W.; Aaen, G.; Benson, L.; Chitnis, T.; Gorman, M.; Graves, J.; Harris, Y.; et al. Characteristics of Children and Adolescents with Multiple Sclerosis. Pediatrics 2016, 138, e20160120. [Google Scholar] [CrossRef]

	



Ewida, H.A.; Zayed, R.K.; Darwish, H.A.; Shaheen, A.A. Circulating lncRNAs HIF1A-AS2 and LINLK-A: Role and relation to hypoxia-inducible factor-1α in cerebral stroke patients. Mol. Neurobiol. 2021, 58, 4564–4574. [Google Scholar] [CrossRef]

	



Zayed, A.A.; Seleem, M.M.; Darwish, H.A.; Shaheen, A.A. Role of long noncoding RNAs; BDNF-AS and 17A and their relation to GABAergic dysfunction in Egyptian epileptic patients. Metab. Brain Dis. 2023, 1–12. [Google Scholar] [CrossRef]

	



Fleige, S.; Pfaffl, M.W. RNA integrity and the effect on the real-time qRT-PCR performance. Mol. Aspects Med. 2006, 27, 126–139. [Google Scholar] [CrossRef]

	



Hauser, S.L.; Cree, B.A. Treatment of Multiple Sclerosis: A Review. Am. J. Med. 2020, 133, 1380–1390.e2. [Google Scholar] [CrossRef] [PubMed]

	



Hur, K.; Kim, S.-H.; Kim, J.-M. Potential Implications of Long Noncoding RNAs in Autoimmune Diseases. Immune Netw. 2019, 19, e4. [Google Scholar] [CrossRef] [PubMed]

	



Kong, K.-F.; Fu, G.; Zhang, Y.; Yokosuka, T.; Casas, J.; Canonigo-Balancio, A.J.; Bécart, S.; Kim, G.; Yates, J.R.; Kronenberg, M.; et al. Protein kinase C-η controls CTLA-4-mediated regulatory T cell function. Nat. Immunol. 2014, 15, 465–472. [Google Scholar] [CrossRef]

	



Kleinewietfeld, M.; Hafler, D.A. Regulatory T cells in autoimmune neuroinflammation. Immunol. Rev. 2014, 259, 231–244. [Google Scholar] [CrossRef]

	



Alatab, S.; Maghbooli, Z.; Hossein-Nezhad, A.; Khosrofar, M.; Mokhtari, F. Cytokine profile, Foxp3 and nuclear factor-kB ligand levels in multiple sclerosis subtypes. Minerva Med. 2011, 102, 461–468. [Google Scholar] [PubMed]

	



Frisullo, G.; Nociti, V.; Iorio, R.; Plantone, D.; Patanella, A.K.; Tonali, P.A.; Batocchi, A.P. CD8(+)Foxp3(+) T cells in peripheral blood of relapsing-remitting multiple sclerosis patients. Hum. Immunol. 2010, 71, 437–441. [Google Scholar] [CrossRef]

	



Frisullo, G.; Nociti, V.; Iorio, R.; Patanella, A.K.; Caggiula, M.; Marti, A.; Sancricca, C.; Angelucci, F.; Mirabella, M.; Tonnali, P.A.; et al. Regulatory T cells fail to suppress CD4T+-bet+ T cells in relapsing multiple sclerosis patients. Immunology 2009, 127, 418–428. [Google Scholar] [CrossRef]

	



Ghadiri, N.; Emamnia, N.; Ganjalikhani-Hakemi, M.; Ghaedi, K.; Etemadifar, M.; Salehi, M.; Shirzad, H.; Nasr-Esfahani, M.H. Analysis of the expression of mir-34a, mir-199a, mir-30c and mir-19a in peripheral blood CD4+T lymphocytes of relapsing-remitting multiple sclerosis patients. Gene 2018, 659, 109–117. [Google Scholar] [CrossRef]

	



Lee, P.W.; Severin, M.E.; Lovett-Racke, A.E. TGF-β regulation of encephalitogenic and regulatory T cells in multiple sclerosis. Eur. J. Immunol. 2017, 47, 446–453. [Google Scholar] [CrossRef]

	



Rollnik, J.D.; Sindern, E.; Schweppe, C.; Malin, J.P. Biologically active TGF-beta 1 is increased in cerebrospinal fluid while it is reduced in serum in multiple sclerosis patients. Acta Neurol. Scand. 1997, 96, 101–105. [Google Scholar] [CrossRef]

	



Balasa, R.; Maier, S.; Voidazan, S.; Hutanu, A.; Bajko, Z.; Motataianu, A.; Brandusa, T.; Tiu, C. Assessment of Interleukin-17A, Interleukin-10 and Transforming Growth Factor-Beta1 Serum Titers in Relapsing Remitting Multiple Sclerosis Patients Treated with Avonex, Possible Biomarkers for Treatment Response. CNS Neurol. Disord. Drug Targets 2017, 16, 93–101. [Google Scholar] [CrossRef] [PubMed]

	



Dolati, S.; Babaloo, Z.; Ayromlou, H.; Ahmadi, M.; Rikhtegar, R.; Rostamzadeh, D.; Roshangar, L.; Nouri, M.; Mehdizadeh, A.; Younesi, V.; et al. Nanocurcumin improves regulatory T-cell frequency and function in patients with multiple sclerosis. J. Neuroimmunol. 2019, 327, 15–21. [Google Scholar] [CrossRef] [PubMed]

	



Losy, J.; Michałowska-Wender, G. In vivo effect of interferon-beta 1a on interleukin-12 and TGF-beta(1) cytokines in patients with relapsing-remitting multiple sclerosis. Acta Neurol. Scand. 2002, 106, 44–46. [Google Scholar] [CrossRef] [PubMed]

	



Ganji, A.; Monfared, M.E.; Shapoori, S.; Nourbakhsh, P.; Ghazavi, A.; Ghasami, K.; Mosayebi, G. Effects of interferon and glatiramer acetate on cytokine patterns in multiple sclerosis patients. Cytokine 2020, 126, 154911. [Google Scholar] [CrossRef]

	



Nicoletti, F.; Di Marco, R.; Patti, F.; Reggio, E.; Zaccone, P.; Stivala, F.; Meroni, P.L.; Reggio, A. Blood levels of transforming growth factor-beta 1 (TGF-beta1) are elevated in both relapsing remitting and chronic progressive multiple sclerosis (MS) patients and are further augmented by treatment with interferon-beta 1b (IFN-beta1b). Clin. Exp. Immunol. 1998, 113, 96–99. [Google Scholar] [CrossRef]

	



Hollifield, R.D.; Harbige, L.S.; Pham-Dinh, D.; Sharief, M.K. Evidence for cytokine dysregulation in multiple sclerosis: Peripheral blood mononuclear cell production of pro-inflammatory and anti-inflammatory cytokines during relapse and remission. J. Autoimmun. 2003, 36, 133–141. [Google Scholar] [CrossRef]

	



Derfuss, T.; Ontaneda, D.; Nicholas, J.; Meng, X.; Hawker, K. Relapse rates in patients with multiple sclerosis treated with fingolimod: Subgroup analyses of pooled data from three phase 3 trials. Mult. Scler. Relat. Disord. 2016, 8, 124–130. [Google Scholar] [CrossRef]

	



Tripathi, S.; Shree, B.; Mohapatra, S.; Swati; Basu, A.; Sharma, V. The Expanding Regulatory Mechanisms and Cellular Functions of Long Non-coding RNAs (lncRNAs) in Neuroinflammation. Mol. Neurobiol. 2021, 58, 2916–2939. [Google Scholar] [CrossRef]

	



Wang, H.; Lu, B.; Chen, J. Knockdown of lncRNA SNHG1 attenuated Aβ(25-35)-inudced neuronal injury via regulating KREMEN1 by acting as a ceRNA of miR-137 in neuronal cells. Biochem. Biophys. Res. Commun. 2019, 518, 438–444. [Google Scholar] [CrossRef]

	



Carpenter, S.; Aiello, D.; Atianand, M.K.; Ricci, E.P.; Gandhi, P.; Hall, L.L.; Byron, M.; Monks, B.; Henry-Bezy, M.; Lawrence, J.B.; et al. A long noncoding RNA mediates both activation and repression of immune response genes. Science 2013, 341, 789–792. [Google Scholar] [CrossRef]

	



Kawana, N.; Yamamoto, Y.; Ishida, T.; Saito, Y.; Konno, H.; Arima, K.; Satoh, J.-I. Reactive astrocytes and perivascular macrophages express NLRP 3 inflammasome in active demyelinating lesions of multiple sclerosis and necrotic lesions of neuromyelitis optica and cerebral infarction. Clin. Exp. Immunol. 2013, 4, 296–304. [Google Scholar]

	



Imani, D.; Azimi, A.; Salehi, Z.; Rezaei, N.; Emamnejad, R.; Sadr, M.; Izad, M. Association of nod-like receptor protein-3 single nucleotide gene polymorphisms and expression with the susceptibility to relapsing-remitting multiple sclerosis. Int. J. Immunogenet. 2018, 45, 329–336. [Google Scholar] [CrossRef] [PubMed]

	



Park, S.-H.; Ham, S.; Lee, A.; Möller, A.; Kim, T.S. NLRP3 negatively regulates Treg differentiation through Kpna2-mediated nuclear translocation. J. Biol. Chem. 2019, 294, 17951–17961. [Google Scholar] [CrossRef] [PubMed]








[image: Diagnostics 13 01448 g001 550] 





Figure 1. Expression levels of lnc-EGFR and FOXP3 and serum TGF-β1 levels in (A) healthy controls (HC) (n = 30) and RRMS patients (n = 70), (B) HC (n = 30), RRMS patients during relapse (n = 35), and RRMS patients in remission (n = 35), and (C) RRMS patients during relapse and in remission with ARR < 1 (n = 7), (n = 16) and ARR ≥ 1 (n = 28), (n = 19) respectively. Box plots show the median as a band inside each box, while boxes and whiskers delineate 25–75th and 10–90th percentiles, respectively. Dots outside the whiskers indicate outliers. Significant p-values are indicated on graph at p < 0.01. 
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Figure 2. Expression levels of SNHG1, linRNA-Cox2, NLRP3, ASC, and caspase-1 and serum IL-1β levels in (A) healthy controls (HC) (n = 30) and RRMS patients (n = 70), (B) HC (n = 30), RRMS patients during relapse (n = 35), and RRMS patients in remission (n = 35). Box plots show the median as a band inside each box, while boxes and whiskers delineate 25–75th and 10–90th percentiles, respectively. Dots outside the whiskers indicate outliers. Significant p-values are indicated on the graph at p < 0.01. 
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Figure 3. Expression levels of SNHG1, lincRNA-Cox2, NLRP3, ASC, and caspase-1 and serum IL-1β levels in RRMS patients during relapse and in remission with ARR < 1 (n = 7 and 16, respectively) and ARR ≥ 1 (n = 28 and 19, respectively. Box plots show the median as a band inside each box, while boxes and whiskers delineate 25–75th and 10–90th percentiles, respectively. Dots outside the whiskers indicate outliers. Significant p-values are indicated on the graph at p < 0.05. 
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Figure 4. Receiver operating characteristic (ROC) curves showing (A) the diagnostic power of lnc-EGFR, FOXP3, and TGF-β1 in differentiating RRMS patients (n = 70) from healthy controls (n = 30) and (B) the prognostic power of all the studied biomarkers in differentiating RRMS patients during relapse (n = 35) from patients in remission (n = 35). The arrow denotes the best cutoff point. 
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Table 1. Demographic and clinical characteristics of the studied groups.
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Groups

	
Healthy Controls

(n = 30)

	
RRMS Patients

	
p-Value




	
Parameters

	

	
Relapse

(n = 35)

	
Remission

(n = 35)






	
Age (Years)

	

	

	

	




	
Range

	
22–45

	
20–50

	
19–48

	
0.106




	
Median

	
30

	
35

	
32




	
Gender:

	

	

	

	




	
-Male n (%)

	
10 (33.3%)

	
9 (25.7%)

	
11 (31.4%)

	
0.779




	
-Female n (%)

	
20 (66.7%)

	
26 (74.3%)

	
24 (68.6%)

	




	
MS Family History

	

	

	

	




	
-Negative

	
\\

	
33 (94.3%)

	
33 (94.3%)

	
0.693




	
-Positive

	
\\

	
2 (5.7%)

	
2 (5.7%)




	
Disease Duration (years)

	

	

	

	




	
-Range

	
\\

	
2–10

	
1–10

	
0.282




	
-Median

	
\\

	
5

	
5




	
Relapses in Last 2 Years

	

	

	

	




	
Range

	
\\

	
2–6

	
1–5

	
0.658




	
Median

	
\\

	
3

	
3




	
ARR in Last 2 Years

	

	

	

	




	
-Range

	
\\

	
1–3

	
0.5–2.5

	
0.672




	
-Median

	
\\

	
1.5

	
1.5




	
EDSS Score

	

	

	

	




	
-Range

	
\\

	
1.5–6

	
1–6

	
0.04




	
-Median

	
\\

	
3

	
2




	
Treatment: n (%)

	

	

	

	




	
-Interferon-β

	
\\

	
25 (71.4%)

	
23 (65.7%)

	
0.071




	
-Fingolimod

	
\\

	
10 (28.6%)

	
12 (34.3%)








RRMS: relapsing–remitting multiple sclerosis. EDSS: expanded disability status scale. ARR: annualized relapse rate.
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Table 2. Pearson’s correlation analysis of lncRNA (lnc-EGFR, SNHG1, and lincRNA-Cox2) levels with clinical characteristics and biochemical markers in RRMS patients.
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	Lnc-EGFR
	SNHG1
	lincRNA-Cox2





	Age
	−0.198 *
	0.262 **
	N.S.



	Disease Duration
	N.S.
	N.S.
	N.S.



	Relapses in Last 2 Years
	−0.331 **
	N.S.
	0.298 *



	ARR
	−0.321 **
	0.245 *
	0.283 *



	EDSS Score
	−0.347 **
	N.S.
	0.322 **



	Lnc-EGFR
	-----
	−0.705 **
	−0.648 **



	FOXP3
	0.721 **
	−0.563 **
	−0.606 **



	TGF-β1
	0.733 **
	−0.777 **
	−0.742 **



	SNHG1
	−0.705 **
	-----
	0.706 **



	lincRNA-Cox2
	−0.648 **
	0.706 **
	-----



	NLRP3
	−0.631 **
	0.708 **
	0.824 **



	ASC
	−0.584 **
	0.649 **
	0.594 **



	Caspase-1
	−0.581 **
	0.689 **
	0.776 **



	IL-1β
	−0.717 **
	0.692 **
	0.768 **







Significant correlation at * p < 0.05, ** p < 0.01. N.S.: non-significant.
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Table 3. Positivity rates of the studied biomarkers and overall sensitivity, specificity, PPV, NPV, and accuracy.
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	I-Between RRMS Patients and Healthy Controls
	Healthy Controls

(n = 30)
	RRMS Patients

(n = 70)
	Chi-Square

X2
	p-Value
	Sensitivity (%)
	Specificity

(%)
	PPV (%)
	NPV (%)
	Accuracy

(%)





	Lnc-EGFR
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥0.78)
	26 (86.7%)
	6 (8.6%)
	
	
	
	
	
	
	



	-No. of −ve cases (<0.78)
	4 (13.3%)
	64 (91.4%)
	58.859
	0.000
	86.7
	91.4
	81.25
	94.11
	89.05



	FOXP3
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥0.83)
	26 (86.7%)
	5 (7.1%)
	
	
	
	
	
	
	



	-No. of −ve cases (<0.83)
	4 (13.3%)
	65 (92.9%)
	62.087
	0.000
	86.7
	92.9
	83.87
	94.2
	89.8



	TGF-β1
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥82.45)
	29 (96.7%)
	3 (4.3%)
	
	
	
	
	
	
	



	-No. of −ve cases (<82.45)
	1 (3.3%)
	67 (95.7%)
	82.362
	0.000
	96.7
	95.7
	90.6
	98.5
	96.2



	II-Between RRMS patients during relapse and in remission
	Relapse

(n = 35)
	Remission

(n = 35)
	Chi-Square

X2
	p-Value
	Sensitivity (%)
	Specificity

(%)
	PPV (%)
	NPV (%)
	Accuracy

(%)



	Lnc-EGFR
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥0.44)
	7 (20%)
	33 (94.3%)
	
	
	
	
	
	
	



	-No. of −ve cases (<0.44)
	28 (80%)
	2 (5.7%)
	39.433
	0.000
	94.3
	80
	82.5
	93.33
	87.15



	FOXP3
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥0.53)
	6 (17.1%)
	25 (71.4%)
	
	
	
	
	
	
	



	-No. of −ve cases (<0.53)
	29 (82.9%)
	10 (28.6%)
	20.902
	0.000
	71.4
	82.9
	80.6
	74.35
	77.15



	TGF-β1
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥29)
	2 (5.7%)
	32 (91.4%)
	
	
	
	
	
	
	



	-No. of −ve cases (<29)
	33 (94.3%)
	3 (8.6%)
	51.471
	0.000
	91.4
	94.3
	94.11
	91.66
	92.85



	SNHG1
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥214.5)
	26 (74.3%)
	10 (28.6%)
	
	
	
	
	
	
	



	-No. of −ve cases (<214.5)
	9 (25.7%)
	25 (71.4%)
	14.641
	0.000
	74.3
	71.4
	72.22
	73.53
	72.85



	LincRNA-Cox2
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥261.3)
	25 (71.4)
	2 (5.7%)
	
	
	
	
	
	
	



	-No. of −ve cases (<261.3)
	10 (28.6%)
	33 (94.3%)
	31.895
	0.000
	71.4
	94.3
	92.59
	76.74
	82.85



	NLRP3
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥207.3)
	30 (85.7%)
	7 (20%)
	
	
	
	
	
	
	



	-No. of −ve cases (<207.3)
	5 (14.3%)
	28 (80%)
	30.328
	0.000
	85.7
	80
	81.08
	84.85
	82.85



	ASC
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥73)
	27 (77.1%)
	9 (25.7%)
	
	
	
	
	
	
	



	-No. of −ve cases (<73)
	8 (22.9%)
	26 (74.3%)
	18.529
	0.000
	77.1
	74.3
	75
	76.47
	75.7



	Caspase-1
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥98.4)
	25 (71.4%)
	4 (11.4%)
	
	
	
	
	
	
	



	-No. of −ve cases (<98.4)
	10 (28.6%)
	31 (88.6%)
	25.963
	0.000
	71.4
	88.6
	86.2
	75.6
	80



	IL-1β
	
	
	
	
	
	
	
	
	



	-No. of +ve cases (≥18.4)
	30 (85.7%)
	2 (5.7%)
	
	
	
	
	
	
	



	-No. of −ve cases (<18.4)
	5 (14.3%)
	33 (94.3%)
	45.132
	0.000
	85.7
	94.3
	93.75
	86.84
	90
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Table 4. Univariant binary logistic regression analysis.
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Parameters

	
B

	
S.E.

	
p-Value

	
Odds Ratio

	
95% CI






	
Biomarkers for diagnosis of RRMS




	
Lnc-EGFR

	
−11.64

	
2.46

	
0.000

	
0.000

	
0.000–0.001




	
FOXP3

	
−6.96

	
1.33

	
0.000

	
0.001

	
0.000–0.013




	
TGF-β1

	
−0.163

	
0.064

	
0.012

	
0.850

	
0.749–0.964




	
Biomarkers that predict prognosis of relapse in RRMS patients




	
Lnc-EGFR

	
−9.491

	
2.18

	
0.000

	
0.000

	
0.000–0.005




	
FOXP3

	
−6.62

	
1.703

	
0.000

	
0.001

	
0.000–0.038




	
TGF-β1

	
−0.529

	
0.143

	
0.000

	
0.589

	
0.445–0.780




	
SNHG1

	
0.013

	
0.003

	
0.000

	
1.014

	
1.007–1.020




	
LincRNA-Cox2

	
0.018

	
0.004

	
0.000

	
1.018

	
1.010–1.026




	
NLRP3

	
0.017

	
0.004

	
0.000

	
1.017

	
1.010–1.024




	
ASC

	
0.021

	
0.006

	
0.001

	
1.022

	
1.009–1.034




	
Caspase-1

	
0.038

	
0.009

	
0.000

	
1.038

	
1.020–1.057




	
IL-1β

	
0.480

	
0.122

	
0.000

	
1.616

	
1.272–2.053




	
EDSS

	
1.742

	
0.825

	
0.035

	
5.712

	
1.135–28.75




	
Relapses in Last 2 Years

	
0.737

	
0.248

	
0.003

	
2.089

	
1.284–3.409




	
ARR

	
1.474

	
0.497

	
0.003

	
4.365

	
1.65–11.56

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
g
O = Vg 5
= =R - == - -
BB BEE
Ta] T
- " 3|7 =|Y
S S o A 3| 5
: S i HE
Y v S al S
=7 w m
lal * 1=l +—v
I T T T I T m W W L 5 I T
g 8 = - 3 8 - = & & W s £ z
a . (uy/3d)auo) gy-1 " 3 P104 € (jui/3d)yau0) d1-11
dduey) prog SN 4D P1o4 €4U'IN
e - "
. . M R (=1
M M =] P.u N M =
¥ v A3 Y|
=¥ =% =) & =
v
1l +T 1al T
£ < < £ - - § £ g L L °
— — y— - - f
g 2 - < g8 & -~ éf 8 s % " £ § & F
o — - —
aBuRY)) Prog 7X0)-V\YUI[ aduey) proj -asedse) aduey?) prog 7X0D)-yNYouI| asuey) proy J-osedse)
5} T ——]
© = 0.
=, % — @
s = 2| = S| &l
e : T == sl 1
; s e iE
e =9 = = ]
v v
O N
1 1 1 1 1 1 1 1 I 1 1 1 I 1 1 1
e T g "5 gk 3= 4 2283 §ER =2
A aguey) piog IDHNS aBueYd plog ISV o asuey) piog IDHNS asueyd piog DSV






nav.xhtml


  diagnostics-13-01448


  
    		
      diagnostics-13-01448
    


  




  





media/file2.png
A 10 1000-
g 10 p<0.01 - p<0.01 =
= ob =
< = ~
G = 2
= 1- % Q ~
S | Y B = 2
: DR S 14 & 1004
S 0.1- 7 < =
= x =
g : :
-
0.01 0.1 10
B ,, P00 10- p<0.01 . p<0.01
= & ' ' = ' ' E HC
= p<0.01 p<0.01 &
-g : “ : g 'p<0.01l P<0.0]| % p<0.01 p<0.01 5t Relapse
@ = I 11 1 2 } | |
T 17 o Py § E& Remission
I = =
: S 14 S 100+
g 0.1- = 2
' @
L s 2 ==
0.01 0.1 10
C %6 p<0.01 . 10- 1000~ . p<0.01 |
& <0.01 | o p<0.05 ~ [ Relapse(ARR<I)
|_P_|- p<0.01
.§ | p<0.01 | %n p<0.01 ' EO <Ir| B Relapse(ARR>1)
g & o b s p<0.01 % % Bl Remission(ARR<I)
< % % - | i g - }—|l B Remission(ARR>1)
o c 1 S 100
= o —
o 0.11 > % o % i
= — A z
E p<0.01 o o oes) %
0.01 0.1 10






media/file5.jpg
NG Fod Changs

ASC Fold change

H

H

H

BLi L-PTge Hitgy
stgj |t 1000

@ RespeaRrel
= i)

@ RemiinARRCD)
[y -

10






media/file3.jpg
1000 > 1000
g [ L
3w 3w %
T =

£ oo N E=T 1 o

- - i, =2l =8

g o = i — | -

. g '

- i s

L I N Y e

g §
*Z
s L
H
o
4]
L

e






media/file1.jpg
1582

. 3] HE
B R I35k
L] LR HE

peoat

o
= _
-
=

§ & & ¥ 9§ ¥ =
e [ T [T ———

i
- mmw%l
il

»e,
et
0.
A

it
EEP k
U 4

g 8 b oz
=

SEpp——






media/file7.jpg
— ~
2 ,
 LacEGFR “FOXP3. % T TGEpL
Senivines57% Sominiy-s67% £ Semiig=067%
i Spetcyosiomhe| Shncins 1
periin : pren
= T ety Specicty
N <
“ LnckGrR o
7 Staiiven i
Spetiyss , Spetin-si
I prry ey ey
T ety 3 FEOT ESpeiin
r 4 - ~
G i
SNHGE * lineRNA-Cox2 ©NLRPY
Semimiyra2% Senitun714% 7 Seniieas
Syt Sy Specinosos
S| sy : e
S T < S ety
-l -l - N
N g l2-
s H Copmer ) wip
Seniorman B Sty ¥ Sentiy=57%
3. Spey s -4 pratire
2 Nt e

1 Sjecificy






media/file0.png





media/file8.png
Al
o.s \
.‘aﬁlﬁ 3} ¥ ‘a} ’
Z Z Z
£ o Lnc-EGFR 2. FOXP3 £ TGF-p1
5 Sensitivity=86.7% | § Sensitivity=86.7% | S Sensitivity=96.7%
Aoz Specificity=91.4%|% ° Specificity=92.9%|“ - Specificity=95.7%
o AUC=0.960 AUC=0.920 AUC=0.996
| 1-Specificity 1-Specificity 1-Specificity
B 1.0 ” S — ~
y \ ///// /’//,,,
& //,,/ P s
%‘ 0.6 .; o /,./ - E o . S d
£.. LncEGFR |3, " FOXP3 Z- " TGF-1
S Sensitivity=94.3%| 2 ’ Sensitivity=71.4% ;a ,// Sensitivity=91.4%
@ o2 Specificity=80% | <= Specificity=82.9%| °* Specificity=94.3%
o AUC=(0.888 AUC=0.818 AUC=0.969
a 1-Specificity | 1-Specificity - 1-Specificity
I e —1 o
os ) - , ’///// P /"’/
3 \ /// . & ///
g s B 2 -
E s _~ SNHGI1 Zo. lincRNA-Cox2  |Z- _~~ NLRP3
5 - Sensitivity=74.3% | Sensitivity=71.4%| 3 Sensitivity=85.7%
Ne Specificity=71.4%| * Specificity=94.3%| ° Specificity=80%
I AUC=0.809 AUC=0.870 AUC=0.901
1-Specificity - 1-Specificity )  1-Specificity
e - e ///
os ) | //’ //,/’ //’
2 oe ™ e £ // -8 -
Z ~ = = ~
= " ASC =, _~ Caspase_l Fe 7 IL-1p
g e Sensitivity=77.1% g Sensitivity=71.4%(§ - Sensitivity=85.7%
R oo Specificity=74.3%|  ° Specificity=88.6% " = Specificity=94.3%
b AUC=0.778 AUC=0.888 AUC=0.958
e 1-Specificity '° ‘I-Specificity l 1-Specificity .






media/file6.png
SNHGT1 Fold Change

ASC Fold change

1000+

100+

p<0.05

| p<0.05 I|
<0.01
—

| g

=
A
=
=
[y

1000+

100+

p<0.01
p<0.01

T

lincRNA-Cox2 Fold Change

Caspase-1 Fold Change

p<0.01

10001 £<0,01
1004 T
| p<0.05 '
10
10001 . p<0.01
' p<0.01
—
1004 ?
10

NLRP3 Fold Change

IL-1p Conc.(pg/ml)

1000~

1004

3 Relapse(ARR<1)
Bl Relapse(ARR>1)

* B Remission(ARR<I)
- Bl Remission(ARR>1)

p<0.01

100~

104

p<0.01
<0.01 |
R

' p<0.01






