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ABSTRACT  

Cathepsins are involved in a variety of physiological processes including antigen processing and 

presentation and extra-cellular matrix degradation. In the present study, we evaluated whether 

expression levels of cathepsin S and B and their inhibitors cystatin B and C are affected by 

multiple sclerosis (MS) disease state (relapse and remission) and therapies (interferon-β and the 

glucocorticoid methylprednisolone), and whether they are associated with the interferon-β 

response phenotype. Real-Time PCR was employed to compare RNA expression levels in 

peripheral blood leukocytes (PBL) and ELISA to determine serum protein levels of MS patients 

and matched healthy individuals. Cathepsin S RNA was higher in MS patients in the relapse state 

compared to controls (by 74%, P=3·10-5, n=30 vs. n=18) with a similar increase observed in serum 

(66%, P=0.002, n=18 vs. n=20). Glucocorticoid treatment reduced cathepsin S levels in PBL RNA 

(by 44%, P=6·10-6, n=27) and serum proteins (by 27%, P=1·10-5, n=26), reduced the serum protein 

levels of pro-cathepsin B (by 8%, P=0.0007, n=23), and in parallel increased the serum levels of 

their inhibitor cystatin C (by 82%, P=8·10-6, n=26). Interferon-β therapy significantly elevated the 

RNA levels (n=16) of cathepsin B (by 16%, P=0.03), cystatin B (44%, P=0.004) and cystatin C 

(48%, P=0.011). In the serum, only cathepsin S levels were reduced by interferon-β (16%, 

P=0.006, n=25). Interestingly, pre-treatment serum cathepsin S/cystatin C ratio was higher in 'good 

responders' to interferon-β therapy compared to patients without a good response (by 94%, 

P=0.003).  

These results suggest that cathepsin S and cystatin C may contribute to disease activity in MS, 

specifically in a subgroup of patients that are responsive to interferon-β therapy, and that these 

proteins should be further evaluated as biomarkers in MS.  
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INTRODUCTION  

Multiple sclerosis (MS) is a central nervous system (CNS) disease characterized by inflammation, 

demyelination and neurodegeneration. Autoimmune activity directed against components of the 

myelin sheath is considered to be the major process underlying MS pathology [1,2]. MS is a 

heterogeneous disease, which is characterized in most cases by an initial relapsing-remitting 

course, followed by gradual accumulation of disability.  

The auto-reactive immune response, which includes processing and presentation of the self-antigen 

by the antigen presenting cells, and the massive infiltration of activated leukocytes through the 

blood brain barrier (BBB) into the CNS, are critical events in MS pathogenesis [2]. Proteolytic 

activity is involved in both these processes: in generation of myelin-derived epitopes and in 

degradation of the extracellular matrix (ECM) components, required for the extravasation process. 

In addition, as demonstrated for matrix metalloproteinases (MMPs), proteolytic activity also 

contributes to regulation of cytokine activity which is part of the inflammatory response and 

autoimmunity [3,4]. MS treatments, such as glucocorticoids (GCs) and interferon-beta (IFN-β), 

reduce BBB permeability, down-regulate the expression of proteins involved in antigen 

presentation (such as MHC class П molecules) and down-regulate MMPs [5-9].  

The cathepsin family of papain-like cysteine proteases is mainly involved in metabolic degradation 

of peptides and proteins in the lysosome [10]. In immune cells, cathepsins, such as cathepsin S and 

L, play a key role contributing to antigen presentation by the MHC class II molecules, thorough 

their role in processing of antigenic peptides, and their participation in the stepwise degradation of 

the invariant chain (Ii) [11-13]. Regulation of Ii levels by cathepsin S can also affect the migration 

of immune cells, such as dendritic cells [14]. The retained activity of some cathepsins at 

physiological PH [10], and their ability to degrade ECM components, such as laminin, fibronectin, 

and collagen [15], may contribute to their effects on cell invasiveness and motility [16-18]. The 

involvement of cathepsins, particularly cathepsin B, in thymocyte and mature T cell apoptosis is 
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another path of activity by which cathepsins affect immune functions [19]. Accordingly, cathepsin 

activity has been implicated in a variety of immune-mediated disorders, such as experimental 

autoimmune myasthenia gravis [20], Sjögren syndrome [21,22], atherosclerosis and rheumatoid 

arthritis [15,23,24].  

Several observations suggest that cysteine cathepsins may also play a role in MS. Predominant 

autoantigens in MS, the myelin basic protein (MBP) and the myelin oligodendrocyte glycoprotein 

(MOG) are targets for processing by cathepsin S in antigen presenting cells [11,25] and  increased 

cathepsin B activity was observed in MS lesions, CSF and PBMCs [26-28]. Additional evidence 

from a study using an animal model of demyelination complements these findings by 

demonstrating the abnormal expression of several cathepsins and cystatins [29]. Finally, 

pharmacogenetics studies of our team and others identified single nucleotide polymorphisms 

(SNPs) within the CTSS gene (encoding cathepsin S) that were associated with the clinical 

response to the approved immunotherapies for relapsing MS - glatiramer acetate [30] and IFN-β 

[31].  

The present study aimed to characterize the expression pattern of cathepsin S, cathepsin B and 

their inhibitors cystatin C and B (encoded by the CTSS CTSB CSTC and CSTB genes, respectively) 

in leukocytes and serum of MS patients in different disease states, and in comparison to healthy 

controls. An additional aim was to assess the effect of IFN-β, used as a disease-modifying drug, 

and of the immunosuppressive GC therapy, used for treatment of acute MS relapses, on these 

proteolytic enzymes. 

 

MATERIALS AND METHODS 

Study population 

Patients with clinically and laboratory definite relapsing-remitting (RR) MS according to 

McDonald's criteria [32]  (n=73), and healthy controls (n=23), were recruited at the MS Center at 

Carmel Medical Center, Haifa. The study was approved by the local Helsinki-ethics committee of 
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Carmel Medical Center, and all participants gave their written informed consent. Demographic and 

clinical data were recorded from all participants (Table 1). Blood samples were collected from 

treatment-naïve (that had never received any immunomodulatory therapy for MS, e.g. IFN-β or 

glatiramer acetate) patients in remission prior to initiation of standard immunomodulatory 

treatment of IFN-β (IFN-β-1a or IFN-β-1b), and only if GC therapy was not used in the prior 

month (n=29). A second blood sample was obtained from this group of patients following 3-6 

month of IFN-β therapy. From patients presenting in a confirmed acute relapse (as defined in [5]), 

blood samples were obtained immediately prior to treatment with GCs, and on day 7’ following 

initiation of intravenous GC therapy for duration of 6 days, as previously described [33]. The acute 

relapse group included 2 subgroups: treatment-naïve patients (n=21) and patients under treatment 

with IFN-β at the time of relapse (n=23). Control volunteers were healthy individuals without MS 

or other autoimmune or neurological disease, and without any known relatives (up to third degree) 

diagnosed with MS. Participants were excluded if infectious or inflammatory conditions were 

present at the time of recruitment.  

Blood samples were processed for serum and leukocyte isolation for RNA preparation (described 

below). For some participants, only one type of biological specimen was available, either RNA or 

serum. 

Patients treated with IFN-β were classified as 'good responders' if no relapses and no increase in 

their Expanded Disability Status Scale (EDSS) scores were recorded over the 2 years follow-up 

period since treatment initiation [34]. All other patients not matching the criteria for 'good 

responders' were grouped as 'others'. Within the 'others' group, 7/11 had a relapse in the 2 year 

follow-up period and 8/11 had an increase in EDSS of ≥1. 

 

Relative quantitative analysis of RNA expression  
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Peripheral blood leukocytes (PBLs) were prepared from blood samples and RNA extracted as 

previously described [5]. Following DNAse treatment (Ambion), cDNA synthesis was performed 

using M-MLV reverse transcriptase (Promega) with random hexamer primers (Amersham 

Pharmacia),  according to the manufacturers' protocols. 

Relative RNA expression levels were evaluated by real time PCR (RT-PCR) with TaqMan 

reagents and protocols on an ABI 7000 sequence detection system (Applied Biosystems). Primer-

probe sets were obtained from Applied Biosystems. GAPDH was used as a reference gene. All 

reactions were performed in duplicates, analyzed blindly to the sample origin. Relative mRNA 

expression was quantified by the comparative CT method [35]: The relative quantification value of 

target gene, normalized to the reference gene and relative to a calibrator (e.g. a sample from a 

patient prior to drug treatment), was expressed as 2−∆∆C
T where ∆CT = CT( test gene) - CT(reference gene). 

Expression levels of independent groups (e.g.: control and patient groups) were compared by the 2-

∆C
T values of the target gene, a value that is proportional to the amount of RNA in the samples 

tested. Fold changes for comparison of independent groups were calculated as ratios of medians, 

and for paired data calculated as medians of fold changes. 

 

Serum protein quantification 

Enzyme linked immunosorbent assays (ELISA) kits were used to evaluated serum proteins levels 

of pro-cathepsin B (R&D), total cathepsin S (R&D) and cystatin C (ALEXIS). All samples were 

analyzed in duplicates.  

 

Statistical analyses 

Statistical analyses were performed using SPSS v. 15 (SPSS Inc.). Continuous variables were 

tested for normality by the one sample Kolmogorov-Smirnov test. Baseline demographic and 

clinical variables were evaluated by ANOVA or Kruskal Wallis tests between participant groups, 

excepting gender which was compared using Chi2 test. For independent group comparisons of 
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RNA and serum levels (e.g. comparison between control and patient groups) we used the Kruskal 

Wallis test, followed by the Mann Whitney test with application of the Bonferroni correction for 

multiple testing. Analyses of the relapse group regarded IFN-β treatment as a co-variable, and 

where treatment effect was not significant, data of IFN-β-treated and treatment-naïve patients at 

relapse were pooled. The Wilcoxon signed rank two-tailed test was used to compare pre- and 

during-treatment values of RNA or serum protein levels, or changes in ratios of protease levels to 

inhibitor levels. Pre-treatment values of IFN-β response groups were evaluated by the Mann 

Whitney test. The Spearman's rank correlation was used to evaluate correlation between expression 

levels of the different RNAs or proteins. Outliers, where present, were always included in the 

analyses, however, we also evaluated the effect of excluding them to verify they did not change the 

significance of the tests performed. Receiver operating characteristic (ROC) curve analysis was 

used to evaluate the classifying accuracy of serum protein levels or protein ratios for IFN-β 

response and to select optimal cut-of points for calculation of sensitivity and specificity. In every 

test, significant differences were inferred when P < 0.05.  

 

RESULTS 

Patients and control groups (Table 1) were matched for gender and age. Age distribution was 

similar between participant groups except for patients that had not yet received any 

immunomodulatory treatment, where the relapse group had a lower average age compared to the 

remission group (P=0.03). Disease duration was similar between patient groups. Disability (EDSS) 

was higher in the relapse group treated with IFN-β compared to the remission group (P=0.002) 

and to the group of treatment-naïve patients at relapse (P=0.03), likely representing a more 

advanced disease state in the IFN-β – treated group. 
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Expression analysis of cathepsin S and B, and their inhibitors, cystatin C and B, in patients 

with MS   

To evaluate whether cathepsin and cystatin expression levels are associated with the MS disease 

state, RNA expression analyses were performed in PBLs, and protein expression in sera, using 

samples from MS patients and healthy individuals as controls. Whereas RNA expression levels of 

all four genes were correlated (Spearman's rho=0.530-0.696, P<2·10-6), the serum protein levels 

were not, likely reflecting differences in transcription regulation versus the regulation of protein 

levels from translation through secretion by various cell types to the blood. We therefore included 

in all the analyses also the ratio of protease -to- inhibitor in the serum protein level, as a measure 

of the overall functional proteolytic potential. 

CTSS RNA expression levels were significantly higher in PBLs from MS patients compared to 

healthy controls (n=18) both at remission (n=24, 31% increase, P=0.03) and even more at relapse 

state (n=30, 74% increase, P=3·10-5, Fig 1A). RNA levels of CTSS in the group at relapse were 

also moderately elevated in comparison to the group at remission (32% increase, P=0.02). RNA 

expression levels of CTSB did not differ between MS patients and controls. The levels of the 

transcripts for the inhibitors CSTC and CSTB were significantly higher in PBLs from the MS 

relapse group, compared to controls (for CSTB 52% increase, P=0.01; for CSTC 39% increase, 

P=0.02, data not shown) and in the relapse group compared to the remission group (for CSTB 22% 

increase, P=0.02; for CSTC 79% increase, P=0.001, data not shown).  

Comparative analysis of serum protein levels detected higher (66% increase) levels of cathepsin S 

in MS patients in the  relapse  group (treatment-naïve, n=18) compared to controls (n=20; 

P=0.002), and also elevated (by 33%) in the relapse group in comparison to the MS remission 

group (n=25, P=0.036) (Fig. 1B). The levels of serum cathepsin S in the MS remission group did 

not differ significantly from those recorded in the controls group. No significant changes were 
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observed in the serum protein levels of pro-cathepsin B and cystatin C in MS patients when 

compared to healthy controls (data not shown).  

The ratios of serum cathepsin S to cystatin in the MS relapse group were significantly increased 

compared to the remission and control groups, paralleling the differences observed for the 

cathepsin S protein itself (56% and 59% increase; P=0.027 and P=0.01 respectively) (Fig. 1C).  

 

GC effects on cathepsins and cystatins expression at relapse  

Following the observation that in the relapse state, cathepsin S RNA and serum protein levels are 

higher, we evaluated the effects of GC therapy, which reduces the relapse severity and duration in 

MS, on expression levels of cathepsin S, cathepsin B, cystatin C and cystatin B.  

GC treatment led to a significant reduction in the RNA levels for all four genes (44% decrease, 

P=6·10-6 for CTSS; 16% decrease, P=0.03 for CTSB; 27% decrease, P=0.0001 for CSTC; and 

36% decrease, P=2·10-5 for CSTB) (Fig. 2A).  

Following GC treatment, serum protein levels (Fig. 2B) of cathepsin S were significantly reduced 

by 27% (n=26; P=1·10-5), pro-cathepsin B serum protein levels reduced by 8% (n=23; P=0.0007), 

whereas a significant increase of 82% was detected for the protease inhibitor cystatin C (n=26; 

P=8·10-6). The net effect of GC was reduction of the overall proteolytic activity potential in the 

serum as can be seen from the decrease in the ratio of cathepsin S and B to cystatin C proteins 

following treatment (62% decrease for cathepsin S/cystatin C, P=8·10-6; 50% decrease for 

cathepsin B / cystatin C; P=3·10-5) ( Fig. 2C).  

 

IFN-β -mediated modulation of cathepsins and cystatins expression   

IFN-β therapy led to a significant but mild increase in the RNA levels of CTSB (16% increase, 

P=0.03), and a much more prominent and significant increase in the cystatin genes CSTC (48% 

increase, P=0.011) and CSTB (44% increase, P=0.004) in PBLs (n=16) (Fig. 3A). CTSS RNA 

levels did not change significantly following IFN-β treatment; however, paired analysis revealed a 
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decrease in serum cathepsin S protein levels following IFN-β treatment in the majority of patients 

(19/25 patients displayed decreased levels, overall 16% decrease of median, P=0.006) (Fig. 3B). 

Notably, IFN-β treatment did not affect significantly neither pro-cathepsin B nor cystatin C serum 

protein levels. Thus, the overall effect of IFN-β therapy was a small but significant decrease of the 

cathepsin S to cystatin C ratio in the serum by 16% (a decrease was observed in 21/25 treated 

patients, P=0.0008) (Fig. 3C). 

 

IFN-β response phenotype and cathepsin S expression levels 

Following the pharmacogenetics study which reported association of the CTSS gene with IFN-β 

response in MS [31], and our observation that IFN-β seems to reduce cathepsin S serum protein 

levels (above), we assessed cathepsin S and its inhibitors' expression with respect to the IFN-β 

treatment response phenotype in the patient cohort. Pre-treatment levels of cathepsin S were higher 

in RNA from PBLs of patients classified as 'good responders' (n=12) compared to the 'others' 

group (n=11), shown in figure 4A; however, this trend did not reach statistical significance. 

Differences for CTSB, CSTB (not shown) and CSTC (Fig. 4A), or any of the ratios of the proteases 

to their inhibitors, were not significant. Interestingly, the pre-treatment serum protein levels of the 

inhibitor cystatin C were correlated with response status, and were significantly lower in the 'good 

responders' group (64% higher levels in the 'others group versus the 'good responder' group, n=10 

and n=14 respectively, P=0.004, Fig. 4B). The sensitivity and specificity for detecting a good 

responder was 71% and 90% respectively, using 809 ng/ml as a cut-off value (AUC=0.850±0.079, 

P=0.004). The protein ratio cathepsin S/cystatin C in the serum, reflecting the balance of the 

proteolytic activity for cathepsin S, was significantly higher in 'good responders' prior to treatment 

initiation (by 94%, P=0.003) (Fig. 4C).  

Notably, the effect of IFN-β treatment of reducing the cathepsin S/cystatin C ratio, which we 

observed in the whole cohort analysis, upon stratification of the cohort by IFN-β response 
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phenotype, appears to be confined mainly to the 'good responder' phenotype group (P=0.009). 

Cathepsin B levels were not associated with IFN-β response and neither was its ratio to cystatin C 

(data not shown).  

DISCUSSION 

In the present study we analyzed the modulation of expression of cathepsin S and B and their 

inhibitors cystatin C and B in patients with MS. We report higher levels of the protease cathepsin S 

in MS patients during the relapse state, in RNA from PBLs and in serum proteins, in comparison 

with healthy individuals. RNA levels of the endogenous cathepsin inhibitors cystatin B and C were 

also increased in the relapse state. Therefore, although the transcript levels of cathepsin S 

increased in PBLs in MS patients, their biological effects may be kept in check by the concomitant 

increase of the cystatin inhibitors' transcripts. In the serum, however, the balance between the 

cathepsin S and cystatin C levels was shifted upwards in the relapse state, mainly as a result of the 

increase in the levels of cathepsin S.  

These findings are consistent with the known functions of cathepsin S in immune activity, and 

with reports of elevated cathepsin S levels observed in other immune-mediated diseases, as well as 

in animal models of autoimmune conditions [20,21,24,29,36,37], and with the reported inhibition 

of autoimmune states by specific cathepsin S inhibitors [21,38]. Notably, studies to date have been 

inconsistent with respect to reports of cystatin C levels in MS patients, and were based on CSF 

findings in the CSF [39-41]. The results of the present study suggest that MS disease state is not 

correlated with changes in cystatin C serum levels. Both GCs and IFN-β, immunosuppressive and 

immunomodulatory treatments used in the management of MS, decreased serum cathepsin S 

levels, with an inverse effect on the inhibitor cystatin C serum levels. The net effect of these anti-

inflammatory therapies, and particularly that of GC, was to shift the cathepsin S/ cystatin C ratios 

towards those observed in the remission state and towards norms observed in the healthy controls 
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group, suggesting an overall decrease of the proteolytic capacity in the serum. Similar effects of 

GCs on cathepsin S and cystatin C have been reported in patients with asthma and in in vitro 

studies [42-44]. 

The effects of GCs and IFN-β on the PBL RNA levels versus serum protein levels appear to be 

opposing for some of the genes, such as cystatin C, emphasizing the different cellular milieu and 

regulatory mechanisms for proteins secreted to the blood, versus the transcript content of 

leukocytes. The serum protein content is derived from secretion of various cell types, including the 

PBLs and their sub-populations, and endothelial cells. Each and all of these cells, are known also 

to be aberrantly activated in MS, and may contribute to the elevated levels of serum cathepsins and 

cystatins observed in our study. Moreover, even within the PBL population, regulation at the 

protein level, and specifically at the stage of secretion, can lead to discordance between the RNA 

levels observed and the serum protein levels. Cell-specific effects are present, as indicated by other 

studies, for example, in T cells [45]. The findings observed herein at the serum level may indicate 

a prominent role for post-translational regulation, including regulation of zymogen processing, as 

well as at the level of secretion to the extracellular space.   

Notably, when the MS patients were stratified according to response definition, it became evident 

that the pre-treatment cystatin C and the pre-treatment ratio of cathepsin S/cystatin C serum 

protein levels were associated with the ensuing IFN-β therapy beneficial response phenotype. Low 

pre-treatment values of serum cystatin C specifically appeared to be indicators for a good IFN-β 

response with relatively high specificity and sensitivity. The ratio between the protease and its 

inhibitor was significantly affected by IFN-β only in the 'good responder' group. Considering that 

MS is known to have heterogeneous etiology, these results may indicate that in the 'good 

responder' group, cathepsin S and cystatin C proteolytic pathways are affected through modulation 

of expression by the IFN-β signaling transduction pathway, and that IFN-β therapy is beneficial 

mainly in disease subtypes with dysregulation of these pathways. This finding is particularly 
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interesting as it is in line with the pharmacogenetic evidence for association of the CTSS gene with 

IFN-β response [31]. Although the response definition used herein was a dichotomic definition, in 

which the 'others' response definition comprised a spectrum ranging from intermediate response 

phenotypes to non-response, nevertheless, it was sufficient to capture an effect of the cathepsin S -

cystatin C associated proteolytic pathway, in the good responder phenotype group. Larger studies 

with a more rigorous definition of the 'poor responder' group are required to evaluate the 

sensitivity and specificity of serum cystatin C and the cathepsin S/cystatin C measures as 

predictors of response. 

IFN-β and GCs act through different mechanisms, yet both are known to affect MHC cell surface 

expression, as well BBB permeability [9,46], activities in which accumulating evidence suggest 

involvement of cathepsins. Recently, this has also been supported by our demonstration of a direct 

effect of cathepsin S, cathepsin B and cystatin C on the migratory capacity of immune cells 

through brain endothelial cells in vitro [47]. The promoter of cathepsin S harbors binding sites for 

AP1 and NFκB transcription factors, which are inhibited by activation of the GC receptor [48], as 

well as  response elements for IFN-β [31]. This suggests a possible mechanism for a direct effect 

of GCs and IFN-β on cathepsin S expression levels in leukocytes. Part of the GC effect of 

reduction in the serum levels of cathepsin S could also be attributed to its pro-apoptotic effects on 

T cells [46]. At the RNA levels, the effects recorded are independent of the total PBL counts, as 

the assay was controlled by normalizing to the reference gene.   

The association with the disease state and effects of therapy observed for serum cathepsin S levels 

suggests that extracellular activity of this protease may be relevant in MS, and other immune-

mediated disorders. Although cathepsin S is mostly referred to as an intracellular lysosomal 

protease, where its role in antigen processing and presentation is well described, recognition of the 

importance of its extracellular functions as a protease is accumulating [12,15,49]. The CNS-myelin 

component MBP, one of the MS related autoantigens, is a cathepsin S substrate [25]. Thus, the 



Haves-Zburof et al., JCMM-09-2010-004.R2 

 14

secretion of cathepsin S by the immune cells that penetrate the BBB in MS may contribute to the 

demyelination process extracellularly, in addition to its intra-lysosomal role in generation of MBP 

peptide antigens and their presentation by the MHC class II molecules. Cathepsin S has also been 

shown to be involved in the degradation of ECM proteins which can contribute to angiogenesis 

and cell motility [50]. Increased extracellular proteolysis is a known element in the pathogenesis of 

MS and has been described extensively for the MMP family of proteases [4,5,51-53]. The 

variations in protein levels observed in this study for cathepsin S and cystatin C add to this picture, 

and support the role of proteases in increased leukocyte trafficking, auto-antigen presentation, as 

well as pro-inflammatory cytokine and chemokine activity associated with MS.  

In summary, this study demonstrates that cathepsin S expression levels are aberrantly elevated in 

patients with MS, and that MS therapies act to shift these levels towards levels within norms 

observed in healthy individuals. This effect appears to be specific to cathepsin S, as we did not 

observe similar effects on the levels of the other cathepsin evaluated herein, cathepsin B. The 

down-regulatory effect of GCs on cathepsin S serum levels is likely to be augmented by their 

inverse effect on the serum levels of the protease inhibitor cystatin C. The finding that elevated 

pre-treatment levels of the serum protein ratio cathepsin S/cystatin C appear to be associated with 

beneficial clinical response to IFN-β treatment, suggests that  in a subgroup of patients with MS 

the cathepsin S - cystatin C proteolytic pathways are dysregulated, and that this subgroup is more 

likely to benefit from IFN-β therapy. The present findings support the need for further validation 

studies to assess the value of cathepsin S and cystatin C as predictive biomarkers for disease type 

and response to therapy, and as a possible basis for development of new targeted therapies for 

immune-mediated disorders such as MS.  
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TABLES  
Table 1. Demographic and clinical characteristics of the study participants at enrollment  

Participant Group Gender 
F (%) / M 

Age - years 
Mean ± SD 

[range] 

Disease Duration 
-years 

Mean ± SD 
Median[range] 

EDSS1 
Median 
[range] 

RR-MS patients in 
relapse,  
under IFN-β therapy 
 

16 (70%)/7 35.8 ± 10.5 
[21-57] 

3.8 ± 2.7 
3 [1-14] 4.0 [1-7] 2 

RR-MS patients in 
relapse, without  
immunomodulatory 
therapy 

14 (67%)/ 7 30.5 ± 7.53 
[18-44] 

5.2 ± 5.2 
2 [0.4-17] 2.5 [0-5] 2 

RR-MS patients              
in remission4 22 (76%)/ 7 38.9 ± 10.8 

[19-57] 
6.0 ± 6.6 
5 [0-27] 1.5 [0-6] 

Healthy control 
subjects                       16 (70%)/ 7 35.4 ± 11.6 

[20-59] 
  

 

1. EDSS-Expanded disability status scale.  

2. EDSS score at the remission period prior to the relapse. EDSS differed between IFN-β treated 

MS patients in relapse versus treatment-naïve MS patients in relapse (P=0.03), and also between 

IFN-treated MS patients in relapse and patients in remission prior to treatment (P=0.002).  

3. The participants age is lower in the relapse group compared to the remission group (P=0.03). 

4. Data recorded prior to IFN-β treatment initiation. 
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FIGURE LEGENDS  

Figure 1: Cathepsin S levels in RNA from PBLs and sera of MS patients compared to healthy 

controls. A. CTSS mRNA levels in healthy controls (n=18); MS patients in remission (n=24) and 

patients in relapse (n=30) were assessed by real-time PCR. The 2-∆C
T values shown are relative to 

GAPDH as a reference gene. B. ELISA analysis of cathepsin S serum protein levels in healthy 

controls (n=20), MS patients in remission (n=25), or relapse (n=18) (both groups without 

immunomodulatory treatment). C. Ratio of serum cathepsin S / cystatin C in healthy controls 

(n=20), MS remission (n=25), and MS relapse (n=18) groups. Medians are depicted by horizontal 

bars.  

 

Figure 2: Modulation of cathepsin and cystatin expression by GC therapy in PBLs and 

serum during the MS relapse.  A. Relative RNA expression levels before and at day 7, following 

a 6 day IV course of GC treatment were quantified by 2−∆∆C
T values, n=27 (except for CSTB 

n=26). B. Serum protein levels in day 7 following therapy initiation are depicted relative to 

pretreatment values at relapse for cathepsin S (n=26), pro-cathepsin B (n=23), cystatin C (n=26). 

C. Changes in the ratios between the proteases and the inhibitor cystatin C in the serum following 

GC treatment. Horizontal bars: median of fold changes of post-treatment relative to pre-treatment 

ratios. 

 

Figure 3: IFN-β effects on cathepsins and cystatins expression in PBLs and sera from MS 

patients in remission. A. Expression levels of cathepsins and cystatins following a 3-6 month 

period of IFN-β treatment and relative to pre-treatment levels, quantified by 2−∆∆C
T values; n=16. 

B. Cathepsin S serum protein levels before and following a 3-6 month period of IFN-β treatment 

were analyzed by ELISA (n=27).  C. Ratios between the serum levels of the proteases and the 
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cystatin C inhibitor. Horizontal bars: median of fold changes of during-treatment relative to pre-

treatment ratios. 

 

Figure 4: Response phenotype to IFN-β treatment and cathepsin S and cystatin C expression 

levels.  IFN-β treated MS patients were stratified according to their response phenotype. A. CTSS 

and CSTC pretreatment levels relative RNA levels depicted as 2-∆C
T values, compared between 

'good responders' (blue circles, n=12) and 'others' patient groups (red triangles, n=11). B. Serum 

cathepsin S and cystatin C pre-treatment levels assessed by ELISA in 'good responders' (n=14) and 

the 'others' patient groups (n=10) C. Serum cathepsin S to cystatin C ratios in 'good responders' 

(n=14) and 'others' patient groups (n=10); values prior to IFN-β therapy and 3-6 months after 

therapy initiation are connected by lines. 
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