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Abstract 

Introduction. Often, an isolated clinical event suggestive of CNS demyelination confers a 

risk of conversion to multiple sclerosis. In this study, we investigate lymphocyte profiles after 

a first clinical event suggestive of multiple sclerosis (MS), which could contribute to the 

current understanding of early inflammatory responses in this demyelinating disease. 

Methods. Twenty treatment-naïve clinically isolated syndrome (CIS) patients and fifteen 

healthy participants were included in our assessment of lymphocyte profiles and B cell 

subsets using multicolour flow cytometry. Analysis was made at 3-6 months (Baseline), 12, 

and 24 months after a first clinical event. We also performed a sub-analysis of patients that 

received glatiramer acetate (GLAT) after their baseline visit up to 24 months after the first 

clinical event. 

Results. Our analysis revealed monocyte and B cell differences between groups. 

Percentages of CD19+CD20+ B cells were lower in CIS patients compared to healthy 

individuals at baseline. Additionally, monocyte distribution among groups was different.  

A subgroup analysis of patients treated with GLAT (n= 10) showed an increased percentage 

of naïve (p<0.05) and memory pre-switched (p<0.01) B cells up to 24 months after their 

baseline visit compared to the untreated group (n= 10). 

Conclusion. Our results showed early monocyte and B cell subsets alterations in pwCIS. 

Moreover, GLAT-treated patients showed an increased percentage of naïve and memory 

pre-switched B cells after 24 months of treatment. Further research is needed to elucidate 

the role of B cells and monocyte disturbances during inflammatory processes after a first 

clinically-MS suggestive event.  
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1. Introduction 

Around 85% of patients with an acute neurological isolated clinical event (patients with 

clinically isolated syndrome or pwCIS) progress to multiple sclerosis (MS) (Lin et al., 2021; 

Pitt et al., 2022). Thus, the characterisation of lymphocyte subpopulations in the early stages 

of MS could – in conjunction with clinical and paraclinical data – contribute to our 

understanding of disease pathomechanisms and help develop biomarkers for treatment 

response and prognostication (Baker, Herrod, Alvarez-Gonzalez, Giovannoni, et al., 2017; 

Jager et al., 2008) . 

Evidence from animal models of MS have long suggested that MS is a CD4 Th1/Th17 - cell-

mediated disease. Nonetheless, current evidence indicates that B cells, other lymphocytes 

subpopulations, and monocytes contribute likewise significantly to the pathogenesis of MS 

(Baker et al., 2019; Bittner et al., 2017; Gelfand et al., 2017; Lassmann, 2019; Roodselaar et 

al., 2021). For instance, lymphocytic investigation from anti-CD20 therapies and oral 

cladribine (CLAD) studies showed that the decrease in disease activity could be attributed to 

the depletion of B cells and that the effect on T cells might not be as relevant as previously 

claimed (Baker, Herrod, Alvarez-Gonzalez, Zalewski, et al., 2017; Cellerino et al., 2020; 

Sèze et al., 2023; Staun-Ram et al., 2018). 

Here, we aim to investigate phenotypic patterns of lymphocyte subsets after a first clinical 

event suggestive of MS. We hypothesised that analysis of lymphocyte profiles in treatment-

naïve pwCIS may contribute to the development of clinically applicable biomarkers for 

treatment response and disease course prognostication. In addition, in a small explorative 

sub-analysis in pwCIS, we compared lymphocyte subpopulations between two groups: 

pwCIS receiving glatiramer acetate (GLAT) and pwCIS who remained untreated. 
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2. Patients & Methods 

 

2.1 Patients 

Twenty treatment-naïve pwCIS (without MS disease-modifying treatment) from the Berlin 

CIS cohort (NCT01371071), an ongoing prospective observational study initiated at Charité 

– Universitätsmedizin Berlin in 2011, were selected to assess lymphocyte profiles and B cell 

subsets by using multicolour flow cytometry. The inclusion criteria, as described previously 

(Gieß et al., 2017), were: >18 years of age and a first clinical event suggestive of 

demyelination of the CNS, according to the McDonald 2010 criteria (Polman et al., 2011), 

within the 6 first months before cohort enrolment. Exclusion criteria were inability or 

unwillingness to provide informed consent, incomplete collection of blood samples for follow-

up, and a history of any health condition or devices impeding immunological, clinical, and 

radiological examination. Moreover, sample selection was also limited to those individuals 

with sufficient availability of frozen peripheral blood mononuclear cells (PBMCs). All 

participants provided written informed consent and ethics approval for this study was given 

by the institutional review board of Charité – Universitätsmedizin Berlin (EA1/180/10). 

 

During the visits, all patients underwent clinical and magnetic resonance imaging (MRI) 

assessments and blood extraction for PBMCs isolation. The first visit (baseline visit) was 

scheduled between 3-6 months after a first clinical event suggestive of demyelination of the 

CNS according to the McDonald 2010 criteria, and before administration of GLAT. The 

second visit was performed at around 12 months after the first clinical event, and the third 

visit at around 24 months after the first clinical event. Out of twenty pwCIS, ten received 

GLAT after baseline visit (due to signs of disease activity), whilst the other half remained 

untreated. PBMCs were isolated using Biocoll separating solution and stored in liquid 

nitrogen according to standard operating procedures (SOP) at NeuroCure Clinical Research 

Center, Charité – Universitätsmedizin Berlin. Frozen PBMCs from fifteen unmatched healthy 

donors (HDs) were used as controls. Disease activity was defined as the presence of new 
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lesions in T2-weighted and/or contrast-enhancing MRI, and/or new clinical events suggestive 

of demyelination of the CNS, and/or confirmed deterioration on EDSS at 12 and/or 24 

months of follow-up. 

 

2.2 Immunophenotyping 

Frozen PBMCs samples were thawed and subsequently stained and analysed by flow 

cytometry. Briefly, a set of markers to discriminate between lymphocytic profiles and B cell 

subsets was established: CD3, CD4, CD14, CD19, CD20, CD25, CD27, CD38, CD127, 

CD138, IgD, and HLA-DR. A live/dead fixable blue dead cell stain kit (Invitrogen) was used 

per the manufacturer’s instructions to identify dead cells. Cells were stained for 15 min at 

4°C, washed and filtered before acquisition. 

Stained samples were analysed on LSR Fortessa X-20 (LSRFortessa; BD Biosciences, 

USA). To ensure stable analysing conditions, flow cytometer setup and tracking beads from 

BD were used daily. Diva and FlowJo software (v10.4; BD, USA) were used to determine 

different subpopulations. Results are expressed as percentages. For details on antibodies 

and gating strategy (see Supplementary Figure 1). 

 

2.3 MRI acquisition and post-processing 

All study subjects were scanned using 3 Tesla (Tim Trio; Siemens, Erlangen, Germany) MRI 

scanners at the Berlin Center for Advanced Neuroimaging. Pre- and post-contrast 3D T1-

weighted  magnetisation prepared rapid gradient-echo (MPRAGE) images (resolution 1 × 1 

× 1 mm3; TR = 1,900 ms, TE = 3.03 ms, TI = 900 ms, flip angle 9°) and a 3D T2-weighted 

fluid -attenuated inversion recovery (FLAIR) images (resolution 1 × 1 × 1 mm3; TR = 6,000 

ms, TE = 388 ms, TI = 2,100 ms, flip angle 120°) were acquired for each patient. MPRAGE 

and FLAIR were cropped, co-registered to MNI-152 space 

(https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Fslutils#Tools), N4-bias corrected 

(http://stnava.github.io/ANTs/) and linearly co-registered with each other using FSL FLIRT 

(Greve & Fischl, 2009). Longitudinal co-registration was performed by using the same FSL 
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tools and each MPRAGE and FLAIR from follow-up scans per patient were co-registered to 

their baseline scan. T2-hyperintense and gadolinium contrast-enhancing lesions were 

segmented from FLAIR and post-contrast MPRAGE images manually using ITK-SNAP 

(Rasche et al., 2018) by 2 expert MRI technicians with more than 10 years of experience 

with multiple sclerosis lesion identification. Whole brain T2-hyperintense lesion count was 

extracted using FSL cluster.  

 

2.4 Statistics 

Statistical analysis was performed using JAMOVI for macOS (The jamovi project 

(2020). jamovi (v.2.5.1.0) [Computer Software]. Retrieved from https://www.jamovi.org) and 

Prism 8.4.2 (GraphPad, La Jolla, USA), and R version 4.3.2 (2023-10-31) Platform: aarch64-

apple-darwin20 (64-bit) Running under: macOS Sonoma 14.4. Independent t-test and Mann-

Whitney were used to compare percentages between two unpaired groups. A Shapiro-

Wilk normality test was performed. A Fisher’s exact test was used to analyse any difference 

between categorical variables. Unless stated otherwise, data shows mean percentage and 

standard deviation (SD). 

Furthermore, a sub-analysis of lymphocytes in GLAT-treated and untreated pwCIS was 

performed using Analysis of Covariance (ANCOVA). The ANCOVA model was applied to 

evaluate the difference in quantified cell populations between GLAT-treated and untreated 

pwCIS groups at 24 months post-baseline. To control for potential confounding effects from 

earlier time points, the model included both baseline and 12-month quantifications as 

covariates. This approach allowed us to isolate the treatment effect at 24 months while 

accounting for variations at baseline and changes over the first 12 months.  

The model was specified as follows: `outcome_24m ~ baseline + outcome_12m + 

treatment`, where `outcome_24m` represents the outcome measure at 24 months after 

baseline, `baseline` refers to the baseline measurement, `outcome_12m` is the 12 months 

measurement, and `treatment` indicates whether the participant received GLAT or not.  
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Prior to interpreting statistical differences between groups, the assumptions of ANCOVA, 

including normality of residuals using Shapiro-Wilk tests and homoscedasticity using 

Breusch-Pagan tests were formally tested. Data were defined as statistically significant when 

at least p < 0.05. Given small sample sizes, outlier detection was not performed, and thus 

not excluded from analysis.   
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3. Results 

 

3.1 Demographics 

Twenty pwCIS (male-to-female ratio 9:11) and fifteen HDs (male-to-female ratio 7:8) were 

included in this study (Table 1). No relevant difference between the two groups in sex 

(p=0.909) and age (p=0.548), was found. The baseline median EDSS for pwCIS was 2.00 

(1.00 – 4.00) and 1.00 (0.00 – 2.50) for males and females, respectively. PBMCs from one 

CIS individual on baseline were not viable for flow cytometry analysis due to poor viability 

after thawing. Whilst in the GLAT group, disease activity was high at the baseline, no major 

differences in disease activity were found between groups at any time point afterwards (see 

Table 1 and Supplementary Figure 2). 

 

3.2 Differences between treatment-naïve pwCIS and HDs at baseline 

First, we analysed the difference between lymphocytes and monocytes in pwCIS and HDs at 

baseline. Results are shown in Figure 1 and Table 2 (descriptive results in supplement 

table 2). We found notable differences that showed lower percentages of lymphocytes in 

pwCIS compared to HDs (Figure 1A; 84.0 vs 91.7; [% mean p� 0.001]). In contrast, the 

frequency of monocytes was higher among pwCIS than HDs (Figure 1A; 16.0 vs 8.2, 

; [% mean p < 0.001]). 

Lymphocyte subsets were categorised as shown in Figure 1. Briefly, T cells were defined by 

the expression of CD3, monocytes by the expression of CD14 and B cells characterised by 

the absence of CD3 and CD14 with the expression of CD19 and CD20. Afterwards, a set of 

markers to discriminate between specific T and B cell subsets was established (see gating 

strategy in Supplement Figure 1). Our results did not show any difference in the mean 

percentage of CD3+ (Figure 1A) or CD3+CD4+ T cells among groups (Figure 1B). However, 

the fraction of CD4+CD38+HLADR+ within the T cell population was slightly higher in pwCIS 

(Figure 1C; 0.36 vs 0.23; [% mean p=0.015]). Moreover, the percentage of 
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CD4+CD25high/CD127low cells (defining Tregs) in pwCIS was somewhat higher than in HDs 

(Figure 1B; 3.9 vs 2.6; [% mean p� 0.001]). 

 

Interestingly, the percentage of CD19+CD20+ B cells among lymphocytes was notably lower 

in pwCIS compared to HDs (Figure 1A; 5.7 vs 9.3; [% mean p� 0.001]). Percentages of 

both, CD20+CD27- naïve and CD20+CD27+ memory B cells, were higher in HDs (naïve= 4.0 

and memory= 2.5; [% mean]) than in pwCIS (naïve= 6.6 and memory= 1.5; [% mean]) 

(Figure 1D; p� 0.001 and p� 0.01, respectively); however, there was no substantial 

difference between the percentages of CD19+CD20-CD27high cells (Plasmablasts; Figure 

1D). 

 

When we compared the proportions of B cell subsets defined by CD27 and IgD markers 

(CD27-IgD+ naïve, CD27+IgD+ pre-switched memory, CD27+IgD- switched memory, and 

CD27-IgD- double negative) between pwCIS and HDs, we did not find any substantial 

difference among these cohorts (Figure 1E). 

 

3.3 Sub-analysis of lymphocytes in treated-GLAT and untreated pwCIS 

Using ANCOVA analyses, we compared lymphocyte subsets and monocytes in two 

subgroups of patients: those who were untreated (n=10) and those who received glatiramer 

acetate (GLAT; n=10). While controlling for baseline (3-6 months) and 12-month 

quantifications as covariates, the outcomes analysed for the two subgroups of patients were 

at 24 months after the first clinical event suggestive of demyelination of CNS. Results from 

ANCOVA analyses are depicted in Table 3 (descriptive results in Supplement Table 3 

and Supplement Figures 4 and 5). 

 

First, we analysed the difference between lymphocytes and monocytes in pwCIS at 24 

months. We, nonetheless, did not find any important changes among groups. 
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We categorised lymphocyte subsets as shown in Table 3 (see also gating strategy in 

Supplement Figure 1). Our analysis showed no difference in CD3+ T cells and their 

subpopulations at 24 months between untreated and GLAT-treated pwCIS.  Our results also 

showed that the percentage of CD19+CD20+ B cells were present at similar frequencies at 

baseline for both patient groups. However, while B cells increased at 24 months (GLAT=7.85 

and Untreated= 5.47; [% mean]) in the GLAT-treated group, no significant difference was 

found (p=0.17). This non-statistically significant difference in the GLAT group appears to be 

secondary to an increased percentage of CD20+CD27- naïve B cells (p= 0.06). The 

percentage of CD20+CD27+ memory B cells was slightly reduced in the GLAT group at 24 

months, whilst the untreated group had a little increase, but no significant difference was 

observed (p=0.18). No significant differences were observed in plasmablast percentages at 

24 months. 

 

Finally, we compared the proportions of B cell subsets (CD27-IgD+ naïve, CD27+IgD+ pre-

switched memory, CD27+IgD- switched memory, and CD27-IgD- double negative) between 

untreated and GLAT-treated patients. Interestingly, we confirmed the tendency of the 

percentage of CD20+CD27-IgD+ naïve B cells to increase within the group under GLAT after 

24 months (p= 0.01). Our results also showed that the percentage of CD20+CD27+IgD+ pre-

switched memory B cells in the GLAT group was lower at 24 months (p= 0.04); in stark 

contrast to the GLAT group, pre-switched memory B cells tended to increase in the 

untreated group compared to baseline. In the GLAT group, the percentage of 

CD20+CD27+IgD- switched memory B cells decreased at 24 months, but it was not 

statistically significant (p=0.056). Lastly, our analysis did not show any substantial change in 

the percentage of CD20+CD27-IgD- double negative B cell subpopulation. 
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4. Discussion 

Our observational explorative study aimed to characterise lymphocyte subsets after a first 

demyelinating event suggestive of MS. Our results showed early monocyte and B cell 

alterations in pwCIS using a broad immunophenotyping platform. 

 

4.1 Differences between pwCIS and HDs 

Results showed that the distribution of peripheral lymphocytes and monocytes differs 

between HDs and pwCIS. The percentage of lymphocytes in pwCIS is lower whilst the 

percentage of monocytes is higher compared to healthy individuals. Previous studies have 

highlighted the important role of monocytes in MS pathogenesis; they can contribute to the 

breakdown of the blood-brain barrier (Waschbisch et al., 2016). Furthermore, the T 

cell/monocyte ratio analysis has identified pwCIS at risk of rapid disease progression 

(Nemecek et al., 2016). In line with previous studies, our results encourage further 

characterisation of monocyte subsets (in connection with dynamic changes among B cell 

subsets) in pwCIS in future clinical research projects with large samples. 

 

Within the T cell compartment, the distribution of CD4+ cells did not show differences 

between HDs and pwCIS. Specifically, CD4+ subpopulations expressing activation markers, 

such as CD38 and HLA-DR, did not differ from the aforementioned groups. Interestingly, the 

proportion of T regulatory cells (Tregs) was higher in pwCIS compared to HDs at baseline. 

However, a steady, higher proportion of peripheral Tregs did not seem to show any further 

benefit in preventing disease activity during the 24 months of follow-up; to confirm this 

tendency, it is necessary to conduct additional studies with a larger sample size. 

 

 

Moreover, increasing evidence shows that several cell subsets contribute to the 

inflammatory cascade inside the CNS (Büdingen et al., 2012; Lisak et al., 2017; Stern et al., 

2014). Our results showed that the percentage of CD19+CD20+ B cells was lower in pwCIS 
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compared to HDs. This is an interesting finding, considering that within the T cell 

compartment there was no or very little difference between groups. Our results are in line 

with Kreuzfelder et al. which showed that the percentage of peripheral CD19+ cells in pwMS 

is lower than in HDs (Kreuzfelder et al., 2004). Whether this relatively low percentage of 

peripheral B cells is due to a higher monocyte proportion in pwCIS or to an active exchange 

between the periphery and CNS, including an increased influx of B cells into the inflamed 

CNS tissue, needs further investigation (Stern et al., 2014). 

 

Intriguingly, a separate analysis of B cell subsets (with the CD19+CD20- plasmablast 

population excluded,) showed that the percentage of peripheral switched memory, pre-

switched memory, and double negative B cell subpopulations are slightly higher in pwCIS, 

but the difference is not statistically significant; further studies with a larger sample size are 

needed to confirm this tendency.   

 

4.2 Sub-analysis in pwCIS receiving GLAT  

We also performed an ANCOVA analysis, as previously described, on two groups: untreated 

pwCIS and GLAT-treated pwCIS. Taken as a whole, lymphocytes and monocytes, we did 

not observe any significant change between those untreated compared to GLAT-treated 

individuals. We, nonetheless, observed a statistically non-significant increase in the 

percentage of B cells (among lymphocyte subsets) in those patients being treated with 

GLAT. Our results showed no significant changes within the plasmablast population 

(CD19+CD20-CD27high) subset. 

Among B cell subsets, our analysis showed a higher percentage of naïve (p� 0.01) and 

lower pre-switched memory (p� 0.04) B cells after 24 months in the GLAT group, compared 

to the untreated group. Furthermore, whilst the percentage of switched memory B cells 

seemed to be reduced after 24 months in people receiving GLAT treatment, our analysis did 

not show a substantial change among groups at different time points (p=0.055); it would be 

worth exploring this outcome in further studies with a larger sample size, however.  
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Due to this study's explorative nature and aim, it is difficult to make assumptions about the 

therapeutic effect of GLAT in pwCIS, and therefore, our results are just observational; 

interindividual differences can also drive these changes. Interestingly, it has been observed 

that GLAT could affect various aspects of dysregulated B cells subsets in pwMS (Ireland et 

al., 2014; Kemmerer et al., 2020). Moreover, data from Häuser et al. showed that GLAT 

modulates B cells by downregulating the activation markers CD69, CD95, and CD25, 

decreasing TNF-α production, and increasing IL-10 secretion. GLAT also expands 

CD4+CD25+FoxP3+ Treg cells (Häusler et al., 2020).  

 

4.3 B cells and immune profiles in pwCIS and MS 

Whilst B cells could overreact, generating a hostile and extreme autoimmune reaction, 

evidence has also shown that some subsets could regulate autoreactive T cell responses 

(Rieger & Bar-Or, 2008; Staun-Ram & Miller, 2017). For instance, it is believed that 

alemtuzumab depletes CD19+CD27+ B memory cells and allows a rapid repopulation of 

immature B cells (Baker, Herrod, Alvarez-Gonzalez, Giovannoni, et al., 2017). Furthermore, 

a new study by Ruck et al., using an in-depth multidimensional immune phenotyping 

analysis, showed that the presence of hyperexpanded T cell clones might predict the 

development of secondary autoimmunity in some patients under alemtuzumab treatment. 

The effect of these T cell clones in MS pathophysiology is still unclear (Ruck et al., 2022).  

The depletion of peripheral B cells by anti-CD20 therapies shows that B cells play a key role 

in MS pathogenesis (Comi et al., 2021). However, the depletion of B cell subsets might not 

be enough to maintain an effective therapeutic outcome. Depletion of other reactive T cell 

subsets to obtain a more effective response might be needed. (Disanto et al., 2012; Graf et 

al., 2020)  Moreover, some studies have found that the production of interleukin-10 (IL-10) 

by B cell subsets is a key factor for regulatory responses (Fillatreau et al., 2002, 2008; 

Rieger & Bar-Or, 2008). It has been proposed that IL-10 produced by naïve and memory B 

cells has a direct effect on activated Th1/Th17 and T regulatory cells to regulate immune 

responses in both health and pathological conditions (Fillatreau et al., 2008). Further 
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research is necessary to determine if lymphocyte immunophenotyping profiles in pwCIS can 

predict disease progression and/or guide personalised treatment decisions. 

 

It is of note that we were unable to observe plasma cells (expression of CD138) in all 

measured samples. It seems that temporary circulating plasma cells are less likely to survive 

the freezing/thawing procedures applied to PBMCs. Moreover, in our study, we did not 

perform absolute counts due to the use of frozen samples. We propose that future 

lymphocyte immunophenotyping shall be performed in fresh blood and include absolute 

counting. This would not have been possible with the current methodology of this cohort. 

Moreover, it is important to mention that the decision to include only pwCIS using GLAT was 

influenced by factors beyond our control of this cohort; at the time of enrolment, GLAT was 

one of the most widely prescribed drugs to treat CIS/early MS. 

Nevertheless, despite the limitations of this exploratory observational retrospective study and 

small sample size, we consider our results could encourage further research by using 

methodological assets of phenotypic and molecular studies to identify cellular biomarkers in 

these MS entities. In this study, we show that lymphocyte characterisation may be useful in 

characterising differences in peripheral lymphocyte subsets in pwCIS after a first 

demyelinating event.  

 

5. Conclusion 

In conclusion, our results showed early monocyte and B cell subsets alterations in pwCIS. 

Therefore, in future extensive clinical research, lymphocyte alterations found in our study 

could be considered to examine potential associations with ongoing MS activity after a first 

clinical manifestation. In addition, further inclusion of a wider immunophenotyping platform in 

larger cohorts could help to identify predictive immunological patterns. 
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Figure 1. Differences between pwCIS and HDs at Baseline. A) Mean percentage of 

lymphocytes and monocytes between isolated PBMCs. Mean percentage of CD3+ T cells 

and CD19+CD20+ B cells in the lymphocyte population. B and C) Mean percentage of 

different T cell subpopulations in the lymphocyte population. D) Mean percentage of different 

B cell subpopulations in the lymphocyte population. E) Mean percentage of different B cell 

subpopulations in the CD20+ subpopulation. Data are presented as mean percentage ± SD. 

Mann-Whitney test was utilised to compare the percentages between two unpaired groups. 

 *p� 0.05, **p� 0.01, ***p� 0.001.  
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Table 1. Demographic and clinical characteristics of pwCIS and healthy donors  

 HD pwCIS  

Baseline* 

pwCIS  

12 months*  

pwCIS   

24 months*  

Number, n 

   Untreated                               

   GLAT 

15 

- 

- 

20 

10 

10 

20 

10 

10 

20 

10 

10 

Age, years, median(range) 38.2(21-64) 32.5(24-47) - - 

   Untreated - 33.5(25-44) - - 

   GLAT - 31(24-47) - - 

female/male, n/n  8/7 11/9 - - 

EDSS, median(range) -    

    Untreated - 1.5(0-2.5) 1.5(0-2.5) 1.5(0-2) 

    GLAT - 1.5(0-4) 1.5(0-4) 2(0-4.5) 

MRI T2-hyperintense lesion 

count, median (range) 

    

    Untreated - 6(3-32) 0(0-12) 0(0-11) 

    GLAT  - 25(6-52) 2(0-11) 1(0-6; n=9) 

Relapses, median(range)     

    Untreated - - 0(0-1) 0(0-1) 

    GLAT - - 0(0-1) 0(0-1) 

HD healthy donor, pwCIS patients with clinical isolated syndrome (CIS), a.b. after baseline, n number, 

IQR interquartile range, “-“not applicable, EDSS Expanded Disability Status Scale, range (minimum - 

maximum values), GLAT glatiramer acetate, Untreated treatment naïve, *At 3-6 (baseline), 12 and 24 

months after baseline. 
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Table 2. Differences between pwCIS and HDs at Baseline 

 
 
 

Mann-Whitney test was utilised to compare the percentages between two unpaired groups. 
 

  

 
Lymphocyte subsets 

pwCIS 
% (mean ±SD) n=19 

HDs 
% (mean ±SD) n=15 

p-value 

CD3+ (T cells) 76.6 (7.64) 75.8 (5.62) 0.56 

    CD4+ 50.9 (8.21) 50.3 (9.04) 0.86 

CD4+ CD38+ 6.68 (3.28) 5.89 (2.52) 0.63 

CD4+ HLA-DR+ 1.72 (0.693) 1.57 (0.996) 0.25 

CD4+CD38+HLA-DR+ 0.33 (0.120) 0.23 (0.140) 0.015 

CD4+ 

CD25high/CD127low 

(Tregs) 

3.75 (0.718) 2.70 (0.652) < 0.001 

CD19+CD20+ (B cells) 5.1 (2.37) 9.32 (2.98) < 0.001 

CD20+CD27-  
(Naïve) 

3.36 (2.04) 6.68 (3.27) < 0.001 

CD20+CD27+  
Memory B cells 

1.65 (0.792) 2.55 (1.00) 0.006 

CD19+CD20-CD27high 
Plasmablasts 

0.047 (0.0358) 0.03 (0.0233) 0.17 

B cell Subsets pwCIS 
% (mean ±SD) n=19 

HDs 
% (mean ±SD) n=15 

p-value 

CD20+CD27- IgD+ 

Naïve 
59.45 (13.8) 64.26 (14.1) 0.354 

CD20+CD27+IgD+ 

pre-switched memory 
14.43 (7.21) 13.20 (7.29) 0.471 

CD20+CD27+IgD- 

switched memory 
19.91 (7.92) 17.13 (8.42) 0.242 

CD20+CD27-IgD- 

double negative 
6.25 (3.19) 5.40 (3.63) 0.881 
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 Table 3.  ANCOVA model coefficients for predicting 24-months cell populations 

Cell Population Coefficients Standardised Beta SE CI 95 lower CI 95 upper p value 

Lymphocytes             

(Intercept) 32.6711343 10.05466579 15.07080339 0.548477255 64.79379134 0.046667598 

Baseline 0.255622598 0.078668826 0.175033183 -0.117451801 0.628696997 0.164801666 

12 months 0.388595167 0.11959164 0.149075744 0.07084774 0.706342593 0.019832798 

24 months (Treatment) -1.652892778 -0.508684036 1.623768442 -5.113873285 1.808087729 0.324846749 

Monocytes             
(Intercept) 2.907089259 0.894667771 2.545658512 -2.518853418 8.333031937 0.271365117 

Baseline 0.255622597 0.078668826 0.175033183 -0.117451802 0.628696996 0.164801667 

12 months 0.388595167 0.11959164 0.149075744 0.07084774 0.706342595 0.019832798 

24 months (Treatment) 1.652892779 0.508684036 1.623768443 -1.808087731 5.11387329 0.324846749 

       

Lymphocyte subsets Coefficients Standardised Beta SE CI 95 lower CI 95 upper p value 

CD3+ (T cells)       

(Intercept) 4.634674386 1.158204247 9.781991234 -16.21514638 25.48449516 0.642467447 

Baseline 0.464359707 0.116043402 0.303448824 -0.182426152 1.111145566 0.146762894 

12 months 0.478285188 0.119523377 0.293995278 -0.148350913 1.104921289 0.124588703 

24 months (Treatment) -3.909265357 -0.976924668 1.911103975 -7.982687055 0.164156341 0.058753359 

CD4+             

(Intercept) 5.060631592 1.114920183 6.901123619 -9.648765209 19.77002839 0.474677677 

Baseline 0.631819563 0.139197721 0.243229724 0.113387678 1.150251447 0.020194248 

12 months 0.258963542 0.057052894 0.238629586 -0.249663381 0.767590465 0.294961916 

24 months (Treatment) -3.039536493 -0.669647755 2.178293428 -7.68245903 1.603386044 0.183218954 

CD4+CD38+             

(Intercept) 0.513657604 0.250324591 1.186112388 -2.014481106 3.041796314 0.671133805 

Baseline 0.496465429 0.2419462 0.310935202 -0.166277265 1.159208123 0.131184343 

12 months 0.509589611 0.248342106 0.282444891 -0.092427424 1.111606646 0.091313509 
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24 months (Treatment) -0.878825482 -0.428284577 0.956263761 -2.917053441 1.159402476 0.372627826 

CD4+HLA-DR+             

(Intercept) 0.000235671 0.000697301 0.269009044 -0.573143534 0.573614876 0.999312541 

Baseline 0.278319706 0.823488846 0.149756326 -0.040878347 0.597517759 0.082834827 

12 months 0.810497989 2.398091259 0.207772949 0.367640431 1.253355546 0.001418671 

24 months (Treatment) -0.057038381 -0.168764446 0.181543118 -0.443988377 0.329911614 0.757706844 

CD4+CD38+HLA-DR+             

(Intercept) 0.179060843 1.84630234 0.071319036 0.027047917 0.331073769 0.023993344 

Baseline 0.332575275 3.429194782 0.224757108 -0.14648316 0.81163371 0.159645476 

12 months 0.081424468 0.839570411 0.173951403 -0.289344171 0.452193107 0.646451134 

24 months (Treatment) -0.065301179 -0.673322644 0.047300394 -0.166119583 0.035517225 0.18764002 
CD4+CD25highCD127low  
(Tregs)             

(Intercept) 0.488904646 0.585281377 1.054782919 -1.759311927 2.737121219 0.649651764 

Baseline 0.481792304 0.576766994 0.455921538 -0.489981451 1.453566059 0.307351509 

12 months 0.31547451 0.377663329 0.35177807 -0.434322698 1.065271719 0.383993293 

24 months (Treatment) -0.30831435 -0.369091701 0.411166027 -1.18469399 0.568065291 0.464942218 

CD19+CD20+ (B cells)             

(Intercept) 1.675536544 0.87877138 1.163904521 -0.805267219 4.156340307 0.17052817 

Baseline 0.369883754 0.193993535 0.345545485 -0.366629012 1.10639652 0.301346446 

12 months 0.36033217 0.188984 0.28810398 -0.253746927 0.974411266 0.230201438 

24 months (Treatment) 1.317850994 0.691175457 0.924241318 -0.652122743 3.287824731 0.174383893 
CD19+CD20+CD27-  

(Naïve)             

(Intercept) 1.065685217 0.638672961 0.81751034 -0.676796826 2.80816726 0.212032155 

Baseline 0.419818716 0.251600433 0.418534093 -0.472265587 1.311903018 0.331735125 

12 months 0.271952936 0.162983387 0.341452844 -0.455836575 0.999742446 0.438190399 

24 months (Treatment) 1.704572267 1.021562653 0.840398519 -0.086694774 3.495839308 0.06067375 
CD19+CD20+CD27+ 
(Memory B cells)             

(Intercept) 0.12007964 0.367291082 0.210455779 -0.328496234 0.568655513 0.576739614 
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Baseline 0.567547559 1.735974205 0.162742286 0.220670586 0.914424531 0.003307959 

12 months 0.490877846 1.501462326 0.132084112 0.209347224 0.772408467 0.002068425 

24 months (Treatment) -0.211842516 -0.647968857 0.15269184 -0.537297469 0.113612438 0.185592873 
CD19+CD20-CD27high 
(Plasmablasts)             

(Intercept) 0.058397709 0.58781491 0.044709784 -0.03689894 0.153694358 0.211176713 

Baseline 0.224393137 2.258678193 0.720096992 -1.310457269 1.759243542 0.759622198 

12 months -0.313132914 -3.151907827 0.562553981 -1.512188341 0.885922514 0.585991468 

24 months (Treatment) 0.026361167 0.265344095 0.049530266 -0.079210096 0.131932431 0.602366253 

              

B cell Subsets Coefficients Standardised Beta SE CI 95 lower CI 95 upper p value 
CD20+IgD+CD27- 
Naive             

(Intercept) -2.558607556 -0.436544058 6.228243434 -15.83379419 10.71657908 0.687022453 

Baseline 0.648035144 0.110566347 0.252469356 0.10990945 1.186160838 0.021470855 

12 months 0.367811916 0.062755269 0.248321345 -0.161472501 0.897096334 0.159254457 

24 months (Treatment) 7.813059882 1.33304729 2.985519018 1.449576729 14.17654304 0.019430341 
CD20+IgD+CD27+ 
Memory-PreSwitched             

(Intercept) 3.527691836 1.014919234 2.504819758 -1.811205099 8.866588771 0.179413114 

Baseline 0.780744544 0.224620713 0.321242019 0.096033388 1.4654557 0.02810216 

12 months 0.147580009 0.042458865 0.273349717 -0.435051121 0.730211139 0.597194547 

24 months (Treatment) -3.90278247 -1.122833053 1.768878247 -7.673057205 -0.132507736 0.043365763 
CD20+IgD-CD27+ 
Memory-Switched             

(Intercept) 0.474251806 0.141451612 2.511876164 -4.879685503 5.828189115 0.852777355 

Baseline 0.39291281 0.117191225 0.238027063 -0.114429866 0.900255486 0.119574905 

12 months 0.609930722 0.181919568 0.261539315 0.052472867 1.167388577 0.03404247 

24 months (Treatment) -3.643413311 -1.086694194 1.755476108 -7.385122064 0.098295442 0.05555801 
CD20+IgD-CD27- 
Double-Negative             

(Intercept) 0.859641429 0.821986286 0.633266189 -0.490133502 2.209416361 0.194704731 
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Baseline 0.028906528 0.027640326 0.155512031 -0.302559519 0.360372575 0.855029433 

12 months 0.74285981 0.710320088 0.190965663 0.335826133 1.149893486 0.001450467 

24 months (Treatment) -0.006264152 -0.005989761 0.486302652 -1.042793719 1.030265415 0.989892355 
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