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Introduction

Multiple sclerosis (MS) is a demyelinating autoimmune and 
neurodegenerative disease of the central nervous system 
(CNS). Most commonly patients present with a relapsing-
remitting form of MS (RRMS) which is characterized by 
a neurological relapse followed by full or partial recovery 
of the affected function. Fewer individuals, approximately 
10–15% of people with MS (pwMS), progressively accu-
mulate neurological disability without relapses which is 
defined as a primary progressive form of MS (PPMS) [1]. 
People with PPMS (pwPPMS) have a later disease onset, 
the female gender is not predominately affected, lesions 
are not restricted to the brain [2] and most available 
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Abstract
Background The difference in the clinical course, response to therapy, and distribution of CNS inflammation in primary-
progressive (PPMS) and relapsing-remitting multiple sclerosis (RRMS) suggests differences in the underlying immunologi-
cal characteristics of the disease. We aimed to investigate differences in immunological profiles in relation to intrathecal 
inflammation in different MS forms.
Methods The peripheral blood (PB) proportions of CD4 + and CD8 + T-cells and CD19 + B-cells were retrospectively com-
pared with the markers of intrathecal immunoglobulin G (IgG) synthesis at diagnosis: IgG index, percentage of intrathecal 
IgG synthesis (IF IgG), the number of oligoclonal bands (OCB), depending on the blood-brain barrier (BBB) function, and 
antibody specific index to neurotrophic viruses (MRZH reaction).
Results Thirty-six controls, 71 RRMS and 25 PPMS were enrolled. PPMS had higher percentage of CD4 + T-cells compared 
to RRMS (P = 0.043) and controls (P = 0.003). The percentage of CD8 + T-cells and CD19 + B-cells, and respective absolute 
cell counts did not differ according to the MS phenotype. In RRMS with the dysfunctional BBB, the IgG index (r = 0.642, 
P = 0.012) correlated significantly with the CD19 + B-cells while the CD4 + T-cells inversely correlated with IF IgG (r=-
0.574, P = 0.039). Interestingly, in PPMS the number of OCB was positively associated with CD4+ (r = 0.603, P = 0.015) 
and negatively associated with CD8 + T-cells (r=-0.554, P = 0.033), while IF IgG negatively correlated with CD8 + T-cells 
(r=-0.689, P = 0.003), but only in the preserved BBB function.
Conclusions The PB CD4 + T-cells and B-cells were associated with the intrathecal inflammation in RRMS with BBB dys-
function while CD8 + T-cells were involved in PPMS with CNS-compartmentalized inflammation.
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disease-modifying therapies (DMT) are not effective [3], as 
opposed to pwRRMS. With the disease progression, RRMS 
can develop into a progressive phenotype (SPMS) with con-
tinuing neurodegeneration. Therefore, research is needed to 
define the underlying immunological profile in different MS 
forms to recognize future disease courses and provide opti-
mal therapy.

The proposed drivers of MS are dysregulated immune 
cell interactions in the periphery [4]. Presumably, patho-
genic lymphocytes escape the immune tolerance in pre-
disposed individuals, i.e. in case of the past Epstein-Barr 
virus infection, genetic predisposition, and environmental 
and lifestyle risk factors such as low vitamin D, obesity and 
smoking [5]. In contact with the CNS antigen, these cells 
become re-activated which initiates an autoimmune reaction 
against CNS autoantigens resulting in local inflammation, 
demyelination, and neurodegeneration.

In RRMS, the new lesions are the consequence of lym-
phocyte transmigration in the CNS and are more often 
accompanied by the disrupted blood-brain barrier (BBB), 
while tissue-resident lymphocytes propagate diffuse inflam-
mation and ongoing neurodegeneration in the progressive 
stage. The progressive stage is characterized by the com-
partmentalization of inflammation in the CNS which is often 
reflected in the presence of ectopic lymphoid follicles which 
resemble the structure of the secondary lymphoid organs.

The difference in the clinical course, response to therapy, 
and distribution of CNS inflammation in PPMS and RRMS, 
suggests that the underlying immunological characteristics 
of the disease are different. So far differences in immuno-
logical profiles in relation to intrathecal inflammation in 
different MS forms were not investigated. Therefore, we 
analyzed lymphocyte subpopulations in peripheral blood 
(PB) of pwRRMS and pwPPMS, and evaluated the asso-
ciation of PB lymphocytes with the markers of intrathecal 
inflammation and evaluated their association with disability 
in pwMS.

Materials and methods

Participants

This retrospective observational study was conducted at 
the University Hospital Centre Zagreb, at the Department 
of Laboratory Diagnostics, on data collected from April 
2020 to July 2023. Consecutive adult pwMS who were 
evaluated before the introduction of anti-CD20 therapy in 
the treatment of MS were enrolled. The inclusion crite-
ria were: (1) the RRMS or PPMS diagnosis was based on 
the 2017 McDonald’s criteria, and (2) the decision for the 
introduction of anti-CD20 therapy was based on the current 

treatment guidelines for RRMS and PPMS [6, 7]. The exclu-
sion criteria were: (1) the time between the lumbar punc-
ture and PB flow cytometry was longer than three months, 
(2) the patient was previously on DMT, and (3) the patient 
received corticosteroid therapy less than four weeks prior to 
the evaluation for introduction of anti-CD20 therapy. The 
following clinical data were extracted: age, sex, MS phe-
notype (RRMS or PPMS), disease duration and Expanded 
Disability Status scale (EDSS) score.

Controls for PB cell subsets were patients with performed 
flow cytometry analysis in whom neuroinflammatory, neu-
rodegenerative, autoimmune, or haematological diagnoses 
were excluded. Therefore, the participants were grouped as 
PPMS, RRMS and controls.

The study was approved by the institution’s Ethical Com-
mittee (approval No. 8.1–23/69 − 2).

Methods

At diagnosis, albumin and immunoglobulin G (IgG) con-
centration in paired cerebrospinal fluid (CSF) and serum 
samples were measured by immunonephelometry (Atellica 
360 NEPH, Siemens Healthineers, Marburg, Germany). 
Based on these measurements, the quotients of albumin 
(Alb) and IgG in cerebrospinal fluid and serum were calcu-
lated as follows:

QAlb
(
*10−3

)
=
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(mg

L

)

[Alb in serum]
( g

L
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and an IgG index was calculated using the formula:

IgG index =
QIgG
QAlb

The percentage of intrathecal synthesis of IgG (IF IgG) was 
calculated according to the model by Reiber HO [8] based 
on the following formulae:

LIM IgG
(
*10−3

)
= 0.93 *

√
6 + QAlb2 − 1.7

IF IgG (%) =

(
1 − LIM IgG

QIgG

)
∗ 100

The blood-brain barrier (BBB) integrity was assessed using 
the computational model based on the age dependent QAlb 
limit [8]:
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QAlb limit
(
* 10−3

)
= 4 +

age in years
15

The BBB integrity was classified as dysfunctional if QAlb 
was greater than the age appropriate QAlb limit.

Oligoclonal bands (OCBs) testing was performed by 
isoelectric focusing followed by immunofixation and band 
visualisation on the Hydrasis 2 Scan Focusing device 
(Sebia, France). The results of OCBs testing were reported 
according to the consensus [9]. Types 2 and 3 are consid-
ered positive for OCBs if two or more distinct bands were 
visible in CSF. For this study, all CSF-distinct bands were 
counted by three experienced specialists in laboratory medi-
cine. Finally, the arithmetic mean of three counts was used 
in the analysis.

In patients with positive OCB, the antibody specific index 
(ASI) to measles, rubella, varicella zoster and herpes sim-
plex 1/2 viruses were determined by measuring the titre of 
virus specific antibodies in CSF and serum with respective 
ELISA reagent kits (Euroimmun AG, Lübeck, Germany).

QIgGvirus specific =
[IgG in CSF]
[IgG in serum]

The calculation of ASI depended on the presence of IF-IgG, 
and was calculated as follows:
 
a) if IF IgG = 0%

ASI =
[QIgG virus specific]

[QIgG]

b) if IF IgG ≥ 1%

ASI =
[QIgG virus specific]

[LIM IgG]

An ASI  > 1.5 was considered positive, and participants with 
at least two positive ASI to either measles, rubella, varicella 
zoster or herpes simplex 1/2 viruses were considered as hav-
ing a positive MRZH reaction.

Peripheral blood flow cytometry

Prior to the introduction of anti-CD20 therapy PB imu-
nophenotyping was performed by flow cytometry. Blood 
samples were collected in K2EDTA tubes and the whole 
blood was used for staining with adequate fluorochrome-
conjugated monoclonal antibodies in one 6-color tube. 
The antibodies used for B and T lymphocytes character-
ization were anti-CD45-PerCPCy5.5 (2D1), anti-CD19-
APC (SJ25C1), anti-CD-20-FITC (L27), anti-CD3-APC 

(SK7), anti-CD4-PE (SK3D) and anti-CD8-APCH7 (SK1), 
all purchased from BD Biosciences. Red blood cells were 
lysed with BD FACS Lysing solution and washed in phos-
phate-buffered saline. Stained and washed leukocytes were 
processed on BD FASCLyric and analysed using BD FAC-
SSuite software. The percentages of B-lymphocytes, as 
well as CD4 + and CD8 + T-lymphocytes were analyzed 
with flow cytometer (BD FACSLyric, BD Biosciences). 
The absolute cell counts were calculated according to white 
blood cell count measured on a haematological analyser 
Sysmex XN3000 (Sysmex Europe, Norderstedt, Germany).

Statistical analysis

The type of distribution was tested with Shapiro-Wilks test 
on each group of data used. Normally distributed data were 
presented as mean and standard deviation (SD). Non-nor-
mally distributed quantitative data, or in case of less than 30 
cases per group, were presented as median and interquartile 
range (IQR). Patients’ age was presented as median, with 
minimum and maximum range. Categorical data were pre-
sented with ratios or percentages. Chi-square test was used 
for testing the differences of proportions. Differences in 
quantitative measurements between patient subgroups were 
tested with Kruskal Wallis test. The Dunn’s post-hoc test 
was used for pairwise comparison of subgroups. The Spear-
man rank correlation test was used for correlation testing. 
The P < 0.05 was considered significant. The Bonferroni 
correction was applied in case of multiple comparisons. 
Logistic regression was used for moderate disability predic-
tion (EDSS ≥ 3) and the model accuracy was assessed by 
comparing the area under the curve (AUC) of the Receiver 
operating curve (ROC) analysis. The statistical analysis was 
performed using MedCalc® Statistical Software version 
20.216 (MedCalc Software Ltd, Ostend, Belgium).

Results

In total, 96 pwMS and 36 controls were included. Of pwMS, 
25 (26%) had PPMS, and the rest had RRMS. PwMS did 
not differ from controls in age and sex. The clinical and lab-
oratory data of subjects included in the study are presented 
in Table 1. The median time difference between LP and PB 
flow cytometry analysis was 0 (IQR: 0–26) days in pwMS. 
Median time from the first symptom until the evaluation for 
anti-CD20 therapy was 15 (4–42) months in pwRRMS and 
115 (60–161) months in pwPPMS (P < 0.001). PwPPMS 
were older, median age 49 (30–67 years), compared to 
pwRRMS, median age 36 (18 to 70 years) (P < 0.001). 
No differences were found in the sex distribution, the 
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controls. However, the CD4 + T-cell proportion was related 
to the MS phenotype, as CD4% were higher in PPMS com-
pared to RRMS (P = 0.043) and controls (P = 0.005). The 
CD4+/CD8 + ratio was significantly higher (P = 0.014) in 
PPMS compared to controls. Interestingly, CD8 + T-cells 
and CD19 + B-cells did not differ according to the MS phe-
notype and compared to the controls (Fig. 1).

In all pwMS, the PB immunological status was not asso-
ciated with any of the biomarkers of IgG intrathecal syn-
thesis. While the overall analysis across all MS phenotypes 
did not reveal an association between PB immunological 
status and IgG intrathecal synthesis, further examination 
within specific clinical phenotypes suggests distinction 
between RRMS and PPMS. The PB immunological status 
was associated with the MS phenotype and the BBB func-
tionality. In PPMS, the CD8 + T-cells percentage correlated 
with the IF IgG (r=-0.584, P = 0.006). The association was 
more pronounced in participants with the functional BBB, 
as the number of OCB bands (r=-0.554, P = 0.033) and IF 
IgG (r=-0.689, P = 0.003) negatively correlated with the 
percentage of CD8 + T-cells. The number of OCB bands 
also positively correlated (r = 0.603, P = 0.015) with the 

biomarkers of intrathecal inflammation or BBB function 
between MS phenotypes (Table 2).

Fisher’s exact test was for testing the differences in sex 
distribution. Mann-Whitney test was used for testing the 
differences in quantitative data. Multiple comparisons for 
lymphocyte subsets were corrected by applying the Bon-
ferroni correction and reported in the table. Abbreviations: 
EDSS, Expanded Disability Status Scale; IQR, interquar-
tile range; na, not applicable; PPMS, primary-progressive 
multiple sclerosis; pwMS, people with multiple sclerosis; 
RRMS, relapsing-remitting multiple sclerosis.

Fisher’s exact test was used for testing the differences in 
the distribution EDSS ≥ 3, OCB types, frequency of BBB 
dysfunction and MRZH positivity. Mann-Whitney test was 
used for testing the differences in quantitative data. Abbre-
viations: ASI, antibody specific index; BBB, blood-brain 
barrier; IgG, immunoglobulin G; na, not applicable; EDSS, 
Expanded Disability Status Scale; MRZH reaction, at least 
two positive antibody specific indices to either measles, 
rubella, varicella zoster virus or herpes simplex 1 and 2 
viruses; OCB, oligoclonal bands; PPMS, primary-progres-
sive multiple sclerosis; QAlb, albumin cerebrospinal fluid 
to serum quotient; QIgG, IgG cerebrospinal fluid to serum 
quotient; RRMS, relapsing-remitting multiple sclerosis; 
VZV, varicella zoster virus; HSV1/2, herpes simplex virus 
1 and 2.

The PB proportions of CD4 + and CD8 + T-cells and 
CD19 + B-cells were not different in pwMS compared to 

Table 1 General information and peripheral blood flow cytometry 
measurements of study participants

Controls
N = 36

PwMS
N = 96

P 
value

Sex, N of females (%) 27 (75) 61 (63) 0.300
Age, median (min-max) 39 (19–68) 40 (18–70) 0.724
EDSS, median (IQR) na 2.5 (1.0-3.5) na
Disease duration (months), 
median (IQR)

na 23 (4-103) na

MS phenotype na PPMS = 25
RRMS = 71

na

Lymphocytes, T-cells
 CD4+ (%), median (IQR) 44.2 

(39.8–49.1)
48.6 
(41.5–52.5)

0.203

 CD4+ (#), median (IQR) 769 
(618–926)

825 
(626–1086)

1.000

 CD8+ (%), median (IQR) 24.8 
(21.2–30.2)

22.1 
(19.4–28.1)

0.721

 CD8+ (#), median (IQR) 426 
(308–637)

396 
(276–517)

1.000

 CD4/CD8, median (IQR) 1.8 (1.3–2.2) 2.1 (1.5–2.5) 0.336
Lymphocytes, B-cells
 CD19+ (%), median 
(IQR)

9.8 
(7.9–12.8)

11 (8.3–14.8) 1.000

 CD19+ (#), median (IQR) 165 
(136–250)

184 
(135–248)

1.000

Table 2 Differences in biomarkers of intrathecal inflammation in peo-
ple with primary-progressive and relapsing-remitting multiple sclero-
sis

PPMS
N = 25

RRMS
N = 71

P value

Sex, N of females (%) 13 (52) 48 (68) 0.163
Age, median (min-max) 49 (30–67) 36 (18–70) < 0.001
N of people with EDSS ≥ 3 / 
N of people with EDSS < 3

25/0 22/49 < 0.001

QAlb, median (IQR) 5.6 (4.6–7.3) 5.2 (4.1-7.0) 0.304
QIgG, median (IQR) 5.6 (3.7–7.7) 4.2 

(2.9–6.3)
0.103

BBB dysfunction, N (%) 5 (20) 18 (25) 0.580
IgG index, median (IQR) 1.1 (0.7–1.6) 1.1 

(0.8–1.6)
0.960

IF IgG, median (IQR) 10 (0–40) 15 (0–31) 0.681
OCB type, N
Type 1 0 2
Type 2 19 59
Type 3 4 8
Type 4 2 2
Positive OCB, N (%) 23 (92) 67 (94) 0.649
OCB bands, median (IQR) 13 (9–16) 12 (9–17) 0.828
Measles ASI, median (IQR) 0.8 (0.6–1.6) 0.8 

(0.6–0.9)
0.477

Rubella ASI, median (IQR) 1.0 (0.6–1.3) 0.9 
(0.7–1.3)

0.893

VZV ASI, median (IQR) 0.9 (0.8–1.5) 1.1 
(0.8–1.8)

0.302

HSV1/2 ASI, median (IQR) 0.9 (0.7–1.1) 0.9 
(0.7–1.1)

0.884

MRZH positive/total number 
of tested patients

4/21 15/63 1.000
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Fig. 1 Differences in percentages and absolute counts of peripheral 
blood T and B-cells in primary-progressive (PPMS) and relapsing-
remitting MS (RRMS) compared to controls (CTRL). The boxes in 
the boxplot represent interquartile range (IQR) and the middle line the 
median. The whiskers of the boxplot extend 1.5 times the IQR from 

both percentiles (Q1–1.5 * IQR or Q3 + 1.5 * IQR). Differences were 
tested using the Kruskal-Wallis test and Dunn’s post-hoc test. Multiple 
comparisons were corrected by applying the Bonferroni correction and 
only the statistically significant differences (P < 0.05) between groups 
were reported above the horizontal line
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The Mann-Whitney test was used for testing the differ-
ences between groups. The differences in PPMS could not 
be tested due to the small number of cases. Abbreviations: 
na, not applicable; MRZH reaction, at least two positive 
antibody specific indices to either measles, rubella, vari-
cella zoster virus or herpes simplex 1 and 2 viruses; pwMS, 
people with multiple sclerosis; PPMS, primary progressive 
MS; RRMS, relapsing-remitting MS.

The associations of PB immunophenotyping, CSF analy-
sis and clinical data parameters with moderate or higher dis-
ability (EDSS ≥ 3) in pwMS were tested to evaluate whether 
the PB immunophenotype has any additional influence on 
disability compared to other data. The AUC was 0.910 (95% 
CI 0.827–0.961) for attaining EDSS ≥ 3, the equation had 

percentage of CD4 + T-cells in this cohort. The associa-
tion of PB lymphocytes with the dysfunction of the BBB in 
PPMS could not be tested due to the small number of cases. 
In RRMS, PB immunological status was strongly associ-
ated with the IgG intrathecal synthesis in case of the BBB 
dysfunction: IF-IgG negatively correlated with the percent-
age of CD4 + T-cells (r=-0.574, P = 0.039) and IgG index 
positively correlated with the percentage of CD19 + B-cells 
(r = 0.642, P = 0.012) (Fig. 2). The same associations of 
intrathecal IgG synthesis biomarkers and absolute T- and 
B-cell counts in PB were found (data not shown).

The MRZH reaction status was not associated with the 
PB immunological status, regardless of the MS phenotype 
(Table 3).

Table 3 Peripheral blood immunological status in relation to the MRZH reaction status and MS phenotype
PwMS P PPMS P RRMS P
MRZH negative 
(N = 65)

MRZH 
positive
(N = 19)

MRZH nega-
tive (N = 17)

MRZH 
positive
(N = 4)

MRZH negative
(N = 48)

MRZH 
positive
(N = 15)

CD4%, median (IQR) 48.4 (41.4–51.8) 49.3 
(44.4–52.9)

0.358 51.2 
(41.8–53.5)

56.9 
(51.9–59.1)

na 47.1 (41.4–51.3) 48.4 
(43.5–51.7)

0.606

CD8%, median (IQR) 22.1 (19.7–28.1) 22.0 
(17.9–25.2)

0.556 21.8 
(14.4–26.2)

16.9 
(14.0–20.0)

na 22.5 (19.8–28.2) 22.1 
(20.7–27.5)

0.994

CD4/CD8, median 
(IQR)

2.1 (1.6–2.5) 2.1 (1.6–2.9) 0.570 2.4 (1.6–3.8) 3.4 (2.6–4.3) na 2.0 (1.5–2.5) 2.0 (1.6–2.4) 0.916

CD19%, median 
(IQR)

10.6 (8.1–14.0) 11.5 
(8.3–16.0)

0.464 11.3 
(6.2–13.7)

10.9 
(8.4–13.5)

na 10.6 (8.4–14.1) 13.7 
(8.3–16.7)

0.534

Fig. 2 Correlations (Spearman 
rank test) of the percentage of 
peripheral blood T and B-cells 
with the cerebrospinal fluid mark-
ers of intrathecal IgG synthesis 
in relation to the blood-brain 
barrier (BBB) function. The 
association of PB lymphocytes 
with the dysfunction of the BBB 
in PPMS could not be tested due 
to the small number of cases. 
Multiple comparisons were cor-
rected by applying the Bonferroni 
correction and reported. The 
statistically significant (P < 0.05) 
correlations were highlighted 
with color indicating the strenght 
and direction of the correlation 
coefficient. Abbreviations: IgG, 
immunoglobulin G; IF IgG, the 
percentage of the intrathecally 
synthetised IgG; PwMS, people 
with multiple sclerosis; PPMS, 
primary progressive MS; RRMS, 
relapsing-remitting MS
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[10, 11]. Lower frequency of regulatory Th-cells found in 
MS [12] contributes to the proliferation of autoreactive 
CD4 + T-cells [13] and is associated with the abnormal CSF 
IgG synthesis [14]. Autoreactive CD4 + T-cells play the 
central role in both initiating the disease in the peripheral 
lymphoid organs, as well as in infiltrating the CNS through 
the BBB and participating in the demyelination process by 
producing proinflammatory cytokines like IFN gamma, 
IL-17, TNF alpha and GM-CSF [15]. Interestingly, higher 
proportion of CD4 + T-cells was associated with the PPMS, 
but not the RRMS, phenotype in our study. Previously, a 
higher frequency of CD4 + T-reg cells [16] and a lower fre-
quency of total CD4 + memory T-cells [17] were associated 
with the PPMS disease phenotype. There are mixed reports 
for differences in CD4 + T-cells in newly diagnosed RRMS, 
with some reporting no differences to controls [18], while 
others reported that CD4 + T-cells and CD4/CD8 ratio were 
higher compared to controls [19]. In our study, pwPPMS 
had a longer disease duration and were on average a decade 
older compared to the pwRRMS. There are conflicting 
reports on whether there is an influence of age on the pro-
portion of CD4 + T-cells across the adult lifespan in healthy 
individuals, as some authors report no differences [20–23] 
while others do [24–26]. However, the age-related changes 
in the composition and function of the adaptive and innate 
immune systems in healthy individuals are well recognized, 
and eventually lead to a less effective immune response. 
With aging, MS patients harbour abnormally increased 
frequencies of CD4 + T-cells with activated and cytotoxic 
effector profiles [27]. The lasting underlying immunological 
mechanisms in the respective MS phenotypes could there-
fore influence pwPPMS more and may be the reason for the 
observed differences in the CD + T-cell proportion in these 
individuals.

Unlike previous findings of lower CD8 + T cells count 
in pwMS [18], especially in patients with PPMS [28], 
we did not confirm any changes in pwMS related to the 
CD8 + T-cells. Although PPMS did not differ in the propor-
tion of peripheral CD8 + T-cells in our cohort, we showed 
that the peripheral CD8 + T-cell compartment was inversely 
associated with the percentage of IgG intrathecal synthe-
sis and the number of OCBs in PPMS, and more so in the 
case of the functional BBB. Also in these individuals, the 
peripheral proportion of CD4 + T-cells positively correlated 
with the OCB count. Previous research has shown that CNS 
lesions exhibit a higher presence of CD8 + T cells compared 
to CD4 + T cells [29] which could imply higher recruitment 
of CD8 + T cells to the CNS. Moreover, others have demon-
strated a correlation between CD8 + T cell presence in CNS 
lesions and axonal damage [30], a factor strongly linked to 
MS progression [31]. Given the indication in this study of a 
heightened recruitment of CD8 + T cells into the CNS, it is 

a high sensitivity of 75.6% (95% CI 59.7–87.6%) and an 
excellent specificity of 95.3% (95% CI 87.7–99.9%), at 
the criteria of 0.55. The combination of all parameters had 
superior accuracy measures compared to clinical data, CSF 
analysis data or PB immunophenotyping data alone (Fig. 3). 
The logistic regression equations with all input variables are 
available as the Supplemental File.

Discussion

Considering the heterogeneous clinical presentation of 
progressive and relapsing-remitting MS forms, as well as 
unpredictable disease activity in RRMS we have analyzed 
the peripheral blood immunological status of pwMS and 
compared it to the CSF analysis biomarkers of intrathecal 
IgG synthesis and blood-brain barrier function.

Different proportions of CD4 + T-cells were not found 
in pwMS compared to control subjects in our study even 
though the key role of CD4 + T-cells in the immunopatho-
genesis of MS has been demonstrated in multiple studies 

Fig. 3 Receiver operating curve analysis for attaining of moderate and 
higher disability in people with multiple sclerosis. The combination 
of clinical data, CSF analysis and PB immunophenotyping has the 
greatest accuracy for EDSS ≥ 3 compared to clinical data, CSF data or 
PB immunophenotyping data alone. The logistic regression equations 
with all input variables are available as the Supplemental File. Abbre-
viations: AUC, area under curve; 95%CI, 95% confidence intervals
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associated with the percentage of CD19 + B-cells in RRMS 
with the dysfunctional BBB who were more likely to have 
a more active disease course. The CD4 + T-cells and B-cells 
are seemingly involved in the initiation of the aberrant 
immune response and demyelination in BBB dysfunction 
in RRMS while CD8 + T-cells are involved in the autoim-
mune processes in the CNS with functional BBB leading to 
neurodegeneration.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s13760-
024-02597-8.
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