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Abstract
Introduction. Prognostic markers can be used to evaluate a response to anti-B-cell therapy in patients with multiple sclerosis (MS).
Aim. The study aimed to evaluate the characteristics of peripheral blood (PB) lymphocytes and monocytes in patients with aggressive MS during
the first 6 months of anti-B-cell therapy.
Materials and methods. Twenty-nine patients with aggressive MS were treated with a humanized anti-CD20 monoclonal antibody (anti-CD20
mAb). A panel of MAbs to differentiation antigens of PB lymphocytes was used to assess the parameters of cellular immunity using six-color flow
cytometry. The reference values were based on the similar parameters of ten apparently healthy volunteers.
Results. At month 6, the initial course of anti-CD20 therapy resulted in low recovery of the PB sub-populations of B cells in 85% of patients.
Significant decreases were reported in the absolute counts of T cells, T helper cells, Natural Killer (NK) cells, and relative percentage of natural killer
T (NKT) cells. The study also showed low levels of activated T cells and significantly decreased percentage of memory B cells (CD27)) and B cells
expressing costimulatory and activation molecules (CD40, CD38", and CD25, respectively). A significant decrease in the mean fluorescence intensity
of HLA-DR was observed on PB monocytes compared to normal values and those in patients receiving other disease-modifying therapies. Anti-
CD20 therapy may indirectly suppress their antigen-presenting ability. Other immunological criteria for prediction of MS progression and magnetic
resonance imaging activity during the first year of anti-B-cell therapy may include the following changes from baseline: increased percentages of
CD3', CD3"HLA-DR', CD25'CD3", and CD95*CD3" cells; significant expression of the CD40 molecule and B-cell activation markers CD38 and CD25,
and decreased expression of CD95.
Conclusion. Further research on changes in cellular immunity parameters during anti-CD20 therapy could allow for early adjustment of MS
treatment to stabilize the patient’s condition.
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[IporHo3upoBanue 3(pPeKTUBHOCTHU JieUeHUS
MallMEHTOB C pacCesIHHbIM CKJIEPO30M,

[0JIyYalomUX aHTU-B-K/IeTOUHYI0 Tepanulo
10.A. benoga, 10.10. Uykcuna, C.B. Koros

Mocxosckuii o6nacmwoti Hayuro-uccredosamensckutl kaunuteckuti unemumym umenu M.®. Bnadumupckoeo, Mockea, Poccus

AHHOTanMg

Beedenue. [Ipu HasHaueruy aHmu-B-knemouroii mepanuu 6obHbLM paccestHbim ckneposom (PC) oyenums omsem Ha mepanuio MoXHO no ypos-
HI0 NPOZHOCMUYECKUX MAPKEPOB.

Llens: uccnedosanue ocobexHocmeli nonynayuti aumoyumos u moroyumos nepugpepuseckoii kposu (IIK) y nayuenmos ¢ azpeccussim PC 8
nepevie 6 mec npoedeHus anmu-B-knemounoii mepanuu.

Mamepuanst u memodst. 29 nayuenmam c azpeccushvim PC Obinio HasHauero zymanusupoanxoe anmu-CD20 MOHOK/IOHATbHOe aHmumeno
(anmu-CD20-MAT). Tlapamempb! K7emouHo2o uMMyHUmema oyeHusany Memodom 6-ysemHoii npomouHoli Yumomempuu ¢ UCNO/b308aHUEM NAHeNU
MAT « ducppepenyuposounsim anmueenam aumgoyumos IIK. B kauecmee peghepeHcHbIX 3HAUEHUL UCNONb308AHbI AHANIOUYHbIE NOKA3AMENU
10 npakmuuecku 300po6bLX Uy,

Pesynomamet. [Ipogedenue 1-20 kypca aumu-CD20-MAT npodemoHcmpuposano Huskyio cmeneHb 80CCMAHOBNEHUS KOTUYECTBEHHbIX
napamempos nonynsuyuu B-numgpoyumos TIK y 85% nayuermog uepe3 6 mec. Bbino ommeueHo 8bipaxeHHoe CHUXeHue abCOMOMH020 KouUe-
cmea T-numdoyumos, T-xenneproti cybnonynsyuu, NK-numepoyumos, codepxarus NKT-cyononynayuu u Huskuii ypogeHs aKmugUpOBAHHbIX
T-numgpoyumos, cyujecmserHoe cHuxeHue codepxanus B-knemox-namamu (CD27'), a makxe B-knemok, akenpeccupyrowjux Kocmumyaupylougue
u akmusayuonHsie monexynst (CD40, CD38", CD25* coomeemcmaenHo). OOHAYKEHO 3HAUUMETIBHOE CHUKEHUe Napamempa cpeoHetl UHmeHcus-
Hocmu ¢noopecyeryuu HLA-DR na moroyumax 1K no cpagreHuio ¢ HOpManbHbLMu 3HAUEHUAMU U NayueHmamu, nony4aswumu opyeue npena-
pam, usmensiougue meueue PC. Boamosxro, anmu-CD20-MAT onocpedosanro nodasnsiem ux aHmuzeHnpeseHmupyiousyio cnocodrocmy. Hmmy-
HOI02UUeCKUMY OONOTHUME IbHbIMU KpUMepUSMU npozHo3uposaus obocmpenus PC u akmusrocmu no MPT e nepebiii 200 anmu-B-knemounoi
mepanuu Mozym CJyKUMb U3MeHeHUs N0 CPAGHEHUIO ¢ UCXOOHbIMU Cedylowux napamempos: nosviuienue codepxanus CD3*-, CD3*HLA-DR'-,
CD25'CD3*-, CD95*CD3*-numepoyumos; svipaxenHas akcnpeccus kocmumynupyioujeti monexynst CD40 u mapkepos axmusayuu B-numgoyumos
CD38, CD25 npu cuuxenuu axenpeccuu CDI5,

3axnwouenue. Janshetiiee usyyenue JuHaMUKU usmeHeHuti noxazameneti kiemouroeo umMmyHumema nod deticmeuem anmu-CD20-MAT dacm
803MOKHOCIL paHHell koppexyuu mepanuu PC, HanpaenexHoil Ha cmabunu3ayuio cocmosHus nayuexma.

Kntoueewte cnoea: paccesnibiti cknepos; T-numgoyumoy; B-numgoyumel; Guomapkepol

IJTuyeckoe yrBepskaeHue. Vccienosanue 07100peHO He3aBUCHMbIM 3THYeckuM KomutetoMm npu MOHUKU um. M. Branu-
mupckoro (mportokon N 8 ot 13.06.2019).
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Introduction

Multiple sclerosis (MS) is considered a heterogeneous,
multifactorial, immune-mediated disease, with T cells and
B cells both playing a key role in its pathogenesis. B cells
present antigens to T cells and produce cytokines, which
act as inflammatory mediators [1, 2]. B cells also produce
autoimmune antibodies to myelin components, thereby

affecting the processes of demyelination and axonal damage.
In other words, B cells are involved in the humoral immune
response at every stage of MS [3].

Treatment strategies for MS are based on its pathogenesis
and include reducing the activity of Th1/Thl7 cells,
activating regulatory T cells, inhibiting the migration
of lymphocytes into the nervous system, and targeting
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B cells. The mechanisms of autoimmune inflammation,
including the role of regulatory B cells, are not fully
understood [4, 5].

The research focuses on anti-B-cell therapies, particularly the
use of anti-CD20 monoclonal antibodies (mAbs). This protein
is expressed on pre-B cells, mature B cells, and memory
B cells, but not on early B cell progenitors or plasma cells.
Anti-CD20 mAbs deplete B cells via antibody-dependent
mechanisms such as phagocytosis, cellular cytotoxicity
and apoptosis, resulting in reduced immunopathological
inflammation in MS. However, humoral and innate immunity,
as well as the ability to recover B cells, are still maintained,
and the total T cell count remains almost unchanged [6-9].

Experimental and clinical studies focus on mechanisms by
which anti-CD20 therapy depletes and recovers B-cell-rich
immunological compartments, such as the bone marrow,
peripheral blood (PB), spleen, and lymph nodes, as well as to
evaluate B cell function after temporary elimination [10, 11].
The most effective B cell depletion was observed in blood,
where anti-CD20 therapy resulted in virtually complete
absence of B cells. The lowest depletion of CD19* B cells was
reported in the bone marrow. After treatment, CD20* B cells
repopulated the bone marrow and spleen simultaneously, and
then reappeared in the blood [10].

One of the key issues related to prescribing anti-B-cell therapy
is to establish personalized criteria, such as prognostic
markers for optimal treatment response, as well as treatment
dosage and frequency. For some patients, frequency of every
six months may be excessive due to a significant decrease
the CD19* B cell count. Therefore, the percentage of memory
B cells (CD19*CD27*) was considered such a prognostic
marker [12-14].

In real-world practice, it is particularly relevant to evaluate
the effects of anti-CD20 therapy on various parameters of
innate and adaptive cellular immunity in patients with MS,
especially PB parameters, to assess the systemic effects of
therapy.

The study aimed to evaluate the characteristics of PB
lymphocytes and monocytes in patients with aggressive MS
during the first 6 months of anti-B-cell therapy.

Materials and methods

Inclusion criteria:

¢ informed consent signed by a patient;

* aggressive course of MS;

¢ anti-CD20 therapy for at least 24 months;

* availability of testing for cellular immunity before the start
of therapy and 6 months after the first dose.

Exclusion criteria:

o refusal to sign an informed consent;

¢ contraindications to anti-CD20 therapy;
* inability to attend follow-up visits.

A control group included 10 apparently healthy volunteers
who were matched by sex and age.

buomapkepb! 3dEKTUBHOCTH Tepanii pacCcesHHOro CKneposa

The study was conducted in accordance with the Helsinki
Declaration of the World Medical Association, the
International Council for Harmonization, and local laws. All
study participants provided informed written consent after
a detailed discussion of the protocol. The study was approved
by the Local Ethics Committee at M.E. Vladimirsky Moscow
Region Research Clinical Institute (Protocol No. 8 dated
June 13, 2019).

Patients with MS (n = 29) were examined according to clinical
guidelines' to identify contraindications to anti-B-cell therapy
with a recombinant humanized mAb that selectively targets
B cells expressing CD20 (anti-CD20 mAbs). The first dose of
anti-CD20 therapy was administered via a specialized system
as two intravenous 300-mg infusions, the second of which
was given two weeks after the first dose. This was followed
by single 600-mg infusions every six months. PB parameters
of cellular immunity parameters were evaluated before the
initial course of anti-CD20 therapy and during subsequent
courses at 6, 12, 18, and 24 months thereafter, with changes
in functional state and neuroimaging assessed.

Six-color flow cytometry was performed to evaluate the
cellular immune response in patients with MS, using a panel
of mAbs (Becton Dickinson) to differentiate antigens on PB
lymphocytes and monocytes.

The percentages and counts of the following cell types were
assessed: T-cells (CD3*), B-cells (CD19*CD20%), Natural Killer
(NK) cells (CD3-CD16*CD56%), T helper cells (CD3*CD4*),
cytotoxic T cells (CD3*CD8*), and Natural Killer T (NKT) cells
(CD3*CD16*CD56"), as well as the percentages of activated
T-cells (CD3*CD25*, CD3*HLA-DR*, CD3*CD95*) within the
CD45* lymphocyte population. HLA-DR expression on PB
monocytes was evaluated based on the CD14*HLA-DR* count.
HLA-DR expression intensity on PB monocytes was evaluated
using mean fluorescence intensity (MFI), which reflects
HLA-DR molecule density on the monocyte membrane and
indicates their antigen-presenting function.

The study evaluated the immunophenotypic characteristics
and timing of B cell recovery in PB after anti-CD20 therapy.
Based on cytometry of the entire lymphocyte population
using the CD45%/side scatter gating with no more than 50,000
events to be included, it was assumed that not all patients
with MS would have detectable B cells after six months of
the initial course of anti-CD20 therapy. Indeed, the majority
of patients (85%) had no CD19* cells. The cell elements were
concentrated to collect a large number of B cells, forming
a complete cluster. The PB samples were preliminarily divided
into several portions of 500-1,000 uL each. The erythrocytes
were lysed using PharmLyse solution (Becton Dickinson).
After rinsing twice with phosphate-buffered saline, the
sediment was concentrated in one test tube. The next step
was to perform cytometry on the PB samples that had been
incubated with mAbs to specific lymphocyte differentiation
antigens (CDs), conjugated with fluorescent dyes. B cells were
gated based on side scatter (SSC) and CD19* expression. The
analysis included at least 500,000 events.

"Multiple sclerosis. Clinical guidelines, 2025. https:/cr.minzdrav.gov.ru/clin-rec (accessed on
August 1, 2025).
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As a result, the composition of the B cell subpopulations
was determined within the CD19* lymphocyte gate: Bl cells
(CD5*), memory B cells (CD27+), and expression of activation
and costimulatory molecules (CD40, CD25, CD38, and CD95).

Statistical analysis was performed using SPSS Statistics v. 23
(IBM Corp.). The Kolmogorov-Smirnov test was used to
evaluate the data normality. The following tests were used to
identify differences between groups: the independent t-test,
the Mann-Whitney test, the one-sample t-test with one-way
analysis of variance (ANOVA), and the paired t-test with
the Wilcoxon test (differences were considered significant at
p < 0.05). A regression analysis was performed that included
the Durbin—Watson pretest and partial correlations to evaluate
the strength of dependence between the variables (the effects
were considered significant at p < 0.05). Discriminant analysis
was used to identify the most significant difference factor
for nominal variables in independent samples. The analysis
included Wilks lambda, one-way ANOVA, the F-test for equality
of variances, and stepwise regression. The quantitative data on
the HLA-DR expression on PB monocytes are presented as the
median and quartiles (Me [Q,; Q,]). A Kruskal-Wallis test was
used for comparison. Differences between samples with a less
than 5% probability of a type I error (p < 0.05) were considered
significant. In cases of multiple pairwise comparisons, the
Bonferroni correction was used.

Results

MS therapy was adjusted with anti-CD20 mAbs in 29 patients
in the study group, including 22 women (75.9%) and 7 men
(24.1%). The mean age was 369 = 7.7 years. The mean
duration of MS was 15.7 years (95% confidence interval [CI]:
6.42, 24.91). The mean Expanded Disability Status Scale
(EDSS) score was 3.2  1.5. Since their MS diagnosis, patients
had received an average of 3.7 disease-modifying therapies
(DMTs) (95% CI: 2.83, 4.59).

Of 29 patients with aggressive MS included in the study,
six (23.6%) received interferon beta, 19 (65.2%) received
natalizumab, one (3.4%) received teriflunomide, one (3.4%)
received glatiramer acetate, and two (6.9%) treatment-naive
patients initiated anti-CD20 therapy.

Of 19 patients who received natalizumab as their last treatment
option before treatment adjustment, 14 switched due to a
high antibody titer to the John Cunningham virus for more
than 24 months of treatment, and high risk for progressive
multifocal leukoencephalopathy. Four patients reported a
worsening of MS symptoms and progressed to secondary
progressive MS. A washout period for natalizumab switch to
an anti-CD20 mAb was 7.4 months (95% Cl: 4.14, 10.71). Twenty
(71.3%) patients included in the study group had experienced
a MS exacerbation within the previous 12 months, including
patients who were in the washout period after natalizumab
discontinuation.

The total PB lymphocyte count before anti-CD20 therapy was
significantly higher (p = 0.001) than that of healthy volunteers
(Table 1). This difference may be due to the previous use of
natalizumab, which could be associated with increased PB
lymphocyte counts [15].

Compared to normal values, the study group showed a
significant increase in the percentage of T helper cells, though
not in their absolute counts. There was also a decrease in the
percentage of cytotoxic T cells and NKT cells, as well as in
absolute counts of NK cells. Levels of T cells and B cells,
as determined by CD19 and CD20 markers, as well as their
antigen-presenting potential (CD19*HLA-DR*), were normal.
However, patients demonstrated a significant decrease in
activated T cells (CD3*HLA-DR*) before the adjustment of
anti-CD20 therapy.

Six months after the initial course of anti-CD20 therapy,
the total count of PB lymphocytes decreased significantly
compared with baseline values and those of the control group
(Table 1). However, this decrease did not reach the values
determined by the Common Toxicity Criteria (CTC) score.?
As for the relative parameters, patients showed a significant
increase in PB levels of T cells and T helper cells. However,
this increase was associated with compensatory mechanisms
due to the depletion of B cells, which had not normalized by
the start of the study. These parameters showed significantly
lower absolute values compared to the control group. The
level of the cytotoxic T cells did not differ significantly from
that of healthy volunteers, in either relative or absolute
terms. There was a significant decrease in the absolute count
of NK cells and percentage of NKT cells, as well as low levels
of activated T cells. NK cells are considered to play a double
role in MS. First, they can demonstrate a cytotoxic effect
on autoreactive effector cells. Second, they can promote the
damage and lysis of astrocytes and oligodendrocytes, as well
as influence the level of regulatory T cells in patients with
MS [16].

The percentage of B cells in patients ranged from 0% to 7.5%.
Only 15% of patients had normal values within the range
of 6.0% to 7.5%. Thirty-eight percent of patients had B cell
percentages of 2% to 4%. The remaining 47% had a percentage
of up to 1%. Therefore, 85% did not normalize their B cell
levels. Similarly, the percentage of B cells that could present
antigens (CD19*HLA-DR*) decreased dramatically.

Before the start of anti-CD20 therapy, patients with MS
did not differ significantly from the control group in terms
of the percentage of B cells expressing the costimulatory
molecule CD40, the CD95 apoptosis marker, or the Bl cell
subpopulation (CD19*CD5*) associated with the production
of autoantibodies (Table 2).

Patients with MS showed a significant (p < 0,05) increase
in the percentage of memory B cells (CD19*CD27*) and B
cells activated by CD38 and CD25 antigens compared to the
control group.

At month 6 after the initial course of anti-CD20 therapy,
patients with MS showed a significant increase in the
percentage of circulating CD5* B cells (p < 0.05) and a
significant decrease in the percentage of memory B cells
(CD27+), as well as B cells expressing costimulatory and
activation molecules (CD40, CD38, and CD25) (p < 0.05).

2Multiple sclerosis. Clinical guidelines, 2025. URL: https://cr.minzdrav.gov.ru/clin-rec
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Table 1. Cellular immunity parameters in patients with MS (M + SD)

Six months after the first dose

Before B-cell therapy of anti-CD20 therapy

Healthy volunteers

Parameter

Total lymphocyte
count

CD3* T cells

T helper cells
CD3+CD4+

Cytotoxic T cells
CD3+CD8t,
% of cells

NK cells
CD3-CD16* CD56*

NKT cells
CD3+CD16+*CD56*

B cells
CD19+

B cells
CD20*

CD3+HLA-DR*

CD19*HLA-DR*

CD3+CD25*

CD3+CD95*

x 10%L

%

abs.

%

abs.

%

abs.

%

abs.

%

%

abs.

%

%

%

%

%

(n=29)
1

2,145.6 £784.3

75.67 +6.71

1520.7 £ 118.2

46.84 £7.75

939.2+71.9

26.89 +7.96

565.7 £ 75.6

11.50 + 4.46

189.0 £ 25.2

6.01 +£4.52

12.78 £4.8

284.7 +60.3

12.25 + 3.44

7.67 +3.08

9.86+5.3

19.6 £ 6.64

10.5 £6.85

(n=29)

2

1,725.4 £ 648.9

85.03 £5.63

1,352.9 £ 65.9

51.54 +10.64

795.8 £+ 64.4

31.43 £ 10.51

477.6 £49.7

12.76 + 6.09

180.3+17.2

5.7 £ 3.68

1.60+2.25

25.7£10.0

0.75 £1.37

6.11 £2.52

1.30+1.94

26.81 +23.83

44.42 £ 25.05

(n=10)
3

2,070.0 £101.3

74.97 +1.53

1,670.7 £ 131.5

40.69 £ 2.27

1,125.5£103.2

33.00 + 3.08

537.9+56.4

12.47+1.70

328.7+18.4

10.50 +1.73

11.79+1.86

271.6+29.6

11.19+1.83

13.30 £ 2.60

10.32 + 3.41

11.16 £ 5.22

42.14 £18.99

p,,<0.001*
p,,=0.001*
p, ,=0.001*
p,,=0.001*
p, ,=0.09
p, ,=0.001*
p,_=0.107
p, . =0.1230
p,,=0.0173
p,,=0.001*
p, ,<0.001*
p,,=0.001*
p, ,=0.0678
p, = 0.6870
p, ,=0.0044*
p,.,=0.05
p, ,<0.001*
p, = 0.484
p,,=0.1633
p, = 0.3820
p, = 0.2076
p,,=0.001*
p, ,=0.281
p, = 0821
p, ,=0.3857
p, ,<0.0000*
p, , < 0.0000*
p,,=0.001*
p,,=0.001*
p,,=0.001*
p,,=0.001*
p,,=0290
p, < 0.001*
p, ,<0.001*
p, = 04214
p, ,<0.001*
p,.,<0.001*
p,,=0723
P, ,<0.001*
p,,=0.001*
p,,=0.001*
p, < 0.001*
p,,=0.001*
p,,=0.709
p,,<0.001*
p, ,=0.06
p, ,=0.056
p, =035
p,,<0.001*
p, ,=0.69
p, =096

Note. The results are presented as the relative percentage (%) and absolute (abs.) count of lymphocytes. The relative value is expressed as a percentage of the total count of CD45* cells, and the
absolute value is expressed as the number of cells in 1 pL of PB. *The difference is statistically significant when adjusted by the Bonferroni correction.
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Table 2. Parameters of B cell immunity in patients with MS (% of CD19* gate cells)

Six months after the first dose

Before B-cell therapy
Lymphocyte population (n=29)

1

CD40+ 48.32 £27.49

CD95* 23.02 £17.32

CD5* 14.35+11.10

CD27+ 37.40 £15.32 1

CD38* 34.41+£20.81

CD25¢ 23.16 £ 14.59

Note. *The difference is statistically significant after the Bonferroni correction.

A significant increase in the expression of CD95 and CD5
antigens on B cells from baseline levels (p < 0.05) suggests
an inadequate response to a single dose of anti-CD20 therapy
and high likelihood of a future MS exacerbation.

The study evaluated how different DMTs affect the expression
patterns of a HLA-DR molecule on PB monocytes in patients
with MS. No significant differences in the percentages
of monocytes expressing HLA-DR were found between
treatment-naive patients with aggressive MS, all DMT
groups, and healthy volunteers (Table 3). The MFI HLA-DR
index in treatment-naive patients and patients treated with
interferon-beta and natalizumab did not differ from that of
healthy volunteers. A significant decrease in MFI HLA-DR was
only found in patients who received the initial course of anti-
CD20 therapy compared to healthy volunteers. This finding
suggests that anti-CD20 therapy may indirectly affect PB
monocytes by suppressing their ability to present antigens.

The study group (n = 29 patients) continued to be followed
up for 24 months, receiving subsequent courses of anti-CD20
therapy at the dose of 600 mg at 6, 12, 18, and 24 months
after the initial course.

MRI activity was recorded in 7 patients (24.13%). In 1 patient,
gadolinium-enhancing (Gd*) lesions were detected after 6
and 12 months of therapy. Changes in MRI scans revealed
Gd* lesions in 2 patients after 6 months, 3 patients after
12 months, and 1 patient after 24 months of therapy. New
non-contrast-enhancing lesions were detected in two patients:
one after 12 months and the other after 24 months.

of anti-CD20 therapy
(n=29)

17.13 £23.12

25.85 + 25.05

21.38 + 20.21

25.45 +18.15

29.04 £23.24 1

13.93 £ 12.83

Healthy volunteers

3

p,,=0.001*
p,,=0.883
p,., =0.001*

p,_, = 0.004*
p,_, = 0.406
p, = 0.427

p,_, = 0.004*
p,,=0.228
D, =0.497

p,,=0.001*
P =001
p,,=0599

p,.,=0.001*
p,,=0.001"
p,,=0.08

p,_,=0.003*
p,_, = 0.007*
P, =0.970

49.20 £ 4.45

19.89 £ 2.30

17.29 + 3.96

28.30+2.74

16,10 £ 2.63

13.93+12.82

Clinical data, disease progression, and cellular immunity
parameters in patients before and six months after the start
of anti-CD20 therapy revealed changes in PB lymphocyte
subpopulations, which can be interpreted as risk factors
for MS activity within two years. An increase in the relative
percentage of CD3* T cells in a follow-up test is a significant
factor for MRI activity during the first six months of therapy
(p = 0.014, predictive accuracy of 68.2%). A decrease in CD19*
and CD20" counts was not identified as significant factors
(p = 0.09).

At month 12, MRI activity with prognostic accuracy of
greater than 90% was detected in patients who showed
increased levels of CD25*CD3* (p = 0.007), CD95*CD3* (p =
0.046), CD40*CD19* (p = 0.000), CD5*CD19* (p = 0.003), and
CD38*CD19* (p = 0.001) cells, as well as decreased levels of
CD95*CD19* cells (p = 0.001) after the first course of anti-
CD20 therapy. This study revealed no significant biomarkers
for MRI activity at month 24, which may be due to PB changes
resulting from subsequent courses of anti-B-cell therapy.

An exacerbation was diagnosed in five (17.24%) patients and
in one (3.44%) patient after 6 and 12 months of therapy.
Increased levels of activated CD3*HLA-DR* cells was a
significant risk factor for exacerbations after 6 months of
therapy, with a 90.9% probability (p = 0.02).

During 12 months after the start of therapy, the risk of
exacerbations increased by more than 90% with increased
levels of CD25°CD3* (p = 0.01), CD95°CD3* (p = 0.05),
CD40*CD19* (p = 0.000), CD5'CD19* (p = 0.003), and
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Table 3. HLA-DR expression on PB monocytes, Me [Q;; Q,]

buomapkepb! 3dEKTUBHOCTH Tepanii pacCcesHHOro CKneposa

Patients receiving

Healthy Treatment-naive Patients receiving Patients receiving  the initial course
volunteers patients with aggres-  interferon beta natalizumab of anti-CD20
Parameter (n=10) sive MS (1 = 2) (n=6) (n=19) therapy P
(n=29)
1 2 3 4 5

Monocytes p,,=0.152
CD14+ 95.4 96.1 94.8 92.4 91.0 p,,=0.101
HLA-DR, [93.1; 100.0] [89.7;97.1] [90.4; 96.7] [86.9; 96.0] [81.4; 94.6] p,,=0123
% of cells p,;=0.082
p,,=0.148

MEl HLA-DR 230.4 186.1 207.3 160.2 111.6 p,,=0.179
[198.0; 261.7] [115.0; 256.3] [83.8; 263.3] [126.1; 227.6] [100.4; 139.5] p,,=0137

p,s=0.008"

Note. *The difference is statistically significant after the Bonferroni correction.

CD38*CD19* (p = 0.001) cells. In addition, decreased levels of
CD95*CD19* cells (p = 0.001) were reported (see Figure). This
study did not identify any significant biomarkers of potential
exacerbation after 24 months.

Four patients (13.7%) demonstrated MS progression: three
(10.3%) during the first year of therapy and one (3.4%) during
the second year. No significant changes in immune status pa-
rameters were identified as factors for MS progression after
the first course of anti-CD20 therapy.

Discussion

Numerous experimental and clinical studies of cellular
immunity in patients with MS have shown high variability
in all study lymphocyte subpopulations, particularly during
DMT compared to untreated patients [14, 15, 18]. The
proinflammatory and encephalitogenic effects of CD8* T
cells increased upon contact with myelin basic protein
molecules [16]. In addition, the percentages of T cells
(CD3*) and T helper cells (CD4*), including activated ones
(CD4*HLA-DR*), decreased, while the percentage of NKT
cells (CD3*CD16*CD56%) increased. The increased count of
activated CD8* cytotoxic T cells suggests their crucial role in
MS progression.

Our study revealed significant changes in baseline cellular
immunity parameters in patients with MS compared to
healthy volunteers. These changes included the increased
percentage of T helper cells (with no change in the absolute
count), decreased percentage of cytotoxic T cells and
NKT cells, and decreased count of NK cells and activated
(CD3*HLA-DR*) T cells. These patients showed a significant
increase in the percentage of memory B cells (CD19*CD27*),
as well as B cells activated by CD38 and CD25 antigens. These
changes were correlated with the clinical presentation: at the
time of inclusion, 20 (71.3%) patients had experienced an MS
exacerbation within the previous 12 months. All examined
patients with MS required therapy adjustment.

Patients who received the first course of anti-CD20 therapy
showed extremely heterogeneous levels of recovery of
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quantitative B-cell parameters. By the time of the second
dose of anti-CD20 therapy at month 6, 85% of patients had
not normalized their B cell counts.

Six months after the first course of anti-B-cell therapy,
patients showed a more than tenfold decrease in absolute
and relative B-cell parameters, as well as a decrease in total
PB lymphocyte counts due to a decrease in the absolute T-cell
and T-helper counts, although their percentages increased.
In addition, the study reported a significant decrease in the
absolute count of NK cells and the percentage of NKT cells,
an even lower level of activated T cells (CD3*HLA-DR*), and a
significant decrease in memory B cells (CD27), including the
main pool of B cells expressing costimulatory and activation
molecules (CD40, CD38, CD25). Therefore, patients with
MS demonstrated a significant decrease in the absolute PB
counts of key immunocompetent cells, including T cells and
NK cells, even after the first course of anti-CD20 therapy.
There was also inhibition of the activation potential of T and
B cells, including their ability to present antigens.

The interaction between the costimulatory molecule
CD40 on B cells and its ligand, CD40L (CD154), on T cells
stimulates an immune response and activates B cells to
produce antibodies [18]. The presence of CD40 on B cells
within inflammatory lesions of the central nervous system in
deceased patients with MS suggests that antibody production
through interactions between T cells and B cells via CD40
may contribute to the development of the condition [19].
A decrease in CD40* B cells during anti-CD20 therapy may
indicate the reduced ability of these cells to trigger an
immune response. Therefore, it can be concluded that the
anti-CD20 therapy affects mature CD20* B cells directly and
indirectly by affecting the costimulatory molecule on these
cells and the T-cell component.

In addition, in this group of patients, the expression patterns
of HLA-DR on PB monocytes suggest a significant decrease in
the density of this molecule, as determined by MFL This may
indicate suppression of the antigen-presenting ability of the
monocyte/macrophage component of the immune system. In
neuroinflammation and central nervous system lesions in MS,
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the first dose of therapy.

macrophages and microglia can act as antigen-presenting
cells, promoting the activation of effector lymphocytes and
stimulating a specific immune response [20]. Macrophage
involvement in the pathogenesis of MS may also influence
disease progression. PB monocytes are innate immune
cells that differentiate into tissue macrophages when they
migrate into tissues and act as specialized antigen-presenting
cells because they express class I major histocompatibility
complex antigens, which increases when the cells are
activated. Antigen presentation is a critical component of
the immune response, that links the innate and adaptive
immune systems [21]. Therefore, research on the antigen-
presenting ability of monocytes can significantly improve our
understanding of the MS immunopathogenesis.

Clinical and experimental data suggest that monocytes with
low or absent HLA-DR expression cannot properly present
antigens and produce inflammatory mediators in response to
appropriate stimuli [23].

Some publications report that a decrease in HLA-DR
expression on monocytes is associated with a high risk of
infectious complications in patients with trauma, burns,
pancreatitis, or sepsis, as well as in patients undergoing
organ transplantation or heart and vascular surgery [24-28].

Statistical methods were established to determine the
association between changes in quantitative parameters
of T and B cell subpopulations and significant risk factors
for an unfavorable long-term MS prognosis. These
parameters included the increased percentage of CD3* cells,
subpopulations of CD3*HLA-DR*, CD25*CD3*, CD95*CD3*,
CD40*CD19*, CD5*CD19*, and CD38*CD19* cells, as well
decreased levels of CD95*CD19* cells. Therefore, increased
activation of T cells and B cells, as well as decreased B cell

apoptosis, are significant risk factors for MS exacerbation
and MRI activity in the future.

Conclusion

At month 6, the initial course of anti-CD20 therapy resulted
in low recovery of the B cell sub-populations in 85% of pa-
tients. A relative increase in the percentage of total T cells
was revealed as a result of B cell depletion. In addition, sig-
nificant decreases were observed in the absolute values of
primary parameters of T cells and NK cells, as well as counts
of activated T cells and B cells. These results may indicate an
insufficient ability of recovering B cells to present antigens
and provide the complete immune response.

The ability of monocytes and macrophages to present an-
tigens was suppressed after the first dose of anti-CD20
therapy, but in our study, this effect was not observed in
treatment-naive patients with aggressive MS or during other
types of DMTs. These facts may indicate the high efficacy of
the first course of anti-CD20 therapy. Further analysis is re-
quired to correlate these facts with the clinical characteristics
of patients in this group.

Additional immunological criteria for predicting MS exac-
erbation and MRI activity in the first year of therapy may
include changes from baseline in the following immunologi-
cal parameters: increased percentages of CD3" cells and
subpopulations of CD3*HLA-DR*, CD25*CD3*, CD95*CD3,
CD40*CD19*, CD5*CD19*, and CD38*CD19* cells; decreased
levels of CD95"CD19* cells.

Further research on biomarkers allows for the early adjust-
ment of MS therapy, thereby stabilizing the patient’s condi-
tion.
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