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Abstract

Introduction. Natalizumab (NTZ) is a humanized monoclonal antibody (mAb) that selectively inhibits a4-integrin adhesion molecule located on the
surface of lymphocytes and prevents their trafficking into the central nervous system (CNS).

The aim of this study was to identify characteristics of lymphocyte population and subpopulation pattern in the peripheral blood (PB) of multiple
sclerosis (MS) patients who discontinued NTZ due to an increased risk of developing developing progressive multifocal leukoencephalopathy.
Materials and methods. We conducted an open-label prospective observational study in 26 MS patients. Of those, 6 patients had rapidly pro-
gressive MS, 10 patients discontinued NTZ and had confirmed relapses afterwards, and 10 patients received NTZ and had no relapses during the
washout period. Ten apparently healthy individuals were used as controls. Cell-mediated immunity parameters were evaluated by flow cytometry
using a panel of mAbs to differentiation antigens of PB lymphocytes.

Results. Patients who discontinued NTZ had significantly decreased absolute lymphocyte counts in PB, decreased T-cytotoxic, NKT and BI lym-
phocyte subpopulation levels, and decreased activated T-cell (CD3*HLA-DR?) levels, which may be related to their redistribution, passing through
the blood-brain barrier, and trafficking into the central nervous system. CD20* B-cell levels did not differ from normal. Additional immune predic-
tors of MS relapses after NTZ discontinuation can include decreased absolute count of PB lymphocytes and decreased percentage of CD3*CD8*
T-cell, NKT-cell, and Bl-cell (CD19*CD5*) subpopulations. Significantly increased levels of CD25*- and CD38"-activated B-cells compared with the
normal levels in naive patients and subjects without relapses after NTZ discontinuation may suggest a high activation potential of the circulating
B-cell pool and, therefore, a high risk of MS relapses.

Conclusions. The changes in the lymphocyte subpopulation pattern in the PB of MS patients after NTZ discontinuation may have a prognostic value
for assessing the risk of relapses; they justified switching patients to anti-B-cell therapy.
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Cell-mediated immunity in multiple sclerosis patients

Oco0eHHOCTH KJIeTOYHOTO0 UMMYHUTETA
y 0OJIbHBIX pacCcesiHHbIM CKJIEPO30M,

NpepBaBLINX TePanui0 MHI'MOMTOPOM HHTErprHa
10.A. benoga, [0.10. Yykcuna, C.B. Koros, U.A. Bacunenko

Mockosckuti obnacmHoti HayuHo-uccredosamensekuti kaunuueckuii unemumym umenu M.®. Bradumupckozo, Poccus, Mockea

AnHoTanug

Beedenue. Hamanusyma6 (HAT) — 2ymanusupoganHoe MoHoknoHansHoe anmumeno (MAT), cenexmusHbili uneubumop Monexynst adeesuu
a4-unmezpuna, pacnonazaroueiics Ha noéepxHocmu IUMPpoyumos, — npedomspawjaem NPOHUKHOBEHUE IUMPOYUMOB 6 YEHMPATILHYIO HEPBHYIO
cucmemy (LIHC).

Lenvto uccnedosanus Obisio GbiseneHuUe 0COOEHHOCMEL! NONYASYUOHHOZ0 U CYONONYNAUUOHHO20 COCMABA IUMPOUUMOB nepughepuyeckoii Kpogu
(TIK) y nayuenmos c paccesuim ckneposom (PC), npexkpamusuwiux mepanuto HAT 6 c643U ¢ noGbILUEHHBIM PUCKOM Da3sUmus npozpeccupyioueti
MynbMuUGoKanbHoll NelikoaHyeGanronamuu.

Mamepuanst u memodst. [Iposedero omkpsimoe npocnekmusHoe HabmodamensHoe uccnedosanue 26 nayuenmos ¢ PC, u3 Hux 6 — ¢ Gbicmpo
npoepeccupyiowum PC; 10 — npepeasuiux mepanuio HAT ¢ nodmeepxoénnbim 6 dansheiiuem obocmperuem 3abonesarus; 10 — nonyuasuiux me-
panuio HAT 6e3 obocmpenuti 3abonesanus 6 ommblouHblii nepuod. B kauecmee pehepeHcHbIX 3HAUeHUL UCNONb308aHb! GHAN02UYHbLE NOKA3ame.u
10 npaxmuuecku 30opoevix auy,. [lapamempsl KNemouHO20 UMMYHUMeMA OYeHUBAU MemodoM NPOMOYHOL YUmoMempuu ¢ UCnosb308aHUEM
naenu MAT k dugppeperyuposantbim awmuzenam aumgpoyumos I1K.

Pesynsmamot. ¥ nayuenmos, npekpamusuiux mepanuio HAT, o6HapysxeHo 3HauumenHoe cHuxerue abcomomHozo uucna aumgoyumos [1K, cHuxe-
Hue codepxanus T-yumomokcuueckotl, NKT- u Bl-cybnonynsyuii sumegoyumos, a maxsxe yposus akmusuposanHvix T-mumepoyumos (CD3*HLA-DRY),
umo moxem Gbimy C883aHO ¢ UX nepepacnpedesieHuem, npeodosieHuemM 2eMamoaryeanuyeckozo bapvepa u npoHukHoseHuem 6 LJHC. Yposens
CD20*-B-numcoyumos He omauuascs om HoOpMATbHbIX 3Haueutl. ImmyHonoeuseckumu dononHumensHyimu npedukmopamu obocmpenus PC
nocie ommenvl HAT mozym caiyxumy cHueHue abconomnozo kouuecmea aumpoyumos [1K; chuxenue codepxanus cyononynsyuii CD3:CD8*-
T-numdpoyumos, NKT-numepoyumos, Bl-numepoyumos (CD19°CD5*). Kpome mozo, obHapyserHbie OaHHble 0 8bipa)EHHOM y8eauteHuUlU co0epxa-
Hus akmuguposantbix no CD25*- u CD38*-B-numpoyumos no cpasHeHuio ¢ HOPMATbHbIMU BeNUYUHAMY Y <HAUBHbIX» NAyueHmos u auy, Ge3
obocmpenus 3abonesanus nocie ommerst HAT mozym ceudemenscmeosams o 8biCOKOM GKMUBALUOHHOM NOMEHYUATE YUPKYIUPYIOWe2o nyna
B-numcpoyumos, a cnedosamensHo, 0 gvicokom pucke obocmperus PC.

Buigodvt. BeisienenHle usmenenus cybnonynayuontoeo cocmasa numoyumos [1K y nayuenmos PC nocne ommenst HAT mozym umems npoeHo-
cmuueckoe 3Hauenue 07151 O4eHKU cmeneHu pucka paseumus 06ocmpenus 3a6osesaus u nodmeepxoaiom adexkeamHocmy nepegodd nayuenmos
Ha anmu-B-xnemouryio mepanuio.

Kntouesvie cnoea: Hamanuzymab; socnanumensHbili CUHOPOM 80CCMAHOBEHUS UMMYHUMema; pebayHo-henomer; T-numepoyume;
B-numepoyumet

druueckoe yreepxxnenue. Vccnenosanve 6biio on06peHo HesaBrcuMbIM 3THYeckuM KomurterToM mpr MOHUKY um. MD. Bra-
numupckoro (mpotokon N 8 ot 13.06.2019).
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Introduction

It is commonly accepted that multiple sclerosis (MS) is
a heterogeneous multifactorial immune-mediated dis-
ease with both T-cells and B-cells playing a key role in its
pathogenesis. The initiating stage of MS development is
thought to be due to the activation of peripheral autore-
active effector CD4* T-cells, which migrate to the central
nervous system (CNS) and initiate the disease process by
producing cytokines (interferon-y, tumor necrosis factor,
interleukins 17, 21, and 22), thus leading to activation of
resident immune cells (microglia, astrocytes, and macro-
phages), increased function of antigen-presenting cells,
and increased production of reactive oxygen and nitrogen
species [1-3].

Drug therapies for MS that are based on its pathogen-
esis include several approaches such as reducing levels
of Th1/Th17-cells that potentiate the disease, activating
regulatory T-cells, suppressing lymphocyte transport in
the nervous system, and targeting B-cells. Medications
with such different mechanisms of action are classified
as disease-modifying therapies (DMTs).

Natalizumab (NTZ) is a humanized monoclonal antibody
(mAb) that selectively inhibits ad-integrin adhesion mole-
cule, which is expressed on the surface of lymphocytes
and required for binding to brain capillary endothelium of
the blood-brain barrier; NTZ prevents lymphocytes from
adhering to the endothelium and penetration into the cen-
tral nervous system. NTZ significantly reduced clinical re-
lapse rate, occurrence rate of new T2 hyperintense lesions
and gadolinium enhancing lesions on MRI, and disability
progression in patients with remitting MS [4, 5].

As shown in pharmacokinetic studies, CD49d molecules
(ie. integrin a-subunits) were bound to NTZ molecules
on the surface of lymphocytes in 76-84% of patients. Ex-
tended dosing intervals were associated with an increased
CD49d expression [6]. A. Cobo-Calvo et al. showed that
2 months after NTZ discontinuation, the expression of
CD49d and other lymphocyte adhesion molecules (CD29
and CD11a) continuously increased, CD49d expression up
to Month 3 after NTZ discontinuation was related to MS
activity at the end of the study, and CD49d expression,
both in CD45*CD4* and CD45*CD8*, at Month 6 after NTZ
withdrawal correlated to NTZ treatment duration [7]. The
authors found that “molecular rebound” after NTZ dis-
continuation was more pronounced in patients on long-
term NTZ treatment and suggested that testing for CD49d
should be used to closely monitor MS activity in patients
after NTZ discontinuation.

Over the decade of its use in clinical practice in Russia,
the safety profile of NTZ has been well studied. Usually,
NTZ is well tolerated with rare adverse events. However,

NTZ increases the risk of progressive multifocal leukoen-
cephalopathy (PML), an opportunistic infection which is
characterized by the death of oligodendrocytes and some
astrocytes, and development of large secondary demye-
lination lesions. Considering initial seropositivity to John
Cunningham virus (JCV), prior history of immunosuppres-
sion, and duration of NTZ therapy, a PML risk manage-
ment plan has been developed' , according to which, if
the risk increases, patients should discontinue NTZ and
switch to another therapy. However, 38% of patients ex-
perienced relapses after NTZ discontinuation, which can
be explained by immune reconstitution inflammatory syn-
drome (IRIS) and, in some cases, by rebound phenomenon
(i.e. exacerbation of existing MS symptoms and onset of
new MS symptoms, often resembling acute disseminated
encephalomyelitis) [8-10]. A short washout period after
NTZ discontinuation reduced the risk of IRIS but increased
that of PML [11, 12].

R. Planas et al. [13] studied changes in peripheral blood
(PB) T-cell populations in patients receiving NTZ and
showed increases in the levels of T-cells, NK-cells, and
especially B-cells. While the percentage of naive, effector,
and memory T-cells that left lymphoid organs remained
unchanged during the treatment, the authors showed an
increase in activated (similar to memory or marginal zone
cells) but not naive B-cells. T. Plavina et al. [14] showed
that total lymphocyte counts in the PB of patients receiv-
ing NTZ increased more than 1.5-fold compared with the
levels before the initiation of the treatment, decreased
after the end of the treatment starting from Week 8, and
returned to normal levels (i.e. those before the treatment)
by Week 16. However, the authors did not evaluate lym-
phocyte subpopulations more thoroughly.

Treatment with NTZ was also associated with decreases
in the levels of CD4* and CD8* T-cells, B-cells (CD19*) and
plasma cells in the cerebrospinal fluid due to the inhibition
of their trafficking into the cerebrospinal fluid from the
PB, while high levels of CD4* and CD8* T-cells were seen
in patients with clinically manifested relapses after NTZ
discontinuation, which was considered as IRIS [15, 16].

Since the risk management strategy for treating MS patients
with NTZ involves its discontinuation if the chances of PML
increase, it is necessary to identify the signs that would al-
low evaluating the risk of exacerbations or the development
of IRIS in such patients.

The aim of our study was to identify characteristics of
PB lymphocyte population and subpopulation pattern in
MS patients who discontinued NTZ due to an increased
risk of PML.

" Clinical Guidelines for Multiple Sclerosis, 2022.
URL: https://cr.minzdrav.gov.ru/recomend/739
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Materials and methods

This was an open-label prospective observational study.
The conduct of the study was approved by the Local Ethics
Committee at M.F. Vladimirsky Moscow Region Research
Clinical Institute (Protocol 8, June 13, 2019).

Inclusion criteria:

» male or female patients aged 18 to 60 years who signed
informed consent;

¢ highly active MS or rapidly progressing remitting MS;

o patients with anti-JCV antibody index > 1.5 or inadequate
response to NTZ.

Exclusion criteria:

* contraindications for anti-B-cell therapy;

* pregnancy;

* lactation;

+ refusal to use contraception during the treatment.

Withdrawal criteria:
* patient’s refusal to continue to participate in the study;
¢ patient’s non-compliance to study procedures.

We examined 26 MS patients who were followed at Mos-
cow Region MS Center from 2019 to 2022. Group 1 includ-
ed patients with rapidly progressive MS (RPMS): 2 men
and 4 women with a mean age of 27.0 + 4.6 years and a
mean disease duration of 2.6 + 0.8 years, who had not
previously received DMTs. They had 2 or more clinical
relapses within a year, at least 1 gadolinium enhancing
lesion or new T2-weighed lesions and confirmed disabili-
ty progression, i.e. Expand Disability Status Scale (EDSS)
score increased by 1 or more within the last year.

Treatment adjustment was required in 20 MS patients
(8 men and 12 women aged 19-44 years; mean age
35.7 = 9.5 years) who received NTZ: in 17 patients, this
was due to high anti-JCV antibody titer indexes, treatment
duration of more than 24 months and a high risk of PML;
3 patients had relapses recorded in the second year of thera-
py with a confirmed increase in their EDSS scores in the next
24 weeks of follow-up, and their MS was classified as sec-
ondary progressive MS with relapses. Therefore, the patients
were candidates for being switched to ocrelizumab. Age of
disease onset was 22.3 + 4.6 years, and duration of the dis-
ease from the onset of first symptoms was 14.4 + 4.9 years.
Their mean baseline EDSS score was 3.2 £ (.7, which corre-
sponded to moderate disability. Group 2 included 10 patients
who received NTZ, discontinued it and then had a relapse
that was confirmed both by clinical evaluation and neuroim-
aging. Group 3 included 10 patients who discontinued NTZ
and had no signs of relapses afterwards.

A total of 10 apparently healthy individuals tested for the
same parameters were used as controls (group 4).

Cell-mediated immunity in multiple sclerosis patients

Cell-mediated immunity parameters in MS patients were
evaluated by flow cytometry using a mAb panel to differen-
tiation antigens of PB lymphocytes (Becton Dickinson). We
studied lymphocyte population and subpopulation pattern
within the lymphocyte gate (CD45%): CD3*, CD19*, CD20,
CD3-CD16*CD56*, CD3*CD4*, CD3*CD8*, CD3*HLADR".
B-cell subpopulation pattern (Bl-cells, memory B- cells),
expression of co-stimulatory and activation antigens
(CD40, CD25, CD38, CD95) were determined within the
CD19* vs SSC gate.

Statistical analysis was carried out using StatPlus Pro
7.6.5.0 software package. Quantitative data were present-
ed as mean values with standard deviation (M + SD).
Given small sample sizes, distribution was tested for
normality using Shapiro-Wilk test [17]. For quantita-
tive data with non-normal distribution, we compared
three independent samples with the group of apparent-
ly healthy individuals using Mann-Whitney test with
Bonferroni correction (p < 0.017) and performed mul-
tiple comparison of independent samples using Krus-
kal-Wallis test [18]. Statistical tests were conducted for
a two-sided hypothesis with the level of statistical sig-
nificance set at 0.05.

Results

We examined 26 MS patients (10 men and 16 women aged
21 to 52 years), who underwent an assessment of cell-me-
diated immunity parameters by flow cytometry before
starting ocrelizumab therapy. When being switched from
NTZ to another DMT, patients should have a safety wash-
out period of 12 weeks to 6 months depending on the
treatment option that has been chosen for further treat-
ment. The mean duration of the treatment-free period in
the examined group was 7.9 = 1.9 months. Its duration
was related to availability of the medications and timelines
for further examinations to minimize risks due to the ad-
justed therapy. However, as the washout period duration
increased, the risk of relapses also increased; clinically
manifested relapses with neuroimaging confirmation were
recorded in 10 (50%) patients.

Cell-mediated immunity parameters in our patients are
presented in Table 1.

In all patients, total leukocyte count and percentage of lym-
phocytes were within normal limits: 7290 + 1.277 x 10%/liter
and 26.3 £ 2.3% (group 1), 7.229 + 1.256 and 26.1 * 6.6
(group 2), 6431 = 2.328 and 30.8 + 10.3 (group 3), 6.500 *
1.859 and 33.3 £ 5.6 (group 4), respectively.

In group 1, levels of T-cells, B NK-cells, T-helpers, cyto-
toxic T-cells and NKT-cells (CD3*CD16*CD56%) did not
differ from the control values. Patients in group 2 had
their absolute lymphocyte counts significantly decreased
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Table 1. Cell-mediated immunity parameters in MS patients (percentage of cells within CD45*-cell gate)

Parameter Group
1(n=6) 2 (1=10) 3 (n=10) 4(n=10) P
Total lymphocyte count. x 10%/liter 193342160 1774+0432 16520613  2.070+1.013 pp :—060835
b4 = U.
Cell percentage. %
cD3* 7690+606  719+168  69.86+1229  74.33+7.83 p=0117
CD3:CD4* A047+564  480:121  4279+1122  41.0+501 p=0525
CD3:CD8" 3426+7.01  2087+667  2541:824  33.00+42 p<0.001
D, < 0.001
CD3-CD16CD56+ 1133236 166+185  13.01:597 12474299 p=0831
p < 0.001
CD3*CD16CD56* 6.13+1.98 4.93+3.23 2524218 1050451 p,.. = 0.003
P, =0.002
p <0.001
CD3'HLA-DR* 11.8+047 6.6 +3.21 8264275  13.30+535 Doy = 0.002
Py =0.012
CD19* 1116+2.83  120+557  1416+7.33  11.79+2.31 p=0417
CD20* 1024+217 1066 6.1 1281653 1119141 p=0219
CD19*HLA DR 980+134  1175+557 13004680 1032141 p=0348

Note. Here and in Table 2 p indicates significance of differences between the groups (Kruskal-Wallis test); p,_, between groups 1 and 4; p,_, between groups 2 and 4; p,_, between groups 3 and 4.

Table 2. Parameters of B-cell immunity in MS patients (percentage of cells within CD19*-B-lymphocyte gate, %)

Cells

1(n=06) 2(n=10)
CD40* 51.13 £8.26 39.68 £ 27.13
CD95* 19.27 +1.67 18.9+10.84
CD5* 19.30 + 6.36 9.63 £3.3
cD27+ 25.97 £5.22 32.08 +18.31
CD38* 29.43 £ 6.96 20.8 £ 9.56
CD25* 21.93 +5.51 16.37 £ 7.45

compared with healthy subjects. This parameter was not
decreased in patients of group 3, who discontinued NTZ
and did not have any relapses.

Although absolute PB lymphocyte counts in patients who
discontinued NTZ was lower than in the control group and
in patients with RPMS, the percentage of B-cells for both
pan-B cell markers (CD19* and CD20%) in these patients
did not differ significantly from naive patients and appar-
ently healthy individuals.

3 (n=10) 4(n=10) s
55.76 + 28.59 49.20 + 3.69 p=0.168
3329+ 22,07 19.89 + 1.41 p=0.094

p<0.001
19.08 + 15.99 17.00 + 447 iy
3053+ 14.18 28.30 + 2.28 p=0.441
p<0.001
4413 +18.18 16.10 £ 4.47 P14 < 0.001
P34 < 0.001
p=0.003
2758+ 8.05 13.79 + 3.69 p,y=0.004
p,.=0016

A similar pattern was seen with B-cells expressing class
2 histocompatibility antigens (CD19*HLA-DR*), which re-
flect their antigen-presenting ability. In contrast, activated
T-cell (CD3*HLA-DR*) counts in groups 2 and 3 were sig-
nificantly decreased compared with the control group.
The percentage of cytotoxic T-cells (CD3*CD8*) was sig-
nificantly reduced (1.5-fold) in patients of group 2, who
had MS relapses, while the percentage of the NKT-cell
subpopulation was significantly reduced in groups 2 and
3 compared with healthy subjects.
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The group of naive patients with RPMS had a significant
increase in the levels of B-cells expressing activation
markers CD38 and CD25 compared with the control group
(Table 2). For other parameters (expression of co-stimula-
tory molecule CD40, memory B-cell (CD27") levels, expres-
sion of CD5 and CD95 antigens), no significant differences
were found with the control group.

Patients who discontinued NTZ and did not have MS re-
lapses had a significant increase in activated B-cell levels
(as measured by the expression of CD25 and CD38 mark-
ers) compared with the control group. Patients with MS
relapses after NTZ discontinuation had a significant de-
crease in Bl-cell (CD19*CD5*) subpopulation compared
with the treatment-free patients and control group.

No significant differences were found in other parameters
(expression of co-stimulatory molecule CD40, memory
B-cell (CD27*) count, CD95 expression) in patients who dis-
continued NTZ vs. naive patients and the control group.

Discussion

Literature data on cell-mediated immunity in MS patients
are inconsistent because there is a wide variety of disease
types, clinical manifestations, changes in neurological defi-
cit progression over time, as well as treatment options for
MS patients.

B. Arneth showed a high degree of inter-individual variabil-
ity in the levels of all lymphocyte subpopulations in 290 MS
patients, especially those on DMTs [19]. The author showed
increased counts of PB T-cells (CD3*) and T-helpers (CD4*),
including activated ones (CD4*HLA-DR"), and an increased
percentage of NKT-cells (CD3*CD16"CD56). An increased
count of activated cytotoxic CD8* T-cells suggests an im-
portant role of this subpopulation in MS.

Multiple experimental and clinical studies showed a pro-in-
flammatory encephalithogenic effect of CD8* T-cells, which
was enhanced after contacting with myelin basic protein
molecules [20]. Myelin-specific CD8* T-cells may exacerbate
brain inflammation in MS. CD8* T-cells were found in brain
lesions in mice with experimental encephalomyelitis and in
the brain matter in patients with MS.

In our study, we did not find any significant disturbances of
NKT-cell immunity parameters in naive patients with RPMS
compared with control values. In naive patients, T-cell im-
munity parameters paradoxically seemed to be within nor-
mal limits. This fact might be explained by an insufficient
number of observations.

As for B-cell subpopulation pattern of naive patients, they
had a significant increase in activated B-cell percentage
(both for CD25 and CD38 expression).

Cell-mediated immunity in multiple sclerosis patients

In contrast, patients who discontinued NTZ had higher
changes in T-cell and B-cell immunity parameters such
as decreased total lymphocyte count, significantly re-
duced percentage of cytotoxic T-cell (CD3*CD8*) and NKT-
cell subpopulations with specific killer effector activity,
significantly decreased percentage of activated T-cells
(CD3*HLA-DR"):

We cannot exclude that decreased counts of cytotoxic
T-cells (CD3*CD8"), activated T-cells (CD3*HLA-DR*), and
NKT-cells circulating in the PB in patients who discon-
tinued NTZ in our study could be related to their redistri-
bution, passing through the blood-brain barrier, and pen-
etration into the central nervous system. This hypothesis
can be indirectly confirmed by the high levels of such cells
in the PB of patients without relapses.

On the other hand, C.A. Wagner et al. showed a significant
increase in the counts of circulating memory CD8* T-cells
specific to myelin antigens vs. control [21].

An initial view of MS as a T-cell-mediated disease is cur-
rently being reconsidered as there is increasing evidence
of B-cell involvement in the pathogenesis of the disease.
The mechanism underlying CNS damage in MS is thought
to be related to aberrant stimulation of plasma cells and
B-cells, which leads to the development of autoantibodies
to specific myelin antigens. B-cells were shown to inter-
act with CD4* T-cells and initiate an adaptive immune
response to myelin antigens; reduced inflammation and
alleviated clinical signs were shown after inhibiting B-cell
immunity [22, 23].

Ya.A. Lomakin et al. evaluated the repertoire of B-cell re-
ceptors in regulatory B-cells in PB of MS patients and
showed that the incidence rate of several regulatory B-cell
genes was different from immunoglobulin gene distribu-
tion in healthy individuals, and this shift was more pro-
nounced in patients with highly active MS [24]. These
data allowed the authors suggesting that the repertoire of
regulatory B-cells in MS changes at early stages of B-cell
maturation.

An assessment of B-cell population in the PB of MS pa-
tients who discontinued NTZ therapy in our study demon-
strated that levels of B-cells with linear antigens (CD19",
CD20%) persisted together with maintaining their function-
al activity (antigen-presenting ability).

Having evaluated B-cell subpopulation pattern in patients
who discontinued NTZ, we found some differences between
the patients with or without relapses. In patients with re-
lapses after NTZ discontinuation, we found a significant
decrease in Bl-cell subpopulation (CD19*CD5"), i.e. cells
that are associated with autoantibody development in au-
toimmune disorders.
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In contrast, patients without MS relapses after NTZ dis-
continuation had a significant increase in subpopula-
tions of interleukin-2 receptor (CD25) and CD38 activated
B-cells compared with control values. The data indicate a
significant increase in the activation potential of B-cells,
which may be expressed as their increased proliferation
and differentiation into plasma cells that secrete autoanti-
bodies against specific myelin antigens.

Conclusion

Our study showed that MS patients who were candidates
for switching to ocrelizumab, a therapeutic mAb (anti-
CD20), did not have any decreases in CD20* B-cell count
after long-term therapy with NTZ; in contrast, they main-
tained their levels.
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