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ABSTRACT

Introduction: Natalizumab (NTZ), a mono-
clonal antibody against the integrin a4b1 (VLA-
4) found on activated T cells and B cells, blocks
the interaction of this integrin with adhesion
molecules of central nervous system (CNS)
endothelial cells and lymphocyte migration
through the blood–brain barrier, effectively

preventing new lesion formation and relapses
in multiple sclerosis (MS). Whether NTZ treat-
ment has additional effects on the peripheral
immune system cells, and how its actions
compare with other MS disease-modifying
treatments, have not been extensively investi-
gated. In particular, its effect on the proportions
of circulating regulatory T cells (Treg) is unclear.
Methods: In this study, we investigated the
effect of NTZ treatment in 12 patients with
relapsing MS, at 6 and 12 months after the start
of treatment. We evaluated the proportions of
regulatory T cells (Treg), defined by flow
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cytometry as CD4? CD25?? FoxP3? cells and
CD4? CD25?? CD127– cells at these intervals.
As an exploratory study, we also investigated
the NTZ effects on the proportions of bulk T and
B lymphocyte populations, and of those
expressing novel the markers CD195 (CCR5),
CD196 (CCR6), or CD161 (KLRB1), which are
involved in MS pathogenesis but have been
studied less in the context of MS treatment. The
effects of NTZ were compared to those obtained
with 11 patients under interferon-beta-1a (IFN-
b1a) treatment, and against 9 healthy
volunteers.
Results: We observed a transient increment in
the proportion of Treg cells at 6 months, which
was not sustained at 12 months. We observed a
reduction in the proportion of T cells expressing
CD195 (CCR5) and CD161 (KLRB1) subsets of T
cells.
Conclusion: We conclude that NTZ does not
have an effect on the proportion of Treg cells
over 1 year, but it may affect the expression of
molecules important for some aspects MS
pathogenesis, in a manner that is not shared
with IFN-b1a.

Keywords: CCR5; Foxp3; Multiple sclerosis;
Natalizumab; Regulatory T cells

Key Summary Points

Why carry out this study?

Multiple sclerosis (MS) affects 1 million
people in the USA. Natalizumab (NTZ) is
among the most effective disease-
modifying treatments, acting by blocking
lymphocyte (e.g. T cell) migration to the
central nervous system (CNS).

It is not known whether NTZ affects the
long-term phenotype and function of T
cells, and in particular whether regulatory
T cells (Treg) are affected by long-term
NTZ treatment. This has implications for
situations whereby NTZ is stopped (e.g.
out of safety concerns)

What did the study ask?/What was the
hypothesis of the study?

Does NTZ alter the proportion of Treg
cells? The hypothesis is that long-term
sequestration may lead to changes in Treg
phenotypic markers.

What were the study outcomes/conclusions?

NTZ treatment for 1 year did not alter the
proportion of T cells bearing Treg
phenotypic markers. Some changes in
pro-inflammatory T cell markers were
noted, and need further confirmation.

What was learned from the study?

NTZ does not induce long-term Treg
cells. This indicates that discontinuation
of NTZ is not followed by long-term
immune regulation and may explain
rebounds of MS activity seen after NTZ
discontinuation.

Other effector T cell surface markers are
regulated by NTZ. These may represent
markers of NTZ response, but need further
confirmation, as these phenotypic
markers were not the primary outcome of
this study.

INTRODUCTION

Migration of lymphocytes into the central ner-
vous system (CNS) is an essential process in the
pathogenesis of the inflammatory demyelinat-
ing disease, multiple sclerosis (MS) [1].

Trans-endothelial migration of lymphocytes
in inflammatory conditions involves a complex
series of event whereby inflamed endothelium
interacts with activated lymphocytes. A crucial
such interaction occurs between the a4b1 inte-
grin (VLA-4) on lymphocytes and VCAM-1 on
endothelial cells [1]. Natalizumab (NTZ) is a
humanised monoclonal antibody that binds to
and blocks the a4 component on the VLA-4
integrin and thus effectively suppresses

2042 Neurol Ther (2023) 12:2041–2052



transmigration of inflammatory cells into the
CNS of people with MS. NTZ is among the most
effective disease-modifying treatments for
relapsing MS. It leads to a reduction of[90% in
the number of new inflammatory lesions on
magnetic resonance imaging (MRI) [2, 3]. The
ability of natalizumab to reduce immune cell
entry into the CNS is also reflected in a reduc-
tion in immune surveillance within the CNS,
and in the development of progressive multi-
focal leukoencephalopathy (PML), a rare, severe
opportunistic infection caused by the JC poly-
omavirus, the reactivation of which occurs in
immunosuppressed states [4].

Whether, in addition to its effects on
immune cell migration, natalizumab exerts
other long-term effects on immune cell func-
tion is not entirely clear. The fact that a
rebound of MS disease activity and concomitant
CNS inflammation can occur after discontinu-
ation of natalizumab argues against long-term
immunomodulatory effects of natalizumab on
the effector T cells and possibly B cells in MS in
the periphery [5]. This phenomenon also sug-
gests that the proportion of circulating effector
to regulatory T cells remains in favour of the
former, and thus that NTZ does not enhance T
reg cells. Indeed, Kimura and colleagues [6]
have shown that NTZ down-regulates CD49 on
Treg cells more than on effector cells; thus, the
ability of Treg cells to migrate to the CNS during
rebound is lower than that of effector cells.

Whether NTZ changes the proportion of Treg
cells has been investigated in only a few studies.
Kivisakk and colleagues [7] and Stenner and
colleagues [29] found no change in the pro-
portion of circulating Treg cells under short-
term (3–6-months) NTZ treatment. It is
unknown whether regulation occurs over
longer periods.

There are few detailed longitudinal investi-
gations of T and B cells phenotype changes over
the course of natalizumab treatment, and few
direct comparisons with other disease-modify-
ing treatments in MS [6–12]. Relevant to the risk
of rebound of disease activity, and of immune
reconstitution syndrome (IRIS) after treatment
cessation, natalizumab has direct, albeit mild,
signalling effects with induction of a pro-in-
flammatory phenotype of T cells [13]. In

particular, the effects of natalizumab on
immune cell expression of the surface markers
CD195 (CCR5) [14], CD196 (CCR6) and CD161
(KLRB1) are of great interest, as subsets of cells
expressing these molecules have been associ-
ated with inflammatory activity in childhood-
onset MS, and may provide clues to the first
echelon of pathogenic immune cells in MS [15].

CCR5 is expressed on various cell types and
has a role in directing cells to sites of inflam-
mation [16], and it may contribute to the acti-
vation and recruitment of the immune cells in
MS. CCR5 is expressed by the immune cells in
the MS inflammatory lesions, or present in the
cerebrospinal fluid (CSF) during a MS relapse
[17], The proportion of CCR5? CD19? B cells
in the blood is not altered during natalizumab
treatment [11], but the effect of natalizumab on
CCR5 expressed by T cells in MS has not been
extensively explored.

Genetic variations of KLRB1 are associated
with susceptibility to MS [18]. CD161 is a mar-
ker of interleukin 17 (IL-17) producing immune
cells, and in MS its surface expression is
increased on circulating CD8? T cells [19] and
CD8? T cell subtypes that are recruited to MS
lesions [20]. Recently, a specific pathogenic T
cell population expressing CD161 and lym-
photoxin beta was described in the brain tissue
of progressive MS patients; its passage into the
brain is blocked by natalizumab [21].

CCR6 is highly expressed on pro-inflamma-
tory T cells (Th17, Thelper-1-like-Th17 cells,
and cytotoxic T-cells), and also on myelin-re-
active T cells in the blood and CSF from people
with MS [22]. In the animal model of MS, CCR6
acts as a homing receptor, allowing inflamma-
tory cells to access the uninflamed CNS [23, 24].

The primary aim of this study was to assess
the effect of NTZ treatment on the proportion
of circulating Treg over a 12-month period. As
an exploratory study, we also examined T and B
cell expression of CD161, CD195, and CD196
under treatment with natalizumab, at the start
of treatment and 6 and 12 months after the start
of treatment. We also compared the effects of
NTZ to those of interferon-beta-1a (IFN-b-1a) at
the same time points after the initiation of
treatment, and volunteer controls with no MS
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or other neurological or inflammatory disease at
one time point.

METHODS

Patients

Patients with the diagnosis of MS according to
the McDonald criteria [25], with a relapsing
clinical course [26], were recruited between
2012 and 2015 from the MS Clinic at the
University Hospitals Nottingham, UK. Patients
were deemed on clinical grounds to qualify for
disease-modifying treatment with either NTZ
(Tysabri�) intravenously monthly or IFN-b-1a
(Rebif� 44 lg subcutaneously 3 times weekly or
Avonex� 30 mg intramuscularly once weekly).
Patients had not received systemic glucocorti-
coid or other disease-modifying treatment and
had not had clinical relapses in the 3 months
preceding the initiation of the treatment.

The study was approved by the East Mid-
lands Research Committee, UK (11/EM/0341).
All patients gave written informed consent. The
study was conducted in accordance with the
Declaration of Helsinki.

At each visit, interval history was obtained,
with particular attention to side effects, missed
treatments, and relapses. The patients under-
went a neurological examination with estima-
tion of their expanded disability status scale
(EDSS) scores [27].

Sample Collection

Blood samples were taken at baseline (visit 1,
V1), month 6 (V2) and month 12 (V3) from
patients with relapsing–remitting MS treated
with NTZ (n = 12) or IFN-b (n = 11) and from
controls with no MS �) (n = 9). Samples from C
were obtained at a single time point.

Peripheral blood mononuclear cells (PBMC)
from patients and C were isolated by a density
gradient centrifugation according to a standard
protocol using Histopaque� 1077 (Sigma-
Aldrich, St Louis, MO, USA). PBMC were frozen
at a density of 5–10 9 106 cell/mL, using cry-
oprotective freezing medium [90% foetal calf

serum (FCS) ? 10% dimethyl sulfoxide] and
storage in liquid nitrogen until completion of
sample collection.

Flow Cytometry Staining

For cell identification and flow cytometry
analysis, PBMCs were thawed, washed, and
cultured overnight in RPMI 1640 with 10% FCS,
100 units/mL of penicillin, 0.1 mg/mL of
streptomycin, and 2 mM of glutamine (all from
Sigma-Aldrich). The following day, the cells
were washed twice with phosphate buffered
saline (PBS), counted, and resuspended at
1 9 106 cells/100 lL. Cells were incubated with
LIVE/DEAD near-IR (Invitrogen) 1:100 cell stain
and kept in darkness for 30 min. Then, they
were washed once in fluorescence-activated cell
sorting buffer (PBS ? 2% FCS) and stained for
extracellular markers CD3, CD4, CD8, CD25,
CD127, CD161, CD195, CD196, and CD20 by
standard procedures. For the FoxP3 marker,
intracellular staining was performed using the
Human FoxP3 buffer set (BD Biosciences)
according to the manufacturer’s instructions.

FITC Mouse Anti-Human CD4, PE Mouse
Anti-Human CD25, PE-Cy

TM

7 Mouse Anti-
Human CD127 and Alexa Fluor 647 Mouse anti-
Human FoxP3 were from BD Biosciences.

Brilliant Violet 421TM anti-human CD195
(CCR5), Brilliant Violet 510TM anti-human
CD3, Brilliant Violet 605TM anti-human CD161,
Brilliant Violet 711TM anti-human CD196
(CCR6), Brilliant Violet 785TM anti-human CD8
and PerCPCy5.5 anti-human CD20 were from
BioLegend.

Isotype controls for each antibody were
included and ‘fluorescence minus one’ samples
were used to set gating parameters.

For gating strategy, please see supplementary
Fig. 1.

Flow Cytometry Analysis

The cells were analysed on a Beckman Coulter
MoFlo Astrios Cell Sorter and using Kaluza 2.1
software (Beckman Coulter).

The following cell populations were analysed
in the MS and C samples: T Reg (defined as
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CD4? CD25?? CD127- and CD4? CD25??

FoxP3?); CD3? CD161?, CD3? CD195?,
CD3? CD196?, B cells (defined as CD20?),
CD20? CD196?, and CD20? CD195?, CD20?
CD3?, CD4?, CD8? and CD8? CD161?. The
respective percentage of these cells were deter-
mined at V1, V2 and V3, in both NTZ and IFN-b
groups.

Statistical Analysis

Statistical analysis was performed using Graph-
Pad Prism 7.04 (GraphPad Software, La Jolla,
CA, USA). The Mann–Whitney test was applied
for comparisons (nonparametric test). Signifi-
cance was set as p B 0.05 without correction for
multiple measurements, due to the exploratory
nature of the study and potential collinearity of
the novel markers.

RESULTS

Participants

A total of 32 participants were recruited in the
study. Of these, 12 patients with MS had been
assigned on clinical grounds to NTZ, and 11 to
IFN-b-1a. The patients receiving NTZ or IFN-b-
1a had a second blood sample collected at
month 6 after initiation of treatment (V2), and
a third at month 12 (V3). A group of 9 healthy
volunteers matched for age and sex (C) served as
controls and provided blood samples at one
time point (V1). In the NTZ group, there were 7
females and 5 males (Table 1).

Mean age was 34.2 years [range 21–45 years,
standard deviation (SD) 7.25]. The mean EDSS
in this group at V1 was 3.5 (range 1–7, SD 1.8).
The mean disease duration was 3.4 years, range
1–7, SD 4.6, median 3). In the IFN-b group,
there were 9 females and 2 males. Mean age was
42 years (range 25–59 years, SD 11.6). The mean
EDSS in this group at V1 was 2.4 (range 0–6, SD
1.9). The mean disease duration was 3.5 years,
range 2–7, SD 1.8, median 3). The C group
comprised 7 females and 2 males. Mean age was
41.8 (range 31–58, SD 10.4). There were no

significant differences in terms of sex distribu-
tion and age between the groups.

Clinical Course of MS During
the Observation Period

Over the course of the 1 year of observation,
none of the patients assigned to natalizumab
experienced a clinical relapse. The EDSS score
improved in three patients between V1 and V3
(3 to 1.5; 5 to 4; and 7 to 2). In the IFN-b group,
one patient had a relapse with an increase in the
EDSS score from 2.5 to 4 from V1 to V3. while
another patient had a clinical relapse with EDSS
remaining at 6 between V1 and V3.

There was no sustained meaningful change
in bulk lymphocyte population throughout the
study (supplementary Fig. 2).

Natalizumab treatment was associated with
an increase in the proportion of
CD4? CD25?? Foxp3? cells at 6 months (V2)
compared to C, which was paralleled by a non-
significant increase in the CD4? CD25? CD127–
cells. Otherwise, the proportion of regulatory T
cells, defined as CD4? CD25?? CD127– or
CD4? CD25?? Foxp3? cells, did not differ at
baseline between the MS patients and the C, or
between visits during the course of the study, in
either the NTZ or the IFN-b group (Fig. 1).

We investigated the effect of NTZ, in com-
parison with IFN-b-1a, on a small set of lym-
phocytes that are of increasingly recognised
importance in MS pathogenesis: those bearing
the surface markers CD195 (CCR5), CD196
(CCR6), and CD161 (KLRB1).

Table 1 Demographics of the participants

NTZ IFN C p

N (F) 12 (7) 11 (9) 9 (7) ns

Age in years (SD) 34 (7) 42 (11) 42 (10) ns

EDSS 3.5 (1.8) 2.4 (1.9) n/a ns

MS duration 3.4 (4.6) 3.5 (1.8) n/a ns

N number, F number of females, p significance (B 0.05 is
significant), ns not significant, SD standard deviation, n/
a = not applicable
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We found that NTZ treatment significantly
reduces the percentage of CD3? cells expressing
CD195 (CCR5). While this proportion was not
different at baseline between patients and C,
the reduction was significant already at
6 months between V1 and V2, and was more
pronounced at V3, where it was significantly
lower than in C. IFN-b-1a did not modulate
CD195 (CCR5) expression. The CD20? cell
expression of CD195 was not affected by either
treatment.

We found no effect of either NTZ or IFN-b-1a
on the CD196 (CCR6) expression by CD3? T
cells. However, we did find an increased pro-
portion of CD20? cells expressing this chemo-
kine receptor at month 6 (V2) which was
significant compared to baseline and 12 months

of NTZ treatment, as well as to C (not shown).
Of note, this corresponded to the overall
increase in B cells at 6 months. As in the T cell
population, IFN-b-1a had no significant effect
on this marker in the B cell population either.

The proportion of CD3? CD161? cells was
significantly reduced by NTZ treatment,
whereas IFN-b-1a did not modify it signifi-
cantly. Within the T cell subsets, the percentage
of CD8? CD161? T cells, which are thought to
be particularly pathogenic [28], was signifi-
cantly increased at baseline compared with C,
and was significantly reduced after 1 year of
NTZ treatment. IFN-b-1a had no significant
effect on this subpopulation.

For results of the above and additional cell
markers, please see supplementary Fig. 2.

Fig. 1 Effect of NTZ and IFNb1a on T reg cell
populations from MS patients. Evaluation of
CD4? CD25?? FoxP3? (A and B) and
CD4? CD25?? CD127– (C and D) cell percentages
in PBMCs from MS patients treated either with NTZ or

IFNb1a. C controls (non-MS), V1 baseline, V2 visit at
6 months, V3 visit at 12 months. Boxes represent
interquartile range, median value is indicated as the central
box line, and whiskers represent min to max range
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As expected for the NTZ mechanism of
action, there was an increase in the total num-
ber circulating lymphocytes (absolute lympho-
cyte count), and in the T cell (CD3?), CD4? cell
count and CD20? cell count (B cells) under
treatment with NTZ, whereas no significant,
sustained, or relevant change in these popula-
tions was observed under treatment with IFN-b-
1a (slight reduction in absolute CD20? and
CD8? cells at V2 and increased absolute
CD4? count at V3). These absolute changes
were not accompanied by changes in the rela-
tive proportions of Treg in either group (see
supplementary Fig. 3).

DISCUSSION

In this study, we have shown that NTZ does not
have long-term effect on the proportion of Treg
cells. However, it may affect the expression of
molecules relevant to MS pathogenesis, in a way
that is not shared with IFN-b1a.

The primary mechanism of action of NTZ in
MS is interference with leukocyte trafficking
into the CNS. The extent of this inhibition
makes NTZ a highly effective disease-modifying
therapeutic for MS. The binding and blockade
of the VLA-4 integrin on immune cells prevents
the interaction of this molecule with adhesion
molecules on the vascular endothelium of the
blood–brain barrier [2]. However, this interac-
tion of the monoclonal antibody or cognate
endogenous ligands such as VCAM-1 with the
target integrin has other effects on immune
cells. It can induce signalling pathways in the T
cells and thus potentially modulates them [7].
Moreover, the ligation leads to the down-regu-
lation of VLA-4 expression, which may differ-
entially affect different T and B cell populations
[6, 29]. It is therefore important to investigate
the effects of NTZ on circulating immune cell
subsets, and to compare them to those of other
disease-modifying treatments, including those
that do not primarily or specifically target
leukocyte migration. In addition, it is now clear
that discontinuation of NTZ can be followed by
a return, and even a rebound, of inflammatory
activity in MS [5], suggesting that the inflam-
matory potential of immune cells is preserved

during NTZ treatment, and can become mani-
fest once migration is unblocked. Studies have
shown peripheral sequestration of inflamma-
tory cells in the circulating compartments and
increases in inflammatory cytokines [7].

In addition to integrins like a4b1 and their
interaction with binding partners, the complex
process of migration and crossing of the
blood–brain barrier involves other molecular
interactions, for example those between
chemokines and their receptors [30]. The effect
of NTZ treatment on chemokine receptors that
are markers of pathogenic lymphocyte popula-
tions has been studied [7, 11], although not
extensively, and it was worth revisiting in this
small pilot study, in particular in comparison
with IFN-b1a.

With regard to Treg cells, defined by two sets
of markers, we have not found significant
effects of NTZ treatment. While the proportion
of Treg cells increased at V2 to levels that were
significantly higher than those in C, the pro-
portion was not significantly different from the
baseline at V1. This indicates that blockade of
lymphocyte migration into the CNS over 1 year
does not affect the proportion of Treg cells, as
defined by robust phenotypic markers that have
been shown to correlate with Treg suppressive
activity, and to respond to other MS treatments
[31]. It is possible that the effect of NTZ on Treg
was at the level of other cell surface molecules,
including CD49/VLA-4, as has been shown
previously, and, thus, despite no sustained
changes in Treg functional markers, NTZ may
affect the transmigration properties of these
cells [6, 7]. Of note, in our study, the effect of
NTZ on Treg was investigated over a longer
period of time (12 months) than in previous
studies (3–6 months). In this study, the lack of
effect of NTZ on Treg cell phenotypic markers
was shared with IFN-b1a.

In this exploratory study, the proportion of T
cells expressing CCR5 (CD195) was reduced
from baseline to visit 2, and further significantly
decreased to visit 3, at which point it was lower
than that seen in healthy volunteers. This
indicates that NTZ had additional effects of
relevance to the trans-endothelial migration of
T cells by suppressing CCR5 expression. Tradi-
tionally, CCR5 was thought to be expressed
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preferentially on Th1 cells [32], but it is also
known to be expressed on other cell types,
including a recently identified subgroup of T
cells that shares transcriptomics profiling with
the Th17.1 cells [14]. These are cells that express
both IFN-c and IL-17 and are pathogenic in MS
[33] through enhanced ability to cross the
blood–brain barrier [34] and up-regulation in
relapses [35]. CCR5 is relevant for MS, as mar-
aviroc, a CCR5 antagonist, suppresses the mur-
ine model of MS, experimental autoimmune
encephalomyelitis (EAE) [36]. It is reassuring,
from the MS therapeutics point of view, that,
alongside the blockade of VLA-4, NTZ treatment
appears to reduce CCR5, thus preventing a
potential compensatory increase in a molecule
that could allow alternative lymphocyte
migration pathways. On the other hand, this
finding sheds light on the phenomenon of
rebound MS activity and immune reconstitu-
tion inflammatory syndrome (IRIS) described
after discontinuation of NTZ, in particular in
the setting of positivity for JCV or development
of PML [5]. Our findings support a role of CCR5
in the pathogenesis of these conditions,
whereby discontinuation of NTZ releases not
only a4b1 integrin (VLA-4) but also CCR5
(CD195) from blockade. CCR5, a receptor for
the human immunodeficiency virus (HIV), has
been implicated in HIV-associated PML and IRIS
resulting from antiretroviral therapy, and mar-
aviroc has been advocated, and used in this
setting, as well as in NTZ-associated PML
[37–39].

Another interesting effect of NTZ seen in this
preliminary study was a reduction in the pro-
portion of T cells expressing CD161, or KLRB1, a
C-type lectin expressed specifically on memory
T cells, particularly on those with a Th17 phe-
notype. These cells have pro-inflammatory
activity and pathogenic potential in MS and are
stimulated by the pro-inflammatory cytokine
interleukin (IL)-12 [28]. These cells also express
EOMES [28], a molecule implicated in the
genetic susceptibility and pathogenesis of MS
and EAE and a potential determinant of MS
progression [40, 41]. Moreover, we show that
the CD8? T cell population expressing the
CD161 marker is also reduced by NTZ treat-
ment. A subgroup of these CD8? cells has been

implicated in paediatric-onset MS and represent
one of the earliest cell types mediating MS,
theoretically the nearest to the putative MS-
inciting event and thus a possible therapeutic
target [15]. Interestingly, CCR5 on a subgroup
of CD4? T cells is also an effector T cell popu-
lation in paediatric-onset MS, and also, as dis-
cussed above, down-regulated by NTZ [15]. The
fact that NTZ treatment for MS led to a reduc-
tion in these pathogenic cells underscores an
immunoregulatory role for NTZ, not shared by
IFN-b1a, that is not confined to its migration
inhibition properties. Further studies, powered
specifically to look at these molecules, are nee-
ded to elucidate the role of these cells and their
regulation by NTZ.

We also investigated the effect of NTZ treat-
ment on the proportion of lymphocytes
expressing CCR6 (CD196), a molecule associ-
ated with proinflammatory, predominantly
Th17, responses, and with CNS migration. We
did not observe an overall effect, confirming
previous studies that did not find an overall
effect of NTZ treatment on CCR6? B cells [42].

In conclusion, neither NTZ nor IFN- b1a
altered the proportion of Treg over 12 months
of treatment. This finding, together with the
previous suggestion [7] and the recent demon-
stration [43] of enhanced pathogenicity of
peripheral Th17 cells via co-expression of CCR6
and MCAM, may explain the MS rebound after
NTZ discontinuation.

We found that the above-described changes
in the exploratory study of newer markers may
be specific to NTZ, as the IFN- b1a-treated
patients did not show any of these changes.

There are limitations to our study. Although
we followed the patients for a longer period of
time than in other studies, the number of
patients in both the NTZ and in the IFN- b1a
arm were relatively small. The main aim is to
determine changes in the proportion of Treg
cells, using markers that are responsive to
immunoregulation and correlate with suppres-
sive activity.

Although the proportion of Treg did not
change, the absolute number of Treg increased,
in parallel with the expected increase observed
in the absolute circulating lymphocyte count.
The proportion of CD20? cells also increased
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under NTZ treatment. However, the propor-
tions of CD3? cells and CD4? cells were not
altered (supplementary Fig. 2). As the propor-
tion of effector cells to Treg is likely to be more
relevant to Treg cell activity than the absolute
number [15], we do not think the increase in
Treg cell number and the slight reduction in the
proportion of cells with the above-discussed T
effector cell phenotype translates into an
enhanced Treg suppressor potential.

Although there were no statistically signifi-
cant differences in age, EDSS at baseline, and
disease duration between the two patient
groups, these were not perfectly matched. For
example, the baseline mean EDSS was numeri-
cally lower by almost 1 step in the IFN-b1a
group (though ranges were similar), perhaps
reflecting the clinical practice of selecting more
active patients for NTZ treatment. Similarly, the
disease duration was more variable in the NTZ
group. These differences may have reflected
different stages of MS, such as proximity to
secondary progressive disease. Some of these
baseline differences may have influenced the
immunological results.

CONCLUSION

As in previous, shorter studies, we found that,
over 1 year of treatment, NTZ does not alter the
proportion of Treg cells. In this small group of
patients we avoided analyzing a large number of
cell markers to avoid false positive findings.
However, we decided to explore more recently
implicated markers of early immunopathogen-
esis of MS, which had not previously been
thoroughly investigated with regard to NTZ or
in comparison to other disease-modifying
treatments. In these preliminary studies, we
detected changes that can provide hints to the
pathogenesis of MS and, if confirmed, to the
widening spectrum of action of NTZ.
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