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Summary

Natalizumab, an anti-alpha4 integrin monoclonal antibody inhibiting the
adhesion of lymphocytes to the endothelium, is a widely accepted drug treat-
ment for relapsing–remitting multiple sclerosis (RRMS). A peripheral
increase of T and B lymphocytes has already been observed as an early treat-
ment effect. This retrospective observational study was aimed to evaluate the
peripheral lymphocyte subsets during a long-term treatment follow-up. We
included 23 RRMS patients treated with natalizumab for at least 24–48
months who had pretreatment lymphocyte evaluation. Baseline values of
lymphocyte subsets and CD4/CD8 ratio did not differ significantly from the
23 matched healthy subjects. The periodic (every 3–6 months) assessment of
immune cell subsets was performed by flow cytometry on peripheral blood
collected before drug injection. Therapy with natalizumab was confirmed to
be effective during the observational period. For all patients, the increase in
lymphocytes during natalizumab therapy compared to baseline at every
assessment was significantly higher compared to that of overall white blood
cells (2·1- and 1·3-fold, respectively, P < 0·0001). Both T cell subsets were
proportionally modified and the CD4/CD8 ratio did not change signifi-
cantly, while B cells increased significantly compared to T and NK cells (3·2-,
1·88- and 1·92-fold, respectively, P < 0·0001). These changes remained con-
stant throughout the 25–48-month period of therapy. In conclusion, effective
natalizumab treatment of RRMS patients was associated with the persistence
of its biological effects through a stable increase of peripheral lymphocytes,
mainly B cells, and an unchanged proportion of T cell subsets in long-term
follow-up.
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Introduction

Natalizumab is a monoclonal antibody that significantly
reduces the occurrence of relapses in relapsing–remitting
multiple sclerosis (RRMS) patients [1]. The antibody is
directed against the α4 subunit of the α4β1 (very late
antigen-4, VLA-4) integrin on the lymphocytes [2]. It pre-
vents the binding between VLA-4 and the vascular endothe-
lium cell adhesion molecule 1 (VCAM-1) which, over time,
decreases α4 expression [2]. The result consists of a reduced
extravasation of inflammatory immune cells across the
blood–brain barrier into the central nervous system (CNS),
consequently increasing the number of immune cells in the

peripheral blood [3–7]. However, natalizumab treatment
can affect lymphocyte subsets in different ways, as the α4β1
integrins are expressed differently on lymphocyte subtypes,
with higher levels on B than on T cells, on CD8+ than on
CD4+ T cells and on memory than on naive cells
[3–10]. Moreover, it has been shown that natalizumab
mobilizes haematopoietic precursor cells from the bone
marrow (BM), as α4β1 integrins are also expressed in
haematopoietic precursor cells as well as in retention signals
[11–13]. It is for these reasons that the increase of lympho-
cytes in the peripheral blood can be interpreted as either a
sequestration of cells due to leucocyte transmigration inhi-
bition [14,15] or as a lymphocyte release from BM [11–13].
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Several studies have evaluated the peripheral lymphocyte
pattern during short periods of natalizumab treatment. In
our retrospective observational study, we aimed to analyse
the lymphocyte subsets for 24–48 months of natalizumab
therapy in a cohort of RRMS patients. These results might
improve our knowledge in understanding long-term
natalizumab management through evaluating its biological
effects on blood peripheral lymphocytes.

Material and methods

Patients

We retrospectively included patients aged from 18 to 50
years, diagnosed with RRMS according to the revised
McDonald criteria [16], including scores up to 5·5 with the
Expanded Disability Status Scale (EDSS) (inclusive) [17],
treated with Natalizumab for at least 24 months, and per-
formed periodic lymphocyte subset assessments. The exclu-
sion criteria included having used corticosteroids and
immunomodulants in the previous month, other significant
pathologies and not having performed a baseline lympho-
cyte subset evaluation. The enrolment and management of
patients treated monthly with natalizumab must have met
the newly established guidelines [18]. Neurological exami-
nations were performed monthly; magnetic resonance
imaging scans (MRI) were carried out every 6 months,
while lymphocyte subset assessments were performed
before drug administration every 3–6 months.

A group of healthy controls was selected among health
workers registered in the laboratory database and matched
to patients for demographic features, and was considered
the reference range for white blood cell and lymphocyte
subset counts. The immunological, clinical and MRI data,
collected retrospectively, were stored into an electronic
database.

Patient management was conducted in accordance with
the International Conference Harmonization Guidelines of
Good Clinical Practice and the Declaration of Helsinki.
Given its retrospective design, this study did not interfere in
the care received by patients; oral informed consent was
obtained from all patients. However, the healthy subjects
gave their written informed consent to collect their data in a
laboratory database before blood sampling.

Analysis of peripheral blood mononuclear cells

The assessment of immune cell subsets in peripheral blood
was performed by flow cytometry using a four-colour
(CD45/CD3/CD4/CD8; CD45/CD3/CD19/CD16-56) single
platform immune fluorescence staining kit (IMK staining
kit, Trucount tubes, FACSCalibur; BD Biosciences, San Jose,
CA, USA). The number of total white blood cells (WBC)
and the different immunological subtypes, including CD4+

T lymphocytes, CD8+ T lymphocytes, natural killer (NK)

and CD19+ B lymphocytes, were obtained. The ratio
between T and B lymphocytes was also calculated.

Statistical analysis

Statistical analysis was performed by t-test or one-way
analysis of variance (anova) with Dunnett’s post-test using
GraphPad Prism version 5·00 for Windows (GraphPad Soft-
ware, San Diego, CA, USA). Differences were considered
significant for P < 0·05.

Results

Twenty-five patients were recruited. Two patients were
excluded because they did not have a baseline evaluation of
lymphocyte subsets. Twenty-three patients (five male, 18
female), baseline mean ± standard deviation (s.d.) aged 42·6
years (± 11·8), disease duration of 11·8 years (± 8·6) and
median (range) EDSS of 2·7 (1–4·5) were studied. All
patients underwent previous treatment with interferon
(IFN)-β or glatiramer acetate. Thirteen patients had lym-
phocyte subset evaluations every 3–6 months from baseline
up to 25–28 months (medium-term treated group), while
10 patients had the baseline and 3–6-month periodical lym-
phocyte assessments from 16–18 months to 41–48 months
of therapy (long-term treated group). No patient experi-
enced a relapse or showed new lesions on MRI, and no
serious adverse effects were manifested over the study
period. We also recruited 23 healthy subjects as controls,
matched to patient group for sex (five male, 18 female) and
age (44·5 ± 7·2). Baseline values of lymphocyte subsets and
CD4/CD8 ratio were within the normal ranges established
in our laboratory, and did not differ significantly from
healthy subjects (Fig. 1). There were no significant differ-
ences in baseline lymphocyte values between patients
treated previously with IFN-β or glatiramer acetate (data
not shown). The analysis of WBC, lymphocytes and lym-
phocyte subsets (CD3+, CD3+CD4+, CD3+CD8+, CD19+,
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Fig. 1. Baseline values (mean ± standard deviation) of lymphocyte

subsets in 23 natalizumab-treated patients and 23 healthy controls.

P-values refer to t-test.
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CD16+CD56+) performed at 3–6-month intervals during
natalizumab treatment showed a significant increase com-
pared to baseline values, with the exception of the CD4/
CD8 ratio, which remained unchanged. The increase in
WBC and in lymphocyte subsets occurred at 3–6 months
from starting therapy and persisted over time during treat-
ment in the medium-term treated group (Table 1, Fig. 2).
Similar results were found in the long-term treated group
for all lymphocyte subsets but not for WBC (no significant
differences) after 16–18 months of natalizumab therapy

compared to baseline values (Table 2, Fig. 3). However, the
different cell subsets did not show proportional increase
values. In fact, when comparing the ratios between treat-
ment (each time) and baseline values for all cell types, we
observed that the increase in lymphocytes was significantly
higher compared to the corresponding increase of the
overall WBC: mean value ± s.d.: 2·1- and 1·3-fold, respec-
tively, P < 0·0001 for all patients, and in particular 2·1 ± 0·04
and 1·3 ± 0·04, respectively, P < 0·0001 in the medium-term
treated group; and 2·1 ± 0·09 and 1·4 ± 0·09, respectively,
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P < 0·0001 in the long-term treated group (Fig. 4a,b). Simi-
larly, the increase in B cells was significantly higher than
that of NK or T cells: mean value ± s.d.: 3·2-, 1·88- and
1·92-fold, respectively, P < 0·0001 in all patients, and
3·2 ± 0·14, 1·91 ± 0·87 and 1·84 ± 0·05, respectively,
P < 0·0001 in the medium-term treated group; and
3·29 ± 0·27, 2·28 ± 0·28, 2·15 ± 0·17, respectively, P < 0·0001
in the long-term treated group (Fig. 4a,b). Finally, both
CD4+ and CD8+ T cell subsets were proportionally modified
and the CD4/CD8 ratio remained unchanged over time in

both the medium- and the long-term treated groups
(Table 1, Fig. 2 and Table 2, Fig. 3, respectively).

Discussion

Natalizumab is a monoclonal antibody used in MS to
reduce disease activity, even though its effects on different
immune cell populations are still unclear [12–15]. The
results of the present study, aimed to monitor the changes
in immune cell subsets in the long-term follow-up of
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patients treated with natalizumab, confirmed an early
increase of all lymphocyte subsets in the peripheral blood
already reported in previous studies [3–7]. Moreover, this
increase, involving T lymphocytes, NK cells and B cells, per-
sisted in the long-term follow-up, indicating that the effi-
cacy of natalizumab therapy may be correlated with the
persistence of its biological effects through a stable increase
in all peripheral lymphocytes, mainly B cells. We also
observed an increase in both CD4 and CD8 lymphocyte
subsets in line with that reported in previous papers
[5,7,14]. Our data confirmed an unaltered relative propor-
tion of both subsets reported in one of these studies [5];
however, our data differed from other studies which showed
a significant decrease in the CD4/CD8 ratio [10,14]. In our
study the unchanged CD4/CD8 T cell ratio remained con-
stant throughout the entire course of therapy.

We also observed a significantly higher increase in CD19+

B cells compared to other lymphocytes, in agreement with
reports from previous studies [3–7,14]; however, in con-
trast, another study reported the highest increase in the

number of NK cells occurring after 1 year of natalizumab
treatment compared to baseline, followed by B and T cells
[10]. This discrepancy could be explained by the fact that
repeated comparisons, instead of a single comparison, com-
pared to the baseline value were made during some years of
therapy. The origin of B cells is still a matter of debate as to
whether they originate from BM cells [7] or peripheral cells
[14]. However, considering the scarcity of leucocytes com-
pared to periphery cells in the CNS and the minor contri-
bution of memory and marginal zone-like B cells in
composing the lymphocyte pool, it is unlikely that the
reduced migration of leucocytes into the CNS and the
decreased retention of specific B cell subsets in the spleen
can quantitatively affect peripheral lymphocyte count or
fully explain the increase of lymphocytes observed during
natalizumab therapy. The more pronounced increase in B
cells compared to T cells suggests that some B cells might be
precursors coming from the BM. In fact, recently published
data, based on T cell receptor and kappa-deleting recombi-
nant excision circle assays, showed that newly produced T
and B lymphocytes increased significantly in the peripheral
blood of patients treated for 6 and 12 months with
natalizumab, thus indicating that the drug may influence
the lymphocyte release from production sites [7]. It may
have potential implications for the development of progres-
sive multi-focal leucoencephalopathy, a severe opportunistic
CNS infection determined by John Cunningham (JC) virus
that can occur during natalizumab therapy [19]. Finally, an
expansion of NK cells found in our study confirmed the
data from previous studies [4,5,10], probably correlated
with a treatment response [4], supporting the role played by
these cells in immunoregulation.

Conclusions

The present data show that long-term effective natalizumab
treatment determines a prolonged increase in peripheral
lymphocytes, particularly of CD19+ B cells, with a propor-
tional increase in peripheral T cell subsets and unchanged
CD4/CD8 ratio, throughout the entire period of therapy,
even at long-term 48-month follow-up.
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