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Natalizumab treatment leads to an increase

in circulating CXCR3-expressing B cells

ABSTRACT

Objective: To study the effects of natalizumab treatment on subgroups of circulating peripheral
blood B cell populations.

Methods: We studied the proportions and absolute numbers of CD19+CD20+, CD10+, and CD5*
B cell populations, and determined very late activation antigen-4 and chemokine receptor
CXCR3, CCR5, and CCR6 expression on B cells in the peripheral blood of 14 natalizumab-
treated patients with relapsing-remitting multiple sclerosis. Five blood samples per patient were
obtained longitudinally before and during the first year of treatment. Blood samples were ana-
lyzed by 6-color flow cytometry.

Results: Proportions of B cells and CD10* pre-B cells were significantly increased, and very late
activation antigen-4 expression on the B cell surface was significantly decreased already after 1
week of natalizumab treatment. Natalizumab-induced sustained increase in the proportion and
absolute number of CXCR3-expressing B cells was statistically significant after 1 month of
treatment. There were no changes in the proportions of CCR5- or CCR6-expressing B cells.

Conclusions: The rapid and persistent increase in circulating CXCR3-expressing B cells in
response to natalizumab treatment possibly reflects the relevance of this chemokine receptor
in controlling migration of B cells into the CNS in humans in vivo. Neurol Neuroimmunol
Neuroinflamm 2016;3:e292; doi: 10.1212/NX1.0000000000000292

GLOSSARY

MS = multiple sclerosis; VLA-4 = very late activation antigen 4.

Trafficking of leukocytes into the inflamed CNS is a multistep process involving both adhesion
molecules, such as integrin very late activation antigen 4 (VLA-4), and chemokine receptors.'
This migration is prevented by an anti-VLA-4 antibody, natalizumab, which efficiently reduces
relapses in relapsing-remitting multiple sclerosis. By rendering the activated leukocytes trapped
in circulation, natalizumab treatment allows the detection and study of leukocyte subgroups
potentially important for multiple sclerosis (MS) pathogenesis. B cells are increasingly recog-
nized as active players in the pathogenesis of MS. They are found within the active lesions in MS
brain,” but it is not well known how natalizumab affects B cell trafficking into the CNS.
However, VLA-4 is known to be expressed on B cells,” and selective elimination of VLA-4
from B cells reduced leukocyte recruitment and susceptibility to CNS autoimmunity in an
animal model of MS, thus providing mechanistic proof for the role of VLA-4 in B cell trafficking
into the CNS.* The CXCR3 chemokine receptor has also been hypothesized to be involved in
regulating the accumulation of B cells into the CNS.> The aim of this prospective study was to
evaluate longitudinally the effects of natalizumab treatment on peripheral blood B cell popula-
tions and chemokine receptor expression, with special reference to CNS homing determinants
expressed by these cells.
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METHODS Standard protocol approvals, registrations,
and patient consents. The study was approved by the ethical
committee of the Hospital District of Southwestern Finland.

All patients gave written informed consent.

Patients. Fourteen patients with relapsing-remitting MS (10
women) initiating natalizumab treatment (Tysabri, 300 mg IV
every 4 weeks; Biogen Idec, Cambridge, MA) at the neurology
outpatient clinic of the Division of Clinical Neurosciences at
the Turku University Hospital, Turku, Finland (December
2008 to December 2009), were prospectively recruited into the
study. Characteristics included the following: mean age 37.2
(range 21-46) years; disease duration from MS diagnosis 1.9
(0-3.75) years; Expanded Disability Status Scale score 3.7 (1
7.5); number of relapses 4.1 (1-10, total) and 1.9 (0-5, year
before); and disease-modifying therapy year before, B-interferon
(n = 6) and glatiramer acetate (n = 1). The sample size was
determined by the number of patients initiating natalizumab
treatment and willing to participate during the recruitment
period of 1 year. Heparinized blood samples (10 mL) were
obtained shortly before the initiation of treatment and at 1 week
and 1, 3, and 12 months of treatment. A total of 64 prospective
blood samples were collected. Two patients discontinued the
treatment (after 1 and 8 months [infusion reaction and fear of
progressive multifocal leukoencephalopathy, respectively]), and 3
patients did not show up at 1 week. One patient experienced
a relapse 10 days after initiation of natalizumab treatment and

received a course of methylprednisolone pulse therapy.

Flow cytometry. Immunofluorescence staining was performed
using whole blood (ethylenediaminetetraacetic acid-anticoagulated
peripheral blood, 100 L) with the following antibodies: CD19-PE-
Cy7, CD5-APC, CD10-APC, CDI19-APC, CD20-APC-Cy7,
CD45-APC-Cy7, CD45-PerCP-Cy5.5, CD4-APC, CD3-PE-Cy7
(BD Biosciences, Franklin Lakes, NJ); CD49d, CD183-PE,
CD196-PE, CD195-FITC, CD3-PE-Cy7, CD3-PerCP-Cy5.5
(BD Pharmingen, San Diego, CA). Samples were processed
according to EuroFlow Standard Operating Procedure for sample
preparation and staining (euroflow.org) and analyzed using flow
cytometry (FACSCanto; BD, San Jose, CA). Rationale for the
choice of target molecules was the following: CD19 and CD20
were included as B cell determinants. CD10 was included as
a pre-B cell marker. CD183/CXCR3 and CD49d/VLA-4
evaluation on B cells was the hypothesis-driven main objective of
the study. CD45, CD3, and CD4 were used for gating purposes.
Other chemokine receptors and cell surface molecules not
immediately associated with B cell CNS homing (i.e., CD196/
CCR6, CD195/CCR5, CD5) were included as controls. From
each tube, 100,000 events were collected, and data were analyzed
using FACSDiva version 6.1.3 (BD). On the same day, the blood
lymphocyte counts were obtained from differential white blood cell
count analyzed at 0, 1, 3, and 12 months using Sysmex XE2100
(Sysmex, Kobe, Japan) automated hematology analyzer according to
standard clinical laboratory procedures, and absolute counts for B
cell subpopulations were calculated from lymphocyte counts with

assistance of flow cytometry results.

Statistical analyses. Statistical analyses were performed sepa-
rately for each antibody using SAS System (SAS Institute, Cary,
NCO) for Windows 9.4. If residuals were normally distributed, time
comparisons were done using mixed-model repeated-measures
analysis of variance with heterogeneous compound symmetry
covariance structure and followed by Dunnett adjustment for
pairwise comparisons. Otherwise, comparisons were made using
signed-rank or paired # test with Bonferroni adjustment multiple

comparisons. Samples taken during natalizumab treatment were
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compared to the baseline sample. Corrected 2-sided p values

<0.05 were considered statistically significant.

RESULTS Natalizumab treatment led to increased
absolute numbers of circulating B cells, and B cell sub-
populations (table, figure). The increase in circulating
B cells was seen already after 1 month of treatment,
and it persisted throughout the study period. Propor-
tionately, the increase was greatest among
CD10"CD19"CD20" pre-B cells (median 8.3-fold)
and CXCR3*CD19" B cells (4.7-fold). Natalizumab-
induced persistent increase in the proportion of
CD197CD20" B cells of all peripheral blood
lymphocytes was observed already after 1 week of
treatment (p = 0.004 at 1 week, p = 0.0005 at 1
month, p = 0.002 at 3 months, p = 0.008 at 12
months; table, figure). Natalizumab treatment
increased the proportion of CD10*CD197CD20*
pre—B cells during the first 3 months (p = 0.02,
p = 001, p = 0.004, and p = 0.2, respectively;
table, figure). The proportion of VLA-4"CDI19*
cells decreased already after 1 week of natalizumab
treatment (p < 0.0001 at all time points; table,
figure). There was no change in the proportion of
CD5"CDI19" native transitional B cells (table,
figure). The proportion of CXCR3*CD19" cells was
increased after 1 month (p = 0.014 at 1 and 3 months,
2 = 0.0058 at 12 months; table, figure). Natalizumab-
treatment did not alter the proportion of
CCR6CD19* or CCR57CD197 cells (table, figure).

DISCUSSION B cells express high levels of the
VLA-4.3
Hence, blocking VLA-4 using natalizumab most

adhesion-mediating integrin  molecule
likely both enhances the release of B cells from
lymphoid tissues and bone marrow, and prevents B
cell entry from blood into tissue. This results with
increased numbers of circulating B cells as shown in
this study and by others.” Our result of the apparent
partial decrease in B cell VLA-4 expression following
natalizumab treatment is in line with previous results.®
In addition to adhesion molecules, chemokine
receptors and chemokines contribute to recruitment
of leukocytes into sites of inflammation.' Not much is
known, however, about the specific chemokine
receptors mediating entry of B cells into the CNS
under inflammatory conditions. We show here for
the first time that the proportion of circulating B
cells expressing the chemokine receptor CXCR3 is
significantly and persistently increased during
natalizumab treatment. CXCR3 is expressed in
a subset of circulating B cells and, of note, CXCR3
expression on B cells in the CSF is higher in active MS
patients than in controls.”” It is thus possible that the
increase in the proportion of CXCR3-expressing

circulating B cells following natalizumab treatment
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Table Natalizumab-induced increases in cell counts and alterations in proportions of circulating B cells in
patients with multiple sclerosis

Absolute cell counts (10°/L)

0 mo (n = 14) 1 mo (n = 14) 3 mo (n=13) 12 mo (h = 12) %?
Lymphocytes 21 +09 3.7 +1.2¢4 41 +1.74 43 +1.74 89
CD19+CD20* 0.2 = 0.08 0.7 + 0.2¢ 0.7 + 0.3¢ 0.7 £ 0.3¢ 283
CD10+CD19+CD20+ 0.005 + 0.006° 0.04 = 0.02¢ 0.05 + 0.03¢ 0.04 + 0.03¢ 3,007
CD5+CD19+CD20* 0.02 = 0.01 0.08 = 0.04¢ 0.09 = 0.06¢ 0.08 + 0.04¢ 328
VLA-4+CD19+ 0.2 = 0.08 0.5 + 0.2¢ 0.5 + 0.3f 0.4 +0.3f 175
CXCR3+*CD19+ 0.03 + 0.02 0.2 = 0.06¢ 0.2 + 0.07¢ 0.2 + 0.08¢ 730
CCR5+CD19+ 0.01 = 0.01° 0.03 = 0.01° 0.03 = 0.02° 0.02 + 0.02 215
CCR6+CD19+ 0.2 = 0.08° 0.6 + 0.2° 0.7 £ 0.3¢ 0.6 + 0.3° 283

Percentage of parent cell population
0 mo (n = 14) 1wk(n=11) 1 mo (n = 14) 3 mo(n=13) 12 mo (nh = 12)

CD19+CD20+ 10.6 + 55 19.7 = 7.4¢ 20.0 = 8.1¢ 18.7 + 7.0f 16.4 + 7.0f
CD10+CD19+CD20+ 2.6 + 3.2 5.5 + 3.8¢f 5.5 + 2.8f 82 +4.7° 6.0 =33
CD5+CD19+CD20+ 122 + 6.5 112 + 55 113 + 44 132 + 58 113 + 59
VLA-4+CD19+ 982 £ 16 65.4 = 15.0¢ 70.7 =+ 11.7¢ 66.9 + 12.8¢ 65.5 + 10.9¢
CXCR3+*CD19+ 152 + 8.3 172 +6.1 22.5 + 8.4f 224 +7.7f 23.0 + 52¢
CCR5+CD19+ 6.0 + 3.4 4.3 + 3.8 41 +23 46 +28 38=+21
CCR6+CD19+ 88.8 = 6.9° 90.4 + 4.0 90.1 + 3.3 88.1 + 4.0 845 + 82

Abbreviation: VLA-4 = very late activation antigen 4.

Data are given as mean + SD. B lymphocytes were identified on the basis of forward light scatter and sideward light
scatter characteristics together with bright CD45 positivity and by CD19 expression and lack of CD3 and CD4 expres-
sion. Parent cell population is peripheral blood lymphocytes (for CD19+CD20+ B cells) or CD19+ B cells (all other B cell

subtypes).

2 Change percentage from baseline to 1 month.
bn=12.

°n = 10.

9p < 0.001, ¢p < 0.01, fp < 0.05, compared to baseline (0 months).

is related to the reduced migration ability of these cells
into the inflaimed CNS. Moreover, the observed
reduction in the level of CXCR3-binding chemokines
within the CNS following natalizumab treatment'
might hamper the trafficking of CXCR3" B cells into
CNS, which further contributes to the increased
proportion of these cells in the blood. Natalizumab
treatment did not alter the proportions of CCR5* or
CCR6* B cells, highlighting the fact that natalizumab
has divergent effects on various B cell populations
expressing various homing determinants. In addition,
natalizumab seems to influence differently the
proportions of CXCR3-expressing circulating B and
T cells, as CXCR3"CD8" T cells were shown to
decrease in circulation during natalizumab treatment."'

Our study demonstrates the early (demonstrable
already after 1 month) and persistent (up to 1 year)
increase in absolute numbers of circulating
CD19*CD20* B cells and CD10*CD19*CD20*
pre-B cells during natalizumab treatment, which prob-
ably is caused by the rapid release of these cells from
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lymphoid tissues and bone marrow due to VLA-4
blockage.®” This phenomenon is so pronounced that
it leads to an increase in absolute numbers of any B cell
population studied (table). However, when proportions
of various B cell subpopulations are calculated, the only
increase is observed in CXCR3-expressing B cells.

It has been recognized that VLA-4 has an important
role in mediating T' lymphocyte entry into the CNS,
but adhesion molecules controlling the B cell entry
have been much less understood. Our study suggests
that some of the treatment effect of natalizumab might
be attributable to prevented entry of disease-relevant B
cells into the CNS. The beneficial effect on CNS
inflammation of B cell VLA-4 expression elimination
in mice supports this hypothesis.” However, the mech-
anistic demonstration of the role of CXCR3 in B cell
entry into the inflamed CNS remains to be seen.
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[ Figure Effect of natalizumab treatment on circulating B cell subpopulations and chemokine receptor expression by circulating B cells ]
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(A-H) The absolute number of total lymphocytes and all investigated B cell populations and surface molecules, except CCR5 at 12 months, increases signif-
icantly and persistently in patients with multiple sclerosis during natalizumab treatment. (I) The proportion of CD19+CD20+ B cells of all peripheral blood
lymphocytes increases in patients with multiple sclerosis already after 1 week of natalizumab treatment. (J) The proportion of CD10*CD19+CD20* pre-B cells
increases already after 1 week of natalizumab treatment. (K) The proportion of CD5*CD19*CD20* B cells is not altered during natalizumab treatment. (L) The
proportion of VLA-4*CD19" cells decreases already after 1 week of natalizumab treatment. (M) The proportion of CCR5*CD19* cells is not altered during
natalizumab treatment (N) The proportion of CCR6-CD19+ cells is not altered during natalizumab treatment. (O) The proportion of CXCR3+*CD19* cells
increased after 1 month of natalizumab treatment. (P) The proportion of CXCR3*CD19* cells increased in 11 of 13 patients from baseline to 3 months during
natalizumab treatment. Median, lower and upper quartiles, and range (A-H) or mean = standard error (I-O) is shown except (P), where lines represent intra-
individual changes.*p < 0.05, **p < 0.01, ***p < 0.001 compared to baseline (0 months). m = month; VLA-4 = very late activation antigen 4; w = week.

design and conceptualization of the study, critical revision of manuscript

for intellectual content.

ACKNOWLEDGMENT

The authors thank Ms. Emma Smith for valuable assistance with data manage-

ment, and Drs. Marja-Terttu Pelliniemi and Anri Tienhaara for fruitful

Neurology: Neuroimmunology & Neuroinflammation

discussions and advice for designing the study protocol. Tommi Kauko and

Jaakko Matomiki are acknowledged for help with the statistical evaluatdon.

STUDY FUNDING

This investigator-initiated study was supported by a grant from Biogen Idec.
Maija Saraste is financially supported by the University of Turku Doctoral



Programme of Clinical Investigation, the Maud Kuistila Memory Founda-
tion, the Finnish MS Foundation, and the Orion Research Foundation.
The sponsor had no influence on the analysis and interpretation of data,

in the writing of the report, or in the decision to submit the paper.

DISCLOSURE

M. Saraste received travel funding from the Turku University Foundation,
received research support from the University of Turku Doctoral Pro-
gramme of Clinical Investigation, the Maud Kuistila Memory Foundation,
The Finnish MS Foundation, The Orion Research Foundation. T.-L.
Penttilid reports no disclosures. L. Airas served on the scientific advisory
board for Teva, Roche, Biogen, Genzyme, Novartis, received travel funding
and/or speaker honoraria from Teva, Genzyme, Biogen Idec, Sanofi-
Aventis, Merck, Novartis, received research support from Merck, Novartis,

Biogen Idec. Go to Neurology.org/nn for full disclosure forms.

Received June 23, 2016. Accepted in final form September 12,
2016.

REFERENCES

1. Takeshita Y, Ransohoff RM. Inflammatory cell trafficking
across the blood-brain barrier: chemokine regulation and
in vitro models. Immunol Rev 2012;248:228-239.

2. Michel L, Touil H, Pikor NB, Gommerman JL, Prat A,
Bar-Or A. B cells in the multiple sclerosis central ner-
vous system: trafficking and contribution to CNS-
compartmentalized inflammation. Front Immunol

2015;6:636.
3. Niino M, Bodner C, Simard ML, et al. Natalizumab ef-
fects on immune cell responses in multiple sclerosis. Ann

Neurol 2006;59:748-754.

10.

11.

Lehmann-Horn K, Sagan SA, Bernard CC, Sobel RA,
Zamvil SS. B-cell very late antigen-4 deficiency reduces
leukocyte recruitment and susceptibility to central nervous
system autoimmunity. Ann Neurol 2015;77:902-908.
Serensen TL, Roed H, Sellebjerg F. Chemokine receptor
expression on B cells and effect of interferon-beta in mul-
tiple sclerosis. ] Neuroimmunol 2002;122:125-131.
Krumbholz M, Meinl I, Kiimpfel T, Hohlfeld R, Meinl E.
Natalizumab disproportionately increases circulating pre-B
and B cells in multiple sclerosis. Neurology 2008;71:
1350-1354.

Mattoscio M, Nicholas R, Sormani MP, et al. Hemato-
poictic mobilization: potential biomarker of response to
natalizumab in multdple sclerosis. Neurology 2015;84:
1473-1482.

Putzki N, Baranwal MK, Tettenborn B, Limmroth V,
Kreuzfelder E. Effects of natalizumab on circulating B
cells, T regulatory cells and natural killer cells. Eur Neurol
2010;63:311-317.

Jones D, Benjamin RJ, Shahsafaei A, Dorfman DM. The
chemokine receptor CXCR3 is expressed in a subset of
B-cell lymphomas and is a marker of B-cell chronic lym-
phocytic leukemia. Blood 2000;95:627-632.
Mellergérd J, Edstrom M, Vrethem M, Ernerudh J, Dahle C.
Natalizumab treatment in multiple sclerosis: marked decline
of chemokines and cytokines in cerebrospinal fluid. Mult
Scler 2010;16:208-217.

Kivisikk P, Healy BC, Viglietta V, et al. Natalizumab
treatment is associated with peripheral sequestration of
proinflammatory T cells. Neurology 2009;72:1922-1930.

Neurology: Neuroimmunology & Neuroinflammation 5


http://nn.neurology.org/lookup/doi/10.1212/NXI.0000000000000292

Neurology*

Neuroimmunology
& Neuroinflammation

Natalizumab treatment leadsto an increase in circulating CXCR3-expressing B cells
Maija Saraste, Tarja-Leena Penttild and Laura Airas
Neurol Neuroimmunol Neuroinflamm 2016;3;

DOI 10.1212/NX1.0000000000000292

Thisinformation is current asof October 24, 2016

Updated Information &
Services

References

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://nn.neurol ogy .org/content/3/6/e292.full.html

This article cites 11 articles, 2 of which you can access for free at:
http://nn.neurol ogy .org/content/3/6/e292.full.ntml##ref-list-1

This article, along with others on similar topics, appearsin the
following collection(s):

Autoimmune diseases

http://nn.neurol ogy .org//cgi/collection/autoimmune_diseases
Multiple sclerosis

http://nn.neurol ogy.org//cgi/collection/multiple_sclerosis

Information about reproducing this article in parts (figures,tables) or in
its entirety can be found online at:
http://nn.neurol ogy.org/misc/about.xhtml#permissions

Information about ordering reprints can be found online;
http://nn.neurol ogy.org/misc/addir xhtml#reprintsus

Neurol Neuroimmunol Neuroinflammis an official journal of the American Academy of Neurology.
Published since April 2014, it is an open-access, online-only, continuous publication journal. Copyright ©
2016 American Academy of Neurology. All rights reserved. Online ISSN: 2332-7812.

AMERICAN ACADEMY OF

NEUROLOGY.



http://nn.neurology.org/content/3/6/e292.full.html
http://nn.neurology.org/content/3/6/e292.full.html##ref-list-1
http://nn.neurology.org//cgi/collection/autoimmune_diseases
http://nn.neurology.org//cgi/collection/multiple_sclerosis
http://nn.neurology.org/misc/about.xhtml#permissions
http://nn.neurology.org/misc/addir.xhtml#reprintsus



