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CNS delivery of anti-CD52 antibodies
modestly reduces disease severity in
an animal model for multiple sclerosis
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Abstract

, Elien Grajchen, Elien Wouters, Bieke Broux, Piet Stinissen,

Background and aims: Alemtuzumab is a humanized monoclonal antibody that depletes
CD52-bearing B and T lymphocytes. Clinical trials defined that systemic administration of
alemtuzumab reduces disease severity in the relapsing-remitting phase of multiple sclerosis
(MS). However, its efficacy in progressive MS patients is limited, which may reflect the inability
of alemtuzumab to cross the reconstituted BBB in these patients. Objective: to study whether
central nervous system (CNS) delivery of anti-CD52 antibodies reduces disease severity and
the neuroinflammatory burden in the experimental autoimmune encephalomyelitis (EAE)

model.

Methods: Anti-CD52 antibodies were administered intrathecally during the acute and
chronic phases of EAE. Flow cytometry and immunohistochemistry were utilized to define

immunological and pathological parameters.

Results: We show that subcutaneously administrated anti-CD52 antibodies completely abolish
EAE disease severity. CNS delivery of anti-CD52 antibodies during both the acute and chronic
phases of EAE moderately reduces disease severity and the neuroinflammatory burden. Our
findings further suggest that CNS delivery of anti-CD52 antibodies impacts both the peripheral
and CNS immune cell compartments in the EAE model but not in healthy mice.

Conclusion: Collectively, our findings highlight the therapeutic potential of CNS delivery of
alemtuzumab for the treatment of progressive as well as early MS.

Keywords: alemtuzumab, CD52, experimental autoimmune encephalomyelitis, lymphocytes,

multiple sclerosis, neuroinflammation
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Introduction

Alemtuzumab is a humanized monoclonal anti-
body directed against CD52, expressed on lym-
phocytes, which was first approved for the
treatment of chronic lymphocytic leukemia.
Systemic treatment with alemtuzumab results in
rapid and prolonged depletion of T and B lym-
phocytes. To date, several clinical studies assessed
the capacity of alemtuzumab to reduce disease
progression in multiple sclerosis (MS). Early
studies found that alemtuzumab markedly
reduced gadolinium-enhanced magnetic imaging
lesions in progressive MS patients, corresponding
to a reduced relapse rate.!"* However, despite its

striking impact on newly formed inflammatory
lesions, alemtuzumab did not improve clinical
disability in these patients, suggesting that alem-
tuzumab is more beneficial if given early in the
course of MS. In agreement, phase II and phase
IIT clinical studies showed that alemtuzumab was
more efficient in reducing the annualized relapse
rate (ARR), disability score, and lesion burden in
naive as well as prior-treated relapse-remitting
MS (RR-MS) patients as compared with subcu-
taneous interferon (IFN)B-1a.5>-7 Importantly, in
extension studies, alemtuzumab was found to
provide efficacy through 5 years in the absence of
continuous treatment.® In an international cohort
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study, the effectiveness of alemtuzumab in
RR-MS patients was compared with natalizumab,
fingolimod, and IFNf-1a.® Alemtuzumab was
associated with a lower ARR than IFNp-1a and
fingolimod, and a similar ARR to natalizumab.
Collectively, these findings indicate that lympho-
cyte depletion by alemtuzumab efficiently reduces
the activity of early MS lesions.

Increasing evidence indicates that the inflamma-
tory reactions in MS are more complex than origi-
nally anticipated. Classically, central nervous
system (CNS) inflammation was thought to sub-
side in progressive disease stages and neurodegen-
eration was regarded as continuing in the absence
of inflammation. However, post-mortem studies
defined that CNS inflammation is still apparent in
progressive disease stages, albeit to a lesser extent
as in early MS patients, and trapped behind
a reconstituted blood-brain barrier.!%!! In pro-
gressive MS patients, active tissue injury is mainly
associated with pro-inflammatory microglia
activation.!?13 Among other potential candidates
driving neuroinflammation in progressive disease
stages, B and T cells appear to play an essential
role. Post-mortem studies defined that both lym-
phocyte subsets are present in the CNS of pro-
gressive MS patients and their presence correlates
with the extent of acute axonal injury in these
patients.1%11 Moreover, ample evidence indicates
the presence of lymphoid follicle-like structures in
the meninges of progressive MS patients contain-
ing abundant B cells,!416 suggesting the establish-
ment of a compartmentalized humoral immune
response in the progressive phase of MS. In sum-
mary, these studies indicate that inflammation is
apparent in progressive MS and contributes to
ongoing neurodegeneration. While the cells and
mechanisms driving inflammation in progressive
MS patients remain poorly understood, microglia
and B cells are likely culprits, with T cells having a
less important impact.!” Therapeutic interven-
tions focused at eliminating the compartmental-
ized inflammatory reaction observed in the CNS
of progressive MS patients may halt ongoing neu-
rodegeneration in these patients.

Monoclonal antibodies such as alemtuzumab
are unable to cross an intact blood—brain barrier
at an appreciable concentration, which likely
explains its inability to improve clinical disabil-
ity in progressive MS patients.!8 For this reason,
we sought to determine whether local adminis-
tration of alemtuzumab in the CNS reduces

neuroinflammation and ameliorates disease
severity in an animal model of MS; experimen-
tal autoimmune encephalomyelitis (EAE). We
report that intrathecal treatment with anti-
murine CD52 monoclonal antibodies (aCD52
mADb) in both the acute and the chronic phase of
EAE slightly reduces disease severity and the
presence of inflammatory immune cell infil-
trates in the CNS. Intrathecal administration of
aCD52 mAb was well tolerated by animals. Our
results hold promise for future intervention
studies using alemtuzumab to reduce disease
progression in progressive MS patients.

Material and methods

Animals

Wild-type C57BL/6] mice were obtained from
Envigo. Animals were fed a regular diet and housed
in the animal facility of the Biomedical Research
Institute of Hasselt University. Mice were main-
tained on a 12h light/dark cycle with free access to
water and food. All experiments were carried out
according to institutional guidelines and were
approved by the ethical committee for animal
experiments of Hasselt University (approval num-
ber 201634).

EAE induction

The induction of EAE was done as described
previously.1%20 Following randomization (weight),
11week old mice were immunized subcutaneously
with recombinant myelin oligodendrocyte glyco-
protein MOG;;_5; emulsified in complete Freund’s
adjuvant supplemented with Mycobacterium tuber-
culosis according to the manufacturer’s guidelines
(Hooke Laboratories, Lawrence, USA). Within 2h
and after 24h, mice were injected intraperito-
neally with 50ng of pertussis toxin (lot number
1008). Immunized mice were weighed and scored
daily by following a five-point standardized rating
of clinical symptoms: 0, no signs; 1, loss of tail
tonus; 2, flaccid tail; 3, hind limb paresis; 4, hind
limb paralysis; 5, death. Scoring was performed
by an examiner blinded to the experimental
protocol.

Anti-CD52 treatment

Healthy (n=5/group) and EAE (n=10/group)
C57BL/6] mice were treated subcutaneously over
5 consecutive days with anti-murine CD52 (IgG2a,
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200ug/mouse, kindly provided by Genzyme, a
Sanofi company) or vehicle (PBS).2! Subcutaneous
treatment of EAE animals with anti-CD52 started
10days post-immunization (dpi). For local admin-
istration, healthy and EAE animals were injected
intrathecally with 10pug/mouse of anti-CD52 dis-
solved in 2l of PBS. To this end, mice were anes-
thetized with a mixture of ketamine (100 mg/kg)
and xylazine (10mg/kg) and fixed in a stereotaxic
frame. Using the occipital crest as a reference
point, superficial connective tissue and muscles
were separated at the midline. Next, a Hamilton
1701 syringe (X046.1) was used to inject vehicle
or anti-CD52 in the cisterna magma. Topical oph-
thalmic ointment was used to prevent ocular dry-
ness/injury. In the EAE experiments, animals were
treated once intrathecally at 10 (z=38/group) or 20
dpi (n=10/group). Given that the blood/cerebro-
spinal fluid (CSF) ratio in mice is 40:1 (blood,
*+1.2ml; CSF, *40uL), the dilution factor of
anti-CD52 mAb in the CSF upon intrathecal
administration (CSF, 0.33mg/mL) is lower than
the dilution factor in blood upon subcutaneous
administration (blood, 0.17 mg/mL).

Flow cytometry

The spleen was dissociated into single cells by
mashing the tissue through a 70-um cell strainer.
Red blood cells from spleens were lysed using
0.83% (w/v) of ammonium chloride. For the
detection of immune cell subtypes, the following
antibodies were used: Alexa Fluor 647 anti-
mouse FOXP3 (Biolegend, 126407), Alexa Fluor
700 anti-mouse CD45 (Biolegend, 103127),
Brilliant Violet 510 anti-mouse CD8a (Biolegend,
100751), Brilliant Violet 650 anti-mouse CD19
(Biolegend, 115541), Brilliant Violet 785 anti-
mouse Ly-6C (Biolegend, 128041), FITC anti-
mouse CD3 (Biolegend, 100203), Pacific Blue
anti-mouse CD4 (Biolegend, 100427), PE anti-
mouse IL.-4 (Biolegend, 504103), PC/Cy7 anti-
mouse IFNgamma (Biolegend, 505825), PE/
Dazzle 594 anti-mouse IL-17A (Biolegend,
506937), and PerCP/Cy5.5 anti-mouse CDI11b
(Biolegend, 101227). Viable cells were gated
using the Zombie NIR Fixable Viability Kit
(Biolegend, 423105). For cell surface staining,
cells were incubated with 10% rat serum for
15 min prior to staining with fluorescently labeled
antibodies for 15min on ice. For intracellular
staining, cells were fixed, permeabilized, and
stained using the Transcription Factor Staining
Buffer Set (Thermo Fisher Scientific) according
to the manufacturer’s protocol. Flow cytometry

was carried out and analyzed on a BD LSRFortessa
(BD Biosciences).

Immunostaining

Frozen human brain material from progressive
MS patients (n=4 patients) was obtained from
the Netherlands Brain Bank (NBB, Amsterdam,
Netherlands). Clinical details of human brain
tissue are depicted in Supplemental Material
Table S1 online. Animals were transcardially
perfused with Ringer’s solution containing hep-
arin, after which spinal cord tissue was isolated
and snap-frozen in liquid nitrogen. Cryosections
were fixed in acetone for 10 min and blocked
with 10% DAKO protein block (Dako, Heverlee,
Belgium). For 3,3’ diaminobenzidine (DAB)
staining, slides were incubated with rat anti-
human CD52 (Bio-Rad, MCA1642). After
washing, HRP-conjugated with rabbit-anti-rat
HRP (DAKO, P0450) was added. Subsequently,
DAB substrate (Dako) was used to stain slides.
Sections were counterstained with hematoxylin
(Merck, Darmstadt, Germany). For morpho-
logical analysis, sections were stained with
hematoxylin and eosin using standard proto-
cols. For fluorescence staining, cryosections
were incubated with rabbit anti-Ibal (Wako,
NCNDP24), rat anti-mouse CD3 (Bio-Rad,
MCA500G), rat anti-mouse F4/80 (Bio-Rad,
MCA497GA), rat anti-human CD52 (Bio-Rad,
MCA1642), mouse anti-human CD3 (Bio-Rad,
MCA463), and mouse anti-CD68 (Invitrogen,
14-0688). Cryosections were stained with Alexa
Flour secondary antibodies (Invitrogen). Nuclei
were visualized using 4,6'-diamidino-2-phe-
nylindole (Invitrogen). Stained sections were
visualized using a Nikon Eclipse 80i fluores-
cence microscope (Nikon, Kingston, UK). For
quantification, seven images per animal were
used (10X magnification). In all experiments,
control staining was performed by omitting the
primary antibody. No immunoreactivity was
observed in control staining, depicted in Figures
1 and 2, and Supplemental Figure S1 (data not
shown). For MS lesions, the normal-appearing
white matter (NAWM) was defined based on
PLP (normal myelin distribution), HLA-DR
(normal microglia branching), and ORO stain-
ing (absence of ORO™ cells).

Statistics
Data were analyzed using GraphPad Prism and are
reported as mean = SEM. The D’Agostino and
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Figure 1. CD52 is expressed by perivascular lymphocytes and parenchymal phagocytes in multiple sclerosis
(MS) lesions. [a-d) Representative images of CD52 immunostaining of MS lesions: overview (a), lesion
perivascular cuff (b), lesion parenchyma (c], normal-appearing white matter (NAWM, d). (e-g) Representative
immunofluorescence images of MS lesions from progressive MS patients stained with CD3/CD52 (e) and CD68/
CD52 [f, g. A total of five lesions from four different MS patients were used. Scale bars, 200pum (a); 100um

(b—f).
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Figure 2. Intrathecally administered anti-CD52 mAb does not impact microglia number and central nervous
system morphology. (a, b) Representative immunofluorescent images and quantification of IBA1 staining of
spinal cord isolated from healthy mice that received anti-CD52 mAb or vehicle intrathecally. Animals were
sacrificed 3days after surgery. Scale bar, 100um. (c-e) Representative images of hematoxylin/eosin staining of
the spinal cord (c) and brain (d) parenchyma, and choroid plexus (e] of healthy animals treated with anti-CD52
mAb or vehicle intrathecally. Animals were sacrificed 3 days after surgery (n=4 animals). Scale bar, 150 um.

Pearson omnibus normality test was used to test

normal distribution. An analysis of variances or
two-tailed unpaired Student z-test (with Welch’s
correction if necessary) was used for normally dis-
tributed data sets. The Kruskal-Wallis or Mann—
Whitney analysis was used for data sets which did
not pass normality. Pvalues <0.05 (*), <0.01 (**),
and <0.001 (***) were taken to indicate statistical
significance between groups.

Results

CD52 is expressed by perivascular lymphocytes
and parenchymal phagocytes in MS lesions

CD52 is present on the cell surface of the vast
majority of lymphoid cells and many other hemat-
opoietic cells. Here, we defined CD52 expression
in lesions and adjacent NAWM of progressive
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MS patients. Our data indicate that CD52 is pri-
marily expressed within MS lesions [Figure 1(a)
to (d)]. While CD52 immunoreactivity was high-
est on perivascular infiltrates [Figure 1(b)],
lesional cells faintly expressed CD52 [Figure
1(c)]. In the NAWM, cells resembling microglia,
showing long branching processes and a small
cellular body, weakly expressed CD52 [Figure
1(d)]. Fluorescent staining showed that perivas-
cular CD3* T cells and parenchymal CD68*
phagocytes expressed CD52 [Figure 1(e) to (g)],
and that CD52 abundance was higher on T cells
compared with phagocytes (mean fluorescent
intensity, p <0.001). We did not detect CD20" B
cells within our cohort of MS lesions.

CNS delivery of anti-CD52 mAb does not impact
microglia number and CNS morphology

To define the safety of intrathecal injections of
anti-CD52 mAb, healthy mice were injected
intrathecally with 10 pg/mouse. Three days post-
surgery, animals were sacrificed to assess mor-
phological abnormalities. Despite the expression
of CD52 on resting microglia [Figure 1(d)], anti-
CD52 mAb did not alter the number of IBA1-
expressing microglia in healthy mice [Figure 2(a)
and (b)]. Similarly, by using a hematoxylin/eosin
staining, no morphological changes were observed
in the brain and spinal cord parenchyma [Figure
2(c) and (d)] and choroid plexus [Figure 2(e)] in
animals treated intrathecally with anti-CD52
mADb. No apparent distress or change in behavior
was observed in these animals

CNS delivery of anti-CD52 mAb does not impact
peripheral immune cells in healthy mice
Subcutaneous treatment with anti-CD52 mAb
markedly reduces the number of monocytes and
lymphocytes in the blood, lymph nodes, and
spleen.?1-23 Here, we confirm these findings by
showing that subcutaneous treatment with anti-
CD52 mAb reduces the absolute and relative
numberof CD45 *leukocytes, CD45*CD3+CD4*
T cells, CD45+*CD3+*CD8" T cells, CD45*CD3~
CD19" B cells, and CD11b*Ly6C* inflamma-
tory and CD11b*Ly6c patrolling monocytes in
the spleen of healthy animals compared with
vehicle-treated animals [Figure 3(a) to (c)]. Aside
from reducing the number of CD4* T cells, sub-
cutaneous treatment with anti-CD52 mAb
resulted in 6- and 4-fold inductions of
CD4"FOXP3* Tregs and CD4*IFNG* Thl

cells, respectively [Figure 3(d)]. In contrast to
subcutaneous administration and in agreement
with the inability of anti-CD52 mAb to cross an
intact BBB, intrathecal administration of anti-
CD52 mAb did not change the absolute and rela-
tive number of CD45" leukocytes, CD4" and
CD8" T cells, B cells, and monocytes in the
spleen of healthy animals [Figure 3(e) to (g)].
Similarly, no significant changes in the differen-
tiation of splenic CD4" T cells was observed
[Figure 3(h)]. Collectively, these findings indi-
cate that intrathecally administrated anti-CD52
mADb does not impact the peripheral immune cell
landscape in healthy animals.

CNS delivery of anti-CD52 mAb modestly

reduces EAE disease severity

Ample evidence indicates that subcutaneous treat-
ment with anti-CD52 mAb significantly reduces
EAE severity.21-23 In agreement with these stud-
ies, our data indicate that EAE animals treated
subcutaneously with anti-CD52 mAb (10-14dpi)
did not show any signs of neurological dysfunction
compared with vehicle-treated animals [Figure
4(a) and (b)]. In concordance with the reduced
EAE disease severity, anti-CD52 mAb-treated
mice showed a decreased presence of CD3" T
cells and F4/80* phagocytes in their spinal cord
[Figure 4(c) and (d) and Supplemental Figure
S1). To define the impact of intrathecally admin-
istrated anti-CD52 mAb on EAE disease severity,
EAE-affected animals were treated once with anti-
CD52 mAb at 10 or 20dpi. Our data indicate that
anti-CD52 mAb reduces EAE disease severity in
the chronic disease phase when administered
10dpi [Figure 4(e) and (f)]. Immunohistochemical
analysis further demonstrated a reduced presence
of CD3" T cells in the spinal cord of these animals
[Figure 4(g)]. F4/80" phagocytes showed a non-
significant reduction in the spinal cord [Figure
4(h)]. EAE animals treated intrathecally with anti-
CD52 mAb at 20dpi showed a much reduced
effect as compared with administration 10dpi
[Figure 4() to (1)].

Flow cytometric analysis showed that intrathecal
treatment of EAE animals with anti-CD52 mAb
at 10dpi reduces the absolute and relative num-
ber of CD4* and CD8" T cells [Figure 5(a) and
(b)]. However, the reduction in lymphocytes was
far less pronounced compared with animals
treated subcutaneously with anti-CD52 mAb
[Figure 3(a) and (c¢)]. Interestingly, the number
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Figure 3. CNS delivery of anti-CD52 mAb does not impact peripheral immune cells in healthy mice. Flow
cytometric analysis of immune cell subsets in the spleen of healthy mice treated subcutaneously (a-d) or
intrathecally (e=h) with vehicle (PBS, n=5) or anti-CD52 mAb (n=5). Data are depicted as absolute number of
immune cell subsets (a, b, e, f], relative number of immune cell subsets [c, g, and percentage of IFNG*, IL17+,
IL4*, and FOXP3+ cells in the CD4+ T cell pool (d, h). All replicates were biologically independent.

Data are shown as mean + SEM.
*p < 0.05.
**p<0.01.

of splenic inflammatory Ly6Ck monocytes was
significantly increased upon intrathecal treatment
with anti-CD52 mAb at 10dpi [Figure 5(a) and
(b)]. No significant changes in the polarization of
CD4+, CD8*, and CD19* T and B cells were
observed [Figure 5(c) and Supplemental Figure
S2(a)]. When EAE animals were treated intrathe-
cally with anti-CD52 mAb at 20dpi, a significant
decrease in absolute and relative number of
splenic CD4" and CD8* T cells and B cells was
observed. Again, the reduction in lymphocyte
number was far less pronounced compared with
subcutaneously treated animals [Figure 3(a) to
(d)]. Similar to animals that were intrathecally
treated with ani-CD52 mAb at 10dpi, the num-
ber of inflammatory Ly6Ch monocytes was sig-
nificantly increased in animals treated with
anti-CD52 mAb at 20dpi [Figure 5(d) and (e)].
No significant changes in the polarization of
splenic CD4*, CD8", and CD19* T and B cells
were observed [Figure 5(f) and Supplemental
Figure 2(b)].

Discussion

Systemic administration of alemtuzumab reduces
disease severity in RR-MS patients. However, its
efficacy in progressive forms of MS is limited,
which may reflect the inability of alemtuzumab to
cross the reconstituted BBB in progressive MS
patients. In this study, we show that a single
intrathecal injection of anti-CD52 mAb in either
the acute or the chronic phase of EAE modestly
reduces disease severity. Reduced disease severity
was associated with a decrease in lymphocyte
number in the CNS as well as in the spleen.
Previous studies demonstrated that five consecu-
tive intraperitoneal or subcutaneous injections of
anti-CD52 at disease onset attenuate EAE dis-
ease severity.21-25> However, multiple intraperito-
neal injections at the disease peak only marginally
improved EAE severity,?* and no effect was
observed when treatment was initiated in the
chronic disease stage.?> These studies emphasize
the limited therapeutic efficacy of peripherally
administered anti-CD52 antibodies in chronic

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 11

Subcutanuous (10-14 dpi)

(a)

~
(@]
~

(d)

2.5+ S - S P . 80+ x 100+ x
B
2.04 - ~ 804
3 l 2 € 801 E
= E
g o 151 l 154 € P
° 8 ‘2’ 2 40 %
? 1.0 104 3 = 40
) o
° l 3 20 5
£ 05 I 54 © L 20
>
° 0.0 0- 0- 0-
5 10 15 20 Total Acute Chronlc
dpi (1-24 dpi) (11-19 dpi) (20-24 dpi)

Intrathecal (10 dpi)

—
¢
~—

~
0}
~

(h)

3.0- 50 * 150+ = 300+
N
8 251 40 . ~
) R NE
& 2.0 E 100 € 200
< o 304 £ £
g 1.54 9 2 2
° <2 ; s
© 1.0 @ 504 & 1004
S o e
. il I Ts
° 0.0 T T T T 0- 0- o
5 10 15 20 25 30 Total Acute Chronlc
dpi (1-24 dpi) (11-19 dpi) (20-32 dpi)
(1) Intrathecal (20 dpi) (J) (k) (1)
3.01 50 40, 0101 150+
g 2] |
8 25 404 —
o <& 30 &
p £ €
£ 2.04 £ £ 1004
< [ 304 = :
3 1.54 S 2 20+ 3
o < ] 8
204 4 Y
o 1.04 @ & 501
g o 104 5
§ 0.54 104
° 0.0 T T T T 0- 0- 0-
5 10 15 20 25 30 Total Acute Chronlc
dpi (1-24 dpi) (11-19 dpi) (20-32 dpi)

Figure 4. Central nervous system (CNS) delivery of anti-CD52 mAb modestly reduces experimental
autoimmune encephalomyelitis (EAE) disease severity and the number of immune cells in the CNS. EAE
animals were treated subcutaneously [10-14 days post-immunization (dpi)] or intrathecally (10dpi or 20 dpi)
with vehicle (n=10 for all experiments) or anti-CD52 mAb (subcutaneous, n=10; intrathecal 10dpi, n=8;
intrathecal 20dpi, n=10). Disease severity is depicted by showing the disease course [(a, e, i) arrows represent
injections] and cumulative disease score (b, f, j), which was assessed by measuring the area under the curve
(AUC). CD3 and F4/80 immunofluorescent staining was used to quantify the number of T cells and phagocytes

in the CNS (c, d, g, h, k, U].

Data are represented as mean * SEM.
*p < 0.05.

**p<0.01.

***p<0.001.

EAE and are consistent with the inability of alem-
tuzumab to reduce disease severity in progressive
MS patients. Our findings now highlight the ther-
apeutic benefit that intrathecal delivery of alem-
tuzumab may have in these patients.

We show that intrathecal treatment with anti-
CD52 mAb modestly reduces EAE disease sever-
ity and the neuroinflammatory burden. Based on
our assumption that the anti-CD52 mAb is una-
ble to cross the reconstituted BBB as well as the

low ratio of CSF volume to blood volume, we
opted for a single low-dose intrathecal injection to
eliminate immune cells within the CNS.
Retrospectively, intrathecal administration of
anti-CD52 mAb is likely more efficient in reduc-
ing EAE disease severity when administered mul-
tiple times at a higher dose, similar to the
subcutaneous treatment regime used in RR-MS
patients.!~* Given that the anti-CD52 mAb was
able to enter the circulation in EAE animals once
injected in the CSF, this treatment regime will
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Figure 5. Central nervous system delivery of anti-CD52 mAb impacts peripheral immune cells in
experimental autoimmune encephalomyelitis (EAE) mice. Flow cytometric analysis of immune cell subsets in
the spleen of EAE mice treated intrathecally at 10 days post-immunization (dpi) (a=c) or 20 dpi (d-f) with vehicle
or anti-CD52 mAb (n=4). Data are depicted as absolute number of immune cell subsets (a, dJ, relative number
of immune cell subsets (b, e], and percentage of IFNG*, IL17*, IL4*, and FOXP3* cells in the CD4* T cell pool

(c, fl. All replicates were biologically independent.
Data are represented as mean = SEM.
*p < 0.05.

lead to a prolonged and increased concentration
of anti-CD52 mAb in the CNS. Moreover, it
would more efficiently reduce systemic inflamma-
tion once drained to and diluted in the circula-
tion. By using an intrathecal pump system, future
studies should define the impact of prolonged
intrathecal administration of anti-CD52 during
the acute and chronic stage of EAE on disease
severity. Such experiments would not only estab-
lish whether intrathecal administration at the
acute phase is as effective as subcutaneous treat-
ment, but also whether intrathecal anti-CD52
mADb treatment at the chronic stage represents a
therapeutic strategy for treating progressive MS
patients.

Our data indicate that intrathecally administered
anti-CD52 mAb does not impact the number and
differentiation of peripheral immune cells in
healthy animals. Counterintuitively, a minor
decrease in lymphocyte number was observed in

EAE animals treated intrathecally with anti-
CD52 mAb, indicating that it did not remain
within the CNS in these animals. Given that a
recent study reported that the BBB shows signs of
leakiness in the chronic stages of the EAE model,2°
these findings might indicate that the observed
peripheral immune cell depletion is a conse-
quence of the experimental model. On the other
hand, while the venous route for CSF drainage
restricts passage of large monoclonal antibodies
to the serum, CNS lymphatics can provide
aCD52 mADb access to the periphery,?? in particu-
lar in inflammatory settings.?® Interestingly,
intrathecally injected rituximab, a monoclonal
antibody directed against the B cell marker CD20,
was recently found to deplete peripheral B cells in
a manner comparable to systemically adminis-
tered anti-CD20 in the EAE model.?° Similar, in
a phase I dose-escalation study of intrathecal
rituximab monotherapy in patients with recurrent
CNS non-Hodgkin’s lymphoma, rituximab was
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found to accumulate in the serum.?® Given that
progressive MS patients continue to develop
inflammatory lesions and display ongoing sys-
temic inflammation, depletion of both peripheral
and CNS immune cell subsets upon intrathecal
delivery of alemtuzumab might enhance its thera-
peutic benefit in progressive MS patients.
However, in our experimental model, it makes it
challenging to distinguish primary CNS effects
from secondary peripheral effects upon intrathe-
cal delivery of anti-CD52 mAb.

While CNS delivery of anti-CD52 mAb resulted
in a reduced presence of peripheral T and B cells
in EAE mice, a marked increase in inflammatory
Ly6CM monocytes was observed. Previous studies
defined a disease-promoting role of Ly6 CP mono-
cytes during autoimmune inflammation of the
CNS, in particular during the acute inflammatory
response.3:32 However, a more recent study
showed that Ly6CM monocytes are protective in
an animal model of ischemic stroke by promoting
M2 macrophage polarization.?? Similar, selective
ablation of Ly6Ch monocytes was demonstrated
to impair recovery after liver damage.3* To what
extent the protective impact of anti-CD52 mAb
in our experiments relies on the increase of these
disease-resolving Ly6Ch monocytes remains to
be determined. Furthermore, it is unclear why the
number of splenic Ly6CM monocytes but not
Ly6Cle monocytes increases upon intrathecal
administration of anti-CD52 mAb. A recent
study showed that the kinetics underlying the
generation and differentiation of monocyte sub-
sets differs in humans.3> Classical monocytes,
resembling Ly6Ch monocytes, were the first sub-
set to repopulate the circulation after endotoxin-
induced monocytopenia. Hence, our findings
might merely reflect the sequence of monocyte
repopulation. On the other hand, alemtuzumab
has already been reported to selectively expand
innate CD56Pright NK cells,3° suggesting that leu-
kocyte depletion by anti-CD52 mAb not only
‘reboots’ but also ‘rewires’ the immune system.

Despite the expression of CD52 on resting micro-
glia, our data indicate that CNS delivery of anti-
CD52 mAb does not impact microglia number in
healthy mice. While these data may implicate the
inability of anti-CD52 mAb to penetrate the
healthy CNS parenchyma, the observed absence
in responsiveness to the cytolytic effects of anti-
CD52 mAb may also be associated with the rela-
tively low expression of CD52 on microglia. With

respect to the latter, various studies highlighted
that the concentration of CD52 antigenic deter-
minants is essential for the cytolytic effects of
anti-CD52 mAb.37:3% For instance, in patients
with chronic lymphocytic leukemia, alemtuzumab
efficiently reduces the number of blood but not
skin dendritic cells, which was closely associated
with differences in the expression of CD52.37
Moreover, the response to alemtuzumab in
patients with different forms of leukemia corre-
lates with the expression level of CD52 on lym-
phocytes.?8 Of note, a recent study defined that
systemic anti-CD52 mAb affects microglia mor-
phology in the EAE model without perturbing
their function.?* We did not observe visual altera-
tions in microglia morphology in our experiments.
This discrepancy may reflect differences in the
experimental design and tissue analysis (e.g.
divergent treatment regime and analysis of diver-
gent anatomical regions). Regardless of this ambi-
guity, our findings and those of Ellwardt er al.
indicate that intrathecal administration of anti-
CD52 mAb does not have adverse effects through
the depletion or functional modulation of CNS-
resident microglia.

In summary, our findings suggest that the com-
bined peripheral and CNS cell depleting effects of
intrathecally administered anti-CD52 mAb ren-
ders it suitable for treating chronic as well as acute
forms of MS. However, follow-up studies are
warranted to certify this claim. Moreover, future
studies should define whether single and repeated
intrathecal administrations of anti-CD52 mAb
lead to severe and fatal adverse events. With
respect to the latter, subcutaneous treatment with
alemtuzumab can lead to intracranial hemorrhage
and secondary autoimmunity, as well as several
other severe and fatal conditions.?®
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