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Abstract Non-human primate models of human disease have
an important role in the translation of a new scientific finding
in lower species into an effective treatment. In this study, we
tested a new therapeutic antibody against the IL-7 receptor α
chain (CD127), which in a C57BL/6 mouse model of exper-
imental autoimmune encephalomyelitis (EAE) ameliorates
disease, demonstrating an important pathogenic function of
IL-7. We observed that while the treatment was effective in
100 % of the mice, it was only partially effective in the EAE
model in common marmosets (Callithrix jacchus), a small-
bodied Neotropical primate. EAE was induced in seven fe-
male marmoset twins and treatment with the anti-CD127
mAb or PBS as control was started 21 days after immuniza-
tion followed by weekly intravenous administration. The anti-

CD127 mAb caused functional blockade of IL-7 signaling
through its receptor as shown by reduced phosphorylation of
STAT5 in lymphocytes upon stimulation with IL-7. Group-
wise analysis showed no significant effects on the clinical
course and neuropathology. However, paired twin analysis
revealed a delayed disease onset in three twins, which were
high responders to the immunization. In addition, we observed
markedly opposite effects of the antibody on pathological
changes in the spinal cord in high versus low responder twins.
In conclusion, promising clinical effect of CD127 blockade
observed in a standard inbred/SPF mouse EAE model could
only be partially replicated in an outbred/non-SPF non-human
primate EAE model. Only in high responders to the immuni-
zation we found a positive response to the treatment. The
mechanism underpinning this dichotomous response will be
discussed.

Keywords Lymphopoiesis . Autoimmunity .
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Abbreviations
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ALN Axillary lymph node
CLN Cervical lymph node
CNS Central nervous system
cpm Counts per minute
EAE Experimental autoimmune encephalomyelitis
IFA Incomplete freunds adjuvant
ILN Inguinal lymph node
LLN Lumbar lymph nodes
MNC Mononuclear cells
MS Multiple sclerosis
PBMC Peripheral blood mononuclear cells
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PD1 Programmed death receptor 1
PLP Proteolipid protein
rhMOG Recombinant human myelin oligodendrocyte

glycoprotein
SLO Secondary lymphoid organ
SPF Specific-pathogen free

Introduction

IL-7 is a type 1 cytokine family member that plays a crucial
role in both lymphopoiesis and homeostasis of B and T lym-
phocytes (Namen et al. 1988). The IL-7 signaling pathway has
raised much interest as target of immunotherapy in human
autoimmune disease. Recent findings showed that blockade
or deletion of the IL-7 receptor ameliorates T-cell-mediated
autoimmune disease, such as in C57BL/6 and SJL/J mice
models of experimental autoimmune encephalomyelitis
(EAE); the animal model for MS (Ashbaugh et al. 2013; Lee
et al. 2011; Walline et al. 2011).

Signaling is mediated through binding of IL-7 to a hetero-
dimeric receptor composed of a common γ chain (CD132)
shared between several cytokine receptors, paired with an
IL-7 receptor-specific α chain (IL-7Rα/CD127) (Mackall
et al. 2011). Under normal circumstances, engagement of the
IL-7R by IL-7 on naive and memory T cells exerts anti-
apoptotic effects, resulting in increased cell survival (Mackall
et al. 2011). Whereas IL-7R is typically down-regulated on T
cells after activation, it is selectively up-regulated on popula-
tions destined to develop into memory T cells (Kaech et al.
2003). IL-7 has also been shown to drive the expansion of
high avidity, myelin-specific CD4+ T cells isolated from pe-
ripheral blood mononuclear cells (PBMC) from multiple scle-
rosis (MS) patients (Bielekova et al. 1999) and elevated plas-
ma levels of IL-7 are associated with disease severity in sys-
temic juvenile rheumatoid arthritis patients (Bielekova et al.;
Yilmaz et al. 2001). A direct relationship between IL-7 and
psoriasis has been found (Bonifati et al. 1997). Collectively,
these data highlight the IL-7 signaling pathway as an attractive
therapy target in autoinflammatory disease.

The aim of the current study was to test whether the prom-
ising and robust clinical effects observed in the inbred/
specific-pathogen free (SPF) mouse EAE models, could be
replicated in an outbred, non-SPF model more closely related
to humans. We used a well-established EAE model in the
common marmoset (Callithrix jacchus). EAE was induced
by immunization with peptide 34–56 of human myelin oligo-
dendrocyte glycoprotein (MOG34-56) in incomplete Freund’s
adjuvant (IFA) (Jagessar et al. 2010). Previous findings hint at
a role for the IL-7 signaling pathway in EAE developing in
marmosets immunized with recombinant human myelin oli-
godendrocyte glycoprotein (rhMOG)/CFA. Depletion of
CD20+ B cells in the marmoset EAE model inhibits the

activation and lymph node emigration of T cells and conse-
quently prevents the development of clinical symptoms and
pathology (Jagessar et al. 2012; Kap et al. 2010; Kap
et al. 2014). In B-cell depleted marmosets, CD127 expression
on T cells was not down-regulated, but IL-7 mRNA levels
were profoundly suppressed (Kap et al. 2014). In addition,
in B-cell depleted marmosets the viral load of CalHV3, which
is the marmoset lymphocryptovirus equivalent of Epstein-
Barr virus (EBV), was reduced (Jagessar et al. 2013a). The
human EBV+ B cell constitutively secretes IL-7 (Benjamin
et al. 1994), suggesting that the CalHV3+ B cell is one of
the IL-7 sources in the marmoset EAE model.

The experiment comprised seven marmoset twins. Frater-
nal siblings were treated with a chimeric mAb raised against
human CD127 blocking IL-7 mediated signaling in marmoset
mononuclear cells, or PBS as control. The weekly treatment
was started 21 days after immunization, well after priming and
clonal expansion of autoreactive Tand B cells. Here, we report
that contrary to a profound clinical effect on EAE of CD127
blocking observed in inbred, SPF mice, blockade of CD127 in
the outbred conventionally housed marmoset did not exert a
general beneficial effect on the clinical course of EAE. Exam-
ination of a possible effect in individual twins, we observed a
delayed EAE onset in three twins, which similar to the
C57BL/6 mouse strain were high responders to sensitization
against MOG.

In conclusion, the data obtained in the marmoset EAE
model only partially replicate the robust clinical effect of
anti-CD127mAb inmouse EAE and predict that only a subset
of patients will show a clinical response against the treatment.

Material and Methods

Animals

Seven adult (female, age ranging between 2 and 5 years) out-
bred common marmoset twins were obtained from the
purpose-bred colony at the Biomedical Primate Research Cen-
tre (Rijswijk, Netherlands).

Fraternal twin siblings were equally and randomly divided
over two groups such that the two experimental groups each
contained one sibling of each twin. The placebo-treated group
had an average (± SD) body weight of 421±50 gram and the
anti-CD127 mAb-treated group had an average body weight
of 394±42 gram. The groups had an average age of 42±
10 months. All experimental procedures were reviewed and
approved by the Institute’s Animal Ethics Committee and an-
imals were housed and handled according to the Dutch Law
on animal experimentation. The animal facilities of BPRC
have been inspected and accredited by the Association for
Assessment and Accreditation of Laboratory Animal Care In-
ternational (AAALAC) in full.
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EAE Induction

EAE was induced with a synthetic peptide representing amino
acids 34–56 of human MOG (MOG34-56; Peptide 2.0 Inc,
Chantilly, VA) emulsified in IFA (Difco Labs, Detroit, MI).
The inoculum contained 100 μg MOG34-56 in 200 μl PBS
and was emulsified in 200 μl IFA by gentle stirring for at least
1 h at 4 °C. The emulsionwas injected as 4 spots of 100μl into
the dorsal skin under sedation by alfaxalone (10 mg/kg
alfaxan; Vetoquinol, Den Bosch, The Netherlands) with
booster immunizations occurring every 28 days until develop-
ment of overt neurological disease (EAE score≥2) was ob-
served. Marmosets were monitored and scored daily based
upon a standard scoring system (Haanstra et al. 2013). Briefly,
score 2=ataxia or optic disease; and 2.5=paresis of two limbs.
For ethical reasons monkeys were sacrificed once paresis of
two or more limbs (score≥2.5) was observed.

Anti-CD127 mAb Administration

The test substance (21D8) was a chimeric mAb raised against
marmoset CD127. The chimeric Ab was generated by fusing
the VH and Vκ gene of mAb 21D8 with that of human IgG1
constant region and of the κ chain constant region, respective-
ly. This recombinant anti-CD127 mAb was produced by
Pfizer Inc. (San Francisco, CA) and injected intravenously
such that animals received 10 mg/ml/kg per treatment. Frater-
nal control siblings were administered 1 ml PBS/kg body
weight. Dosing was performed once a week starting at 21 days
after immunization and continued for 14 weeks.

Blood and Tissue Collection

Marmosets reaching EAE score 2.5 were sedated by intramus-
cular injection of alfaxalone for collection of venous blood
volume of 1.5 ml. Marmosets were subsequently euthanized
by infusion of sodium pentobarbital (Euthesate®; Apharmo,
Duiven, The Netherlands). Upon necropsy, lymph nodes from
axillary (ALN), inguinal (ILN), lumbar (LLN) and cervical
(CLN) regions as well as the spleen were harvested. The brain,
spinal cord, and optic nerve were collected for histology
(formalin) and immunohistochemistry (snap frozen in liquid
nitrogen).

Venous blood was collected from the femoral vein into
EDTA-vacutainers every other week during the course of the
study and at necropsy. PBMC from blood and mononuclear
cells (MNC) from secondary lymphoid organs (SLO) were
isolated as previously described (Jagessar et al. 2013b).

Proliferation Assay

MNC isolated from peripheral blood or SLO were tested for
proliferation againstMOG34-56 (5μg/ml), rhMOG (5μg/ml),

ovalbumin (Ova; 5 μg/ml), and ConA (5 μg/ml) as described
previously (Jagessar et al. 2013b). Incorporation of 3H-Thy-
midine (0.5 μCi/well) was determined using a matrix 9600 β-
counter (Packard 9600; Packard Instrument Company, CT).
Results are expressed as stimulation index, which is calculated
by dividing the counts per minute (cpm) of stimulated cells by
the cpm of unstimulated cells. A stimulation index above 2 is
set as cut-off for a positive proliferative response.

Cellular Phenotyping

PBMC andMNC from SLOwere phenotyped by flow cytom-
etry (Jagessar et al. 2013b). Briefly, cells were stained with a
violet viability stain (Invitrogen, Molecular Probes, Carlsbad,
CA) to exclude dead cells followed by an FcR blocking re-
agent (Miltenyi Biotec). Subsequently, cells were stained with
commercially available mAb against CD3 (SP43-2), CD4
(L200), CD27 (MT721), CD45RA (5H9), CD56 (NCAM
16.2), and HLA-DR (L243) (All from BD Biosciences, San
Diego, CA); CD279 (J105) and CD127 (ebioDR5) (both from
Ebiosciences, San Diego, CA); CCR7 (150503, R&D sys-
tems, Minneapolis, MN); CD20 (H299, Beckman Coulter.
Pasedena, CA); CD40 (B-B20, Abcam, Cambridge, UK),
and CD8 (LT-8, Serotec, Dusseldorf, Germany). Cells were
fixed in 1 % Cytofix (BD Biosciences).

Flow cytometric measurements were performed utilizing
the FACS LSRII and data was analyzed with FlowJo software
(Treestar, Ashland, OR). The gating strategy to determine
phenotype was as follows: live cells were first selected as
violet viability stain negative cells. Next, lymphocytes were
identified based on forward scatter (FSC) and side scatter
(SSC). Within the live lymphocyte population, CD3− and
CD3+ cells were determined. Within the CD3+ T cell popula-
tion, CD4+CD8− and CD4−CD8+ cells were distinguished.
Within these subpopulations, other markers, such as CCR7
and PD1, were analyzed. The figures show the percentage of
cells within the parent gate, which is indicated before the
forward slash (/).

In Vitro Phosphorylation of STAT5 as Bioassay for IL-7
Signaling

Phosphorylation of STAT5 (pSTAT5) was measured in PBMC
and MNC obtained from SLO. Briefly, 2x105 cells were stim-
ulated with 1 ng/ml recombinant human IL-7 (rIL-7,
Peprotech, Rocky Hill, NJ) for 15 min at 37 °C. Cells were
fixed with 1 % Cytofix (BD Biosciences) and permeabilized
with 100 % methanol (VWR, Amsterdam, The Netherlands)
for 10 min at 4 °C. After washing, cells were stained with
mAb directed against pSTAT5, CD3 and CD4 (BD Biosci-
ences). Flow cytometric measurements were performed utiliz-
ing the FACS LSRII (BD Biosciences) and data were ana-
lyzed with FlowJo software (Treestar). Lymphocytes were
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identified based on forward scatter (FSC) and side scatter
(SSC). Within the lymphocyte population, CD3+ cells were
determined, which were subsequently divided into CD4− and
CD4+ cells. An Ab against CD8 could not be included due to
limited availability of fluorochromes resistant to methanol.
Within the CD4− and CD4+ populations, cells positive for
pSTAT5 were selected.

Quantitative PCR

The isolation of RNA and the qPCR assay were performed as
described previously (Jagessar et al. 2013b). Briefly, isolation
of RNA from snap frozen spleen and lymph nodes was per-
formed using an RNeasy minikit following manufacturer’s
protocol (Qiagen, Hilden, Germany). cDNAwas synthesized
from mRNA using the RevertAid First Strand cDNA Synthe-
sis Kit (Fermentas, St. Leon-Rot, Germany) and qPCR was
performed using an iTaq supermix and CFX96 Real-Time
system (Bio-Rad, Hercules, CA). Transcript levels were nor-
malized against the reference gene Abelson (ABL) (Beillard
et al. 2003).

Immunohistochemistry and Histology

Immunohistochemical staining was performed on paraffin
embedded tissue isolated at necropsy. Paraffin sections were
cut into 3-5 μm, deparaffinized and stained with
haematoxylin/Eosin and Luxol Fast Blue/Periodic Acid Schiff
to assess inflammation and demyelination. Tissue sections
were also stained with anti-CD3 for T cells (A0452; Dako),
anti-MRP14 for macrophages (BMA Biomedicals, Switzer-
land), anti-CD20 for B cells (clone L26; Thermo Scientific)
and an Ab against proteolipid protein (PLP, MCA 839G;
Serotec,UK).

Inflammation was visualized by staining infiltrating cells
with hematoxylin and eosin, CD3, CD20, or MRP14. The
inflammatory index of the spinal cord is given as the average
number of inflamed blood vessels/spinal cord cross section. A
total of 10–12 sections per animal were analyzed. WM demy-
elination in the spinal cord was measured on a total of 10–12
cross sections by using a morphometric grid. Demyelination
in the brain was determined as follows: brain sections stained
for LFB/PAS were scanned at 1000 dpi with an Agfa Duoscan
scanning device. Images were then imported in the public
domain program ImageJ (version 1.46r). In density slice
mode, first the total amount of white matter was measured.
Lesions inWMwere selected by freehand mode and their size
was measured. Finally the demyelination in WM was calcu-
lated as percentage of total WM. Six sections of the brain of
each animal were analysed, amounting to approximately
6 cm2 of WM in total.

Statistics

Clinical data are presented as survival curves (Kaplan-Meier
estimator). Difference in (disease-free) survival was statistical-
ly tested using the Log-Rank test. Grouped data are presented
as box and whisker plots with the box extending from the 25th
and 75th percentiles, the whiskers extending frommin to max,
and the median data point being shown as a line. Individual
data is presented as dot plots, with bars indicating mean
values. Statistical analysis was performed using Prism 6.0b
for Mac OS X. Data was analyzed using the Mann–Whitney
U test. p<0.05 was considered statistically significant.

Results

Functional Blockade of CD127

Functional blockade of marmoset CD127 by the anti-CD127
mAb was analyzed on biweekly-collected PBMC and on
MNC isolated from SLO taken at necropsy. Cells were stained
with a commercially available fluorochrome-labeled anti-hu-
man CD127mAb (anti-CD127-FITC; ebioDR5). In vitro tests
showed that this labeled detection Ab binds to an overlapping
epitope as the therapeutic anti-CD127 mAb (data not shown).
Therefore, a reduction of CD127+ cells shows that CD127 is
occupied by the therapeutic anti-CD127 mAb or that CD127+

cells are deleted.
Figure 1a shows clearly reduced binding of anti-

CD127-FITC mAb to CD4+ and CD8+ T cells in PBMC
collected at 1, 3 and 5 weeks after first administration (on
psd 21) of the therapeutic (anti-CD127) mAb. However,
the level of anti-CD127-FITC binding increased progres-
sively in the mAb treated group and the difference between
treated and control groups became negligible beyond day
70, indicating decreasing occupancy of CD127 by the ad-
ministered therapeutic mAb. The reduction was equally
strong in the CD4+ and CD8+ T-cell compartments. Nev-
ertheless, at necropsy a significantly lower percentage of
anti-CD127-FITC mAb binding to CD4+ and CD8+ MNC
from blood, spleen, and ALN was detected (Fig. 1b), sug-
gesting that the test substance was still biologically active.
CD127 blockade did not induce a compensatory mecha-
nism of enhanced IL-7 or CD127 mRNA expression
(Fig. 1c).

To assess whether in vivo blockade of CD127 by the ther-
apeutic mAb abrogated IL-7 signaling, the phosphorylation of
STAT5 was analyzed after ex vivo exposure of MNC to IL-7.
MNC from venous blood or SLO were stimulated with
1 ng/ml IL-7 for 15min and subsequently stained for pSTAT5.
The percentages of pSTAT5+ T cells following first adminis-
tration of the therapeutic mAb were significantly reduced
(Fig. 2a), correlating with the significantly reduced binding
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of anti-CD127-FITC mAb. The percentage of cells positive
for pSTAT5 was also reduced in MNC from SLO, although
inhibition was not significantly different between control and
treated animals (Fig. 2b).

In conclusion, the therapeutic anti-CD127 mAb displayed
significant in vivo target cell binding as well as biological
activity in the marmoset EAE model. Although the effect is
detectable in the blood for a limited period of time, it could
still be detected in the lymphoid tissue compartment analyzed
at necropsy.

Weekly Administration of Anti-CD127 mAb did not
Result in General Protection Against EAE

Marmosets immunized with MOG34-56/IFA were
assessed daily for clinical signs of EAE (Supplemental
Figure 1). Marmosets were humanely sacrificed upon

reaching EAE score 2.5, or at a predetermined end date
(psd 150). The survival curves in Fig. 3 show a modest
delay in the onset of neurological deficits in the group
receiving the anti-CD127 mAb, although the effect was
not statistically significant. In one set of twin siblings
(M10033/10034) we did not observe signs of neurolog-
ical deficit; therefore, they were withdrawn from the
experiment alive and excluded from further postmortem
immunological analysis.

Inflammation and demyelination in the central nervous sys-
tem (CNS) are pathological hallmarks of EAE. No significant
differences were observed between treated and control ani-
mals with respect to inflammation and demyelination when
analyzed as complete groups (Fig. 3b).

In conclusion, no significant effect of the anti-CD127 mAb
on the clinical course and pathology was observed in the mar-
moset EAE model.

Fig. 1 The anti-CD127 mAb blocks CD127 on T cells in the periphery
and secondary lymphoid organs. Paired marmoset siblings received
weekly intravenous injection of anti-CD127 mAb or placebo. PBMC
were isolated every 2 weeks and MNC from secondary lymphoid
organs were obtained at necropsy. CD127 blockade was analyzed by
flow cytometry. A, The percentage of CD127+ cells in PBMC relative
to day 0, i.e., 21 days before treatment. Shown is mean±SEM of the 7
animals per group. The x-axis represents the post sensitization day. Note
that during the disease course, the number of animals in the group
averages decreases due to ethical withdrawal from study. B, The

percentage of CD127+ cells within the CD3+CD4+ and CD3+CD8+ T
cells isolated from blood and secondary lymphoid organs harvested at
necropsy. Each Box-Whisker plot represents 7 animals. C, IL-7 and
CD127 mRNA expression levels were determined by qPCR. Shown is
the expression relative to the reference geneABL. The number of animals
included per organ differed due to availability of material: PBS-treated
marmosets: spleen n=6, ALN n=7, ILN n=5, LLN n=4; Anti-CD127
mAb treated marmosets: spleen n=5, ALN n=5, LLN n=5, ILN n=6.
Statistical significance (P<0.05) is indicated by an asterisk
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Blockade of CD127 did not have a General Effect on T-cell
Survival and Expression of Activation Markers

Hematological parameters were assessed during the course of
the study. No treatment-related alterations in the percentages

of monocytes, neutrophils and lymphocytes were observed
(Supplemental Figure 2). Flow cytometric analysis revealed
no change in the percentage of total CD3+ T cells, CD4+ T
cells or CD8+ T cells, neither in PBMC nor in the SLO (Sup-
plemental Figure 2). In addition, no alterations were observed

Fig. 2 Inhibition of STAT5 phosphorylation by anti-CD127 mAb. PBMC
were isolated every 2 weeks and MNC from secondary lymphoid organs
were obtained at necropsy. Cells were stimulated with 1 ng/ml recombinant
IL-7 for 15 min and stained for pSTAT5. The percentage of pSTAT5+ cells
was analyzed by flow cytometry for CD3+CD4+ and CD3+CD4− cells. A,
The percentages of pSTAT5+ cells within the CD4+ or CD4− T cell

populations during the EAE course relative to day 0 are shown. The x-axis
represents the post sensitization day. Shown is mean±SEM for 7 marmosets
per group. Note that during the disease course the number of animals in the
group averages decreases. B, Shown are the percentages (y-axis) of pSTAT5+

cells within the CD4+ or CD4− T cell compartment of MNC obtained at
necropsy. Statistical significance (P<0.05) is indicated by an asterisk

Fig. 3 Blockade of CD127
delayed the day of onset of
clinical symptoms in three of the
six twins. Marmosets were
euthanized once they reached a
score 2.5, or at a predetermined
study end date (psd 150). A,
Disease free survival (left graph)
is survival until clinical score 2
and survival (right graph) is
survival until day of sacrifice with
EAE. No significant differences
were observed according to the
Log-Rank test, showing that
treatment had no impact on the
onset of disease (P=0.58) or on
total survival (P=0.67). B, the
inflammatory index of the spinal
cord is given as the average
number of inflamed blood
vessels/spinal cord cross section.
Demyelination in the white matter
is shown as a percentage. No
significant differences were
observed between control and
treated animals
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in the percentage of T cells expressing CD56, a marker for
NK-CTL, or CD45RA, a marker that can be used to distin-
guish naïve and memory T cells (data not shown).

A detailed immune phenotyping for activation and identi-
fication markers was performed during the course of the study
and at necropsy. Blockade of CD127 had a significant effect
on the percentage of CCR7+ T cells in PBMC at necropsy
(Fig. 4a), which was not observed in biweekly bleedings (data
not shown). This effect was seen both in CD4+ and CD8+ T
cells regardless of CD45RA expression (data not shown). De-
spite an apparent trend toward reduced PD1 expression on
CD8+ T cells isolated from the ALN at necropsy, no statisti-
cally significant treatment effects in PD1 expression in both
CD4+ and CD8+ T cells during biweekly bleedings or at nec-
ropsy were observed (Fig. 4b).

In addition, we observed different CD27 expression in
CD4+ PBMC at psd 42 and 112 (Fig. 4c). However, at nec-
ropsy no difference in the CD4+ subset was observed (data not
shown). These findings are compatible with immunological
changes associated with EAE onset, which are abrogated by
the treatment with anti-CD127 mAb.

Prior studies with anti-CD20 mAb in the EAE model in-
duced with MOG34-56/IFA, highlighted an important patho-
genic role of CD20+CD40+ B cells (Jagessar et al. 2012,
2013a). Hence, the effect of the anti-CD127 mAb was tested
on this B cell subset. Figure 5a shows that following immuni-
zation with MOG34-56/IFA increased percentages of
CD3−CD20+ CD40+ MNC, as well as CD3− and MHCII-DR+

MNC were found in PBMC during biweekly bleedings. This
increase was less pronounced in the treatment group (Fig. 5a).
In the lymphoid organs collected at necropsy, there was a trend
towards a reduced percentage of CD3−CD20+CD40+ and
CD3−MHCII-DR+ cells in spleen, ALN and ILN and an in-
creased percentage of CD3−CD20+CD40− cells in the spleen
of anti-CD127 mAb treated monkeys (Fig. 5b). However, the
effect was not statistically significant.

Blockade of CD127 did not Alter T Cells Responses
to Antigen-Stimulation

We investigated whether treatment with the anti-CD127 mAb
altered the proliferative response of T cells to ex vivo

Fig. 4 Frequencies of CCR7, CD27 and PD1 expressing cells are
changed after CD127 blockade. CD127 blockade alters CCR7, CD27
and PD1 expression. CCR7, CD27 and PD1 expression was analyzed
by flow cytometry. Cells were first gated on live lymphocytes, followed
by CD3+ cells that were subsequently divided into CD4+CD8− or
CD4−CD8+ cells a, percentage of CCR7+ cells within the CD3+CD4+

and CD3+CD8+ T cells isolated from blood and secondary lymphoid

organs harvested from control (n=6) and treatment marmosets (n=5) at
necropsy. b, Percentages of PD1 (CD279)+ cells within CD3+CD4+ or
CD3+CD8+ isolated from blood and secondary lymphoid organs from
control (n=6) and treatment marmosets (n=5) harvested at necropsy. c,
Percentage of CD27+ cells within CD3+CD4+ and CD3+CD8+ T cells
isolated from peripheral blood (n=6) at biweekly bleedings. Statistical
significance (P<0.05) is indicated by an asterisk
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stimulation with MOG34-56 or rhMOG. Blockade of CD127
did not significantly alter the proliferative response to
MOG34-56 or rhMOG, neither in PBMC collected during
the disease course (data not shown), nor in MNC from lym-
phoid organs collected at necropsy (Fig. 6a).

Next, the production of a panel of cytokines after ex vivo
stimulation with MOG34-56 and rhMOG was analyzed. The
levels of IFN-γ and IL-2 in supernatants fromMOG34-56 and
rhMOG stimulated MNC were negligible (data not shown).
Although IL-17Awas detected after stimulation, no difference
between the treatment group and control group was observed
(Fig. 6b). Furthermore, no significant differences between
groups were observed for mRNA expression levels of TNF-α,
TGF-β1, IL-10, Foxp3, M-CSF and GM-CSF in total spleen
or LN (data not shown).

Discussion

We report that promising clinical effects of CD127 (IL-7Rα)
blockade in mouse EAEmodels were only partly replicated in

the marmoset EAE model induced by immunization with
MOG34-56 emulsified in IFA. While treatment with anti-
CD127 mAb exerted a robust clinical effect in a genetically
inbredmouse EAEmodel, responses to CD127 blockadewere
less obvious in the marmoset EAEmodel. One explanation for
the different clinical effect of CD127 blockade might be that
EAE in mice and marmosets are driven by different pathogen-
ic mechanisms (‘t Hart et al. 2011). Another explanation may
be the short period that functional blockade of IL-7 signaling
was detectable in blood. However, we noticed that occupancy
and blockade of CD127 by the therapeutic Ab could still be
detected in T cells isolated from blood and SLO harvested at
necropsy, which was often 2 to 4 days after the last dose. In
contrast, the biweekly analysis of CD127 blockade in PBMC
was 7 days after the previous dose. This suggests, in scope of
treatment frequency, that anti-drug antibody development had
negligible impact on study outcome.

One surprising finding was the relatively limited impact of
CD127 blockade on T-cell subsets and responses. Administra-
tion of recombinant IL-7 protein to EAE mice exacerbates
disease while conversely treatment either therapeutically or

Fig. 5 Alterations in B cells after
CD127 blockade. PBMC (n=6)
isolated every 2 weeks (a) and
isolatedMNCwere obtained from
treatment (n=5) and control (n=
6) marmosets at necropsy b were
stained for CD3, MHC Class II,
the B cell marker CD20, and the
co-stimulatory molecule CD40.
Represented are cells within the
live lymphocyte population.
Statistical significance (P<0.05)
is indicated by an asterisk
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prophylactically with anti-IL-7Rα neutralizing mAbmitigates
EAE severity via partial depletion of naïve and effector mem-
ory CD4 and CD8 T cell subsets (Ashbaugh et al. 2013; Lee
et al. 2011; Walline et al. 2011). Although deficiencies in IL-
7R alter both Th1 and Th17 populations, work by Lee et al.
strongly supports the notion that IL-7 plays a role in the de-
velopment of pathogenic Th1 cells, but not the Th17 cell (Lee
et al. 2011). These authors demonstrate that elevated levels of
serum IL-7 predict Th1 driven forms of MS. In addition, mu-
rine and human naïve T cells differentiate into Th1 cells when
stimulated with IL-7 (Lee et al. 2011). Furthermore, anti-
CD127 antibodies mitigate murine EAE severity at the expense
of Th1 responses (Ashbaugh et al. 2013; Lee et al. 2011).
Although we cannot draw conclusions regarding IL-7 in Th1
responses in our model due to limited detection of IFN-γ in our
model, we do show that CD127 blockade had negligible impact
on IL-17A production, regardless of EAE progression.

An important characteristic of the outbred marmoset EAE
model is heterogeneity in clinical and pathological presenta-
tion, which likely reflects genetic differences between individ-
ual monkeys. An interesting observation was an apparent
treatment effect in a subgroup of marmosets, which were all
characterized by fast disease progression. In previous experi-
ments in which twins were used and the therapy failed, we
observed that in most twins EAE develops around the same
day (own unpublished observations). The present study
consisted of 7 bone marrow chimeric twins where one sibling
was treated with anti-CD127 mAb and one sibling with PBS.
When comparing the day of sacrifice with full-blown EAE
between siblings, we observed that in three twins (M09033/
M09034, M09128/M09129, M11019/M11020; Fig. 7a) the
treated animals developed evident neurological impairment
60–90 days later than their PBS-treated siblings. These three

PBS treated siblings developed EAE by day 55 and therefore
these twins are called fast EAE progressors. In the other three
twins that developed EAE at a much later stage and were
therefore slow EAE progressors, no delay was observed in
the treated sibling. In addition, typical EAE-related histologi-
cal changes in the spinal cord histology were also reduced in
the treated sibling of the fast progressor twins (Fig. 7b). This
may indicate that the anti-CD127 mAb blocked a pathogenic
process that drives fast disease progression. Interestingly, we
did observe a lower frequency of CD3−CD20+CD40+ cells in
spleen and lymph nodes of the anti-CD127 mAb treated sib-
lings of the fast EAE progressor twins compared to the PBS
treated siblings (Fig. 7c). Unfortunately the power analysis
performed prior to start of this study, as an ethical requirement
to limit the number of NHP used for research, did not account
for such heterogeneous responses to CD127 blockade and
thus precludes a post hoc analysis. We believe that this het-
erogeneity in response to CD127 blockade highlights chal-
lenges in the translation of data obtained in genetically inbred
models to outbred populations, and may have implications on
future trial design in MS studies.

The IL-7/CD127 pathway likely plays a role in MS patho-
genesis. Polymorphisms of the IL7Rα gene are among the
established non-HLA related immune genetic risk factors for
MS (Lundmark et al. 2007). Enhanced expression of both IL-7
protein and IL-7 mRNA is found in the cerebrospinal fluid of
MS patients, with Tcells isolated from the periphery and CNS
exhibiting increased IL-7R expression (Kreft et al. 2012;
Lundmark et al. 2007). Evidence now suggests that IL-7 pro-
motes cytotoxicity of the CD8+ T cell in the MS patient,
something not seen in healthy cohorts or animal models
(Bielekova et al. 1999; Kreft et al. 2012). Unlike previous
reports of a role in IL-7 in expansion of MBP specific T cells

Fig. 6 CD127 blockade does not affect proliferation or IL-17A
production. a, MNC (n=6) isolated at necropsy were stimulated with
MOG34-56 or rhMOG for 48 h and radiolabeled with 3H-thymidine.
The stimulation index is calculated by dividing the counts per minute
(cpm) of stimulated cells by the cpm of non-stimulated cells. A
stimulation index above 2 is considered as proliferation. No significant

differences in proliferation were observed between treatment and control
animals after ex vivo stimulation byMOG34-56 or rhMOG. b, Supernatants
were analyzed for the production of IL-17A following 48 h stimulation. No
significant differences in IL-17A production were found between treatment
and control animals after ex vivo stimulation by MOG34-56 or rhMOG.
Statistical significance (p<0.05) is indicated by an asterisk
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in MS patients (Bielekova et al. 1999), we did not see alter-
ations in ex vivo MOG34-56 stimulated T cells.

In conclusion, we report that a beneficial effect of CD127
blockade in murine models could not be fully replicated in a
marmoset EAE model. It is pertinent to emphasize here that
most mouse EAE studies in which efficacy of CD127 block-
ade was demonstrated were based on MOG-immunized
C57BL/6 mice. This frequently used strain is selected for its
strong reactivity against MOG. The observation of a positive
clinical response to CD127 blockade in high responder mar-
moset twins implies that the mouse EAE data are essentially
replicated in the marmoset EAE model. The reported data
therefore does not preclude a potential effect of the anti-

CD127 mAb in relapsing-remitting MS in patients, but may
predict that only a sub-group of patients may respond.
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