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Abstract

Protein tyrosine phosphatases (PTPs) play essential roles in regulating signaling events in multiple
cells by tyrosine dephosphorylation. One of them, PTPao, appears important in regulating function
of plasmacytoid dendritic cells (pDC). Here we report that PTPo deletion in knockout mice and
inhibition with a selective antagonist peptide exacerbated symptoms of experimental autoimmune
encephalomyelitis (EAE) by enhancing axon and myelin damage in the spinal cord. PTPo —/-
mice displayed pro-inflammatory profiles in the spinal cord and lymphoid organs following MOG
peptide immunization. PTPo deletion promoted a pro-inflammatory phenotype in conventional
DCs and directly regulated differentiation of CD4+ T cells. It also facilitated infiltration of T
lymphocytes, activation of macrophages in the CNS and development of EAE. Therefore, PTPo is
a key negative regulator in EAE initiation and progression, which acts by regulating functions of
DCs, T cells, and other immune cells. PTPo may become an important molecular target for
treating autoimmune disorders.
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1. Introduction

Multiple sclerosis (MS) is an autoimmune disease characterized by myelin and axonal
damage in the central nervous system (CNS), especially the spinal cord. Following
activation of antigen-presenting dendritic cells, myelin-specific T cells are stimulated in
peripheral lymphoid organs and enter CNS after penetrating the blood-brain barrier (Martino
and Hartung, 1999; Merrill and Benveniste, 1996). T cells that have accessed the CNS
initiate and coordinate immune attack against myelin sheaths by recruiting other
inflammatory cells from the immune system, including activated macrophages and
microglia. Transmigration of activated B lymphocytes and plasma cells contributes to
subsequent damage progression by generating antibodies against myelin structures. The
intensive attack of immune cells and generation of various cytokines induce myelin and
axon damage in the spinal cord and brain (Friese et al., 2006; Hauser and Oksenberg, 2006).
A feature of pathologic change in MS is formation of multiple demyelinated plaques
dispersed in the CNS, predominantly in white matter areas (Friese et al., 2006; Hauser and
Oksenberg, 2006). The accrued myelin and axon damage causes signal conduction failure
along fiber tracts and consequent neurological deficits. In the early stage, most MS patients
follow a relapsing-remitting course with partial or complete recovery, but intermittent
inflammation over time usually results in severe structural damage in the CNS and persistent
impairment of neurological functions. Experimental autoimmune encephalomyelitis (EAE)
is widely employed as an animal model to study human CNS demyelinating diseases,
including MS.

Protein tyrosine kinases (PTKs) and protein tyrosine phosphatases (PTPs) play essential
roles in regulating signaling events in multiple cell types by tyrosine phosphorylation and
dephosphorylation, respectively. PTPs include non-receptor PTPs and receptor PTPs
(RPTPs), which comprise a family of vital cell surface proteins that have intracellular PTP
activity and extracellular domains with sequence homology to cell adhesion molecules. The
RPTP family includes eight sub-families based on their extracellular domain structures. In
contrast to the well-studied PTKSs, the properties of most RPTPs remain unclear, including
their specific substrates, regulation, biological functions and possible roles in human
disorders (Takahashi and Craig, 2013; Um and Ko, 2013). Type Ila RPTPs include three
members in vertebrates, the leukocyte common antigen-related (LAR), PTPo, and PTPS. All
of them contain typical cell adhesion Ig and fibronectin 11 domains, which contribute to
their interactions with the extracellular matrix (ECM) molecules. Structurally, these three
RPTPs have two cytoplasmic tandem regions, the membrane-proximal PTP domain (D1,
catalytically active) and the membrane-distal PTP domain (D2, inactive).

During development, LAR and PTPo are widely expressed by multiple tissues, including the
nervous system, lung, kidney and thymus, while PTP8 is mainly present in the nervous
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system. In mammalian nervous system, presynaptic type-lla RPTPs contribute to synaptic
differentiation of neurons by binding cognate postsynaptic partners through their
extracellular regions and forming trans-synaptic adhesions (Takahashi and Craig, 2013; Um
and Ko, 2013). In immune system, LAR is expressed in immature thymocytes, but it is not
required for T cell development and function (Kondo et al., 2010; Terszowski et al., 2001).
The expression and significance of PTPo in immune system are largely unknown. A recent
study demonstrated that PTPo is expressed in plasmacytoid dendritic cells (pDCs) and
downregulated by pDC activation, and that PTPo deletion induces generation of interferon a
(IFNa) in pDCs (Bunin et al., 2015). Because DC-specific deletion of PTPo on a LAR-
deficient background enhances production of IFN by pDCs, leukocyte infiltration in the
intestine and mild colitis, PTPo appears essential for inhibiting spontaneous IFN production
and immune-mediated intestinal inflammation. Whether PTPa is expressed by other
immune cells and whether it has a role in regulating autoimmune disorders in the nervous
system are unknown. Here, we identify PTPo as an important negative regulator of EAE
development that acts predominantly by regulating functions of immune cells, including
conventional DCs (cDCs), cluster of differentiation 4 (CD4) T lymphocytes, regulatory T
(Treg) cells and others. Suppression of PTPo exacerbated the progression of clinical
symptoms and axonal damage in the spinal cord of mice with EAE. PTPo deficiency
stimulated a pro-inflammatory phenotype in conventional DCs, directly regulated
differentiation of CD4+ T cells, reduced activity of Treg, and facilitated infiltration of T
lymphocytes and activation of macrophages in the CNS. Our findings suggest that PTPo
offers a novel and crucial molecular target for treating MS.

2. Materials and Methods

2.1. Reagents

LPS (Escherichia coli 055:B5), phorbol myristate acetate (PMA), ionomycin, complete
Freund’s adjuvant, Mayer’s Hematoxylin solution, Eosin Y solution and Eriochrome
Cyanine R were purchased from Sigma-Aldrich (St. Louis, MO). MOG peptide fragment
35-55 (MOG3s5_55) was synthesized by CHI Scientific, Inc. (Maynard, MA). Pertussis toxin
was purchased from List Biological Laboratories (Campbell, CA). Histo-Clear 11 was
purchased from National Diagnostics (Atlanta, GA). Fast SYBR Master Mix and Trizol
reagent were purchased from Life Technologies (Carlsbad, CA). The CD4+ CD62L+ T cell
Isolation Kit Il was purchased from Miltenyi Biotec (Bergish-Gladbach, Germany).
Recombinant murine GM-CSF, IL-12p70, IL-6, and IFN-y were purchased from Peprotech,
Inc. (Rocky Hill, NJ). FITC-conjugated anti-mouse CD80 (RRID: AB_10896321), CD86
(RRID: AB_10896136), CD40 (RRID: AB_10897019), MHCII (RRID: AB_10893593);
PE-conjugated anti-mouse 1L-17 (RRID: AB_10584331), recombinant mouse IL-10,
recombinant mouse IL-23; capture and biotinylated anti-mouse IL-12 (RRIDs: AB_394097
& AB_395419), IL-10 (RRIDs: AB_394093 & AB_395382), IL-6 (RRIDs: AB_398549 &
AB_395368), IFNy (RRIDs: AB_394145 & AB_395374), TNFa (RRIDs: AB_398625 &
AB_395378), GolgiPlug, Cytofix/Cytoperm fixation, permeabilization solution, Perm/Wash
buffer, TMB Substrate Reagent Set and H37Ra Mycobacterium tuberculosis were purchased
from BD (San Diego, CA). Capture and biotinylated anti-mouse 1L17 (RRIDs: AB_2125017
& AB_356467), recombinant mouse 1L17, recombinant TGFp, capture and biotinylated
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anti-mouse IL-27 antibody (RRIDs: 355012 & AB_2231063), and recombinant mouse I1L-27
were purchased from R&D Systems (Minneapolis, MN). APC-conjugated anti-mouse IFN~y
(RRID: AB_469503), capture and biotinylated anti-mouse 1L-23 antibody (RRIDs:

AB 2637368 & AB_466928) were purchased from eBioscience (San Diego, CA).

2.2. PTPe knockout (KO) mice, EAE induction, clinical score evaluation and slgl treatment

PTPo—/- mice on BALB/c background were generated as described previously (Elchebly et
al., 1999). C57BL6 mice were purchased from Jackson Laboratory. For EAE immunization,
adult mice (7-10 weeks old) were induced by subcutaneous injection of 200 ul of emulsion
containing 200 ug of 35-55 MOG peptide in complete Freund’s adjuvant with 200 ug of
H37Ra Mycobacterium tuberculosis. Bordetella pertussis toxin (50 ng) was injected
intraperitoneally on the same day and 48 hrs after MOG peptide injection. Following
immunization, animals were evaluated for clinical EAE scores with the following criteria: O,
no detectable sign of EAE; 1, weakness of the tail; 2, definite tail paralysis and hind limb
weakness; 3, partial paralysis of the hind limbs; 4, complete paralysis of the hind limbs; 5,
complete paralysis of the hind limbs with incontinence and partial or complete paralysis of
forelimbs. During the clinical score evaluations, the examiner was unaware of the drug
treatment or genotypes of transgenic mice. For the experiments with peptide treatments,
mice received subcutaneous injections (two times per day) of random peptide or slgl (143
pg/mouse/day) beginning 3 hrs after MOG peptide injections for 21 successive days.

2.3. Immunohistochemistry and axon and myelin analyses

Mice were perfused with 4% paraformaldehyde 4 weeks after EAE immunization, and the
spinal cord was dissected out. Fixed spinal cord was immersed in the same fixative for 1 day
at 4°C, transferred into 30% sucrose in PBS and incubated overnight. Blocks from the spinal
cords at the L4 level were cut into sets of 30 um thick transverse sections and placed on
gelatin-coated glass slides. Following PBS washing, sections were stained with H&E or EC.
For H&E staining, sections were incubated with hematoxylin solution for 5 min,
differentiated in 70% ethanol containing 1% HCI for 5 seconds, incubated with eosin
solution for 5 seconds, dehydrated through ascending ethyl alcohols, cleared in Histo-Clear
I1, and cover-slipped with Permount mounting medium. For EC staining, the sections were
stained with EC solution (0.2% EC, 0.5% sulfuric acid and 0.4% ferric chloride) at room
temperature for 20 min. After a gentle rinse in distilled water, slides were differentiated in
0.5% ferric ammonium sulfate at room temperature for 2 min and cover-slipped using
VectaMount mounting medium. For immunohistochemistry staining for IBA-1 and CD3,
transverse floating sections were blocked with 10% goat serum, 1% bovine serum albumin,
and 0.3% Triton X-100 in TBS for 2 hrs at room temperature. Samples were then incubated
with primary antibody diluted in TBS containing 5% goat serum, 0.1% bovine serum
albumin, and 0.3% Triton X-100 overnight at 4°C. The following primary Wako, RRID:
AB_2314667) antibodies were used: microglia-specific protein IBA-1 (1:1,000, rabbit
polyclonal, and cluster of differentiation 3 (CD3, mouse monoclonal 1:50, Santa Cruz
Biotechnology, RRID: AB_627014). After incubation with primary antibodies, sections
were incubated with secondary antibodies conjugated with Alexa488 or Alexa594 (1:200;
Invitrogen, RRIDs: AB_2534069 & AB_2534095).
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2.4, Isolation of mononuclear cells from brain and spinal cord

BALB/c wild type and PTPa—/— mice were immunized as described before. Mice were
anesthetized with 20 pl mixture of ketamine HCI and xylazine and perfused through the left
cardiac ventricle with 30 ml of HBSS containing 2mM EDTA. The brain was dissected out
and the spinal cord flushed with HBSS. CNS tissue was digested with 10 ml HBSS
containing DNAse | (0.1 mg/ml for brain and 0.05 mg/ml for spinal cord) and Liberase (0.05
mg/ml for brain and 0.025 mg/ml for spinal cord) for 45 min at 37°C with shaking, followed
by blocking solution (10% fetal calf serum, 10 mM EDTA in HBSS). The tissue was
pelleted and re-suspended in 10 ml of 30% isotonic Percoll (diluted with 10x HBSS and
distilled water), underlaid with 5 ml of 70% isotonic Percoll. Mononuclear cells were
isolated from the 30/70 interphase after gradient centrifugation. Cells were washed with
RPMI 1640 medium, stained with fluorescence conjugated anti CD45, anti CD11b, anti
CD4, anti-IL-17 and anti IFNy and analyzed by FACS to characterize mononuclear cells and
detect IFNy and IL17 producing CD4+ T cells. Fixation/permeabilization solution and
Perm/Wash buffer were used in the experiments with Thl and Th17 detection.

2.5. Generation of bone marrow derived dendritic cells

Bone marrow precursors from wild type and PTPo—/- mice were cultured in the presence of
20 ng/ml rGM-CSF to generate cDCs as previously described (Kong et al., 2010). On day 7
non-adherent cells were collected and purified by anti-CD11c-coated magnetic beads using
the autoMACS system according to the manufacturer’s instructions (Miltenyi Biotec). The
purity of the purified cells was determined by FACS analysis (>96% for CD11c+ cells). To
generate pDC (CD11c¢*B220%), we differentiated bone marrow precursors in medium
containing FIt3L (7.5% supernatant from the FIt3L cell line, a kind gift from Dr. Stefania
Gallucci Temple University Lewis Katz School of Medicine). After 9 days in culture, non-
adherent cells were collected. The purity of CD11c+B220+ pDC determined by FACS was
38%.

2.6. RT2 Profiler PCR array and qRT-PCR assays

Three spinal cords were pooled together in each group at day 18 after immunization. Spinal
cord tissue was homogenized, and the expression of cytokines, chemokines, chemokine
receptors and other mediators was investigated using the autoimmune disease and
inflammatory response RT? Profiler PCR array (Qiagen, Valencia, CA) according to the
manufacturer’s protocol. Cycle threshold values were determined by automated threshold
analysis, and the results were standardized based on 5 housekeeping genes, including
glyceraldehyde-3 phosphate dehydrogenase (Gapdh), B, microglobulin (B2m),
glucuronidase beta (Gusp), heat-shock protein 90 alpha (Hsp90sb1), and B-actin.

Homogenized tissues or cells underwent mRNA extraction, reverse transcription and qRT-
PCR to detect gene expression. The expression of IFNy 1117a, Foxp3, Rorc, 1112b (p40),
1112a (p35), 1123a (p19), 116, Ccl2, Ccl5, Ccr2, Ccr5, Ccr7, Cxcl10, Vcaml, Icaml, Thx21,
1110, 11-27p28, IFN7y, and PTPo was detected by SYBR Green-based gRT-PCR as
previously described (Kong et al., 2010). Real-time PCR was performed using StepOnePlus
Real-Time PCR System (AB Applied Biosystems). The following primers were used: IFNy
sense, 5"-AGCTCATCCGAGTGGTCCAC-3” and antisense, 5’-
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GCTTCCTGAGGCTGGATACC-3"; 1117 sense, 5'-CCTGGACTCTCCACCGCAAT-3" and
antisense, 5’ -ATGTGGTGGTCCAGCTTTCC-3"; Foxp3 sense, 5’-
CAGCTGCCTACAGTGCCCCTA-3’, and antisense 5’-
CATTTGCCAGCAGTGGGTAG-3"; RORC sense, 5'-GCGGAGCAGACACACTTACA-3’,
and antisense, 5'-TCCACCACCACAGCTGAGAGG-3’; 1112b(p40) sense, 5'-
GACCCTGCCGATTGAACTGGC-3” and antisense, 5'-
CAACGTTGCATCCTAGGATCG-3"; I112a(p35) sense, 5’-
GAGGACTTGAAGATGTACAG-3” and antisense, 5'-
TTCTATCTGTGTGAGGAGGGC-3"; 1123a(p19) sense, 5’-
TGCTGGATTGCAGAGCAGTAA-3" and antisense, 5’-
ATGCAGAGATTCCGAGAGA-3"; 116 sense, 5'-TCCTCTCTGCAAGAGACTTCCATCC
and antisense, 5'-GGGAAGGCCGTGGTTGTCACC-3’; Ccll sense, 5'-
AAGAGCATGCTTACGGTCTCC-3’ and antisense, 5'-GGCGCAGCTTTCTCTACCT-3';
Ccl2 sense, 5'-CACAGTTGCCGGCTGGAGCA-3” and antisense, 5’-
CAGCAGGTGAGTGGGGCGTT-3"; Ccl5 sense, 5'-GCTGCTTTGCCTACCTCTCC-3’
and antisense, 5 -TCGAGTGACAAAGACTGC-3’; Ccl8 sense, 5'-
AGCTGTCCCTGTCAGCCCAGA-3’ and antisense, 5’-
AGCAGCAGGTGACTGGAGCCT-3"; Ccl20 sense, 5-
CCTGATTTGTGTCCCAGTGGA-3" and antisense, 5'-
AATCCTTCCACTAAGCGCCC-3; Cxcl10 sense, 5 -ATTCTTTAAGGGCTGGTCTGA-3’
and antisense, 5'-CACCTCCACATAGCTTACAGT-3"; Ccr2, sense, 5'-
GCCTGCAAAGACCAGAAGAGGGC-3’ and antisense, 5'-
GGTGTGGTGGCCCCTTCATCA-3; Ccr5 sense, 5-
CATCGATTATGGTATGTCAGCACC-3’ and antisense, 5'-
CAGAATGGTAGTGTGAGCAGGAA-3’; Ccr7 sense 5'-
CCAGGAAAAACGTGCTGGTG-3" and antisense 5’-
GGCCAGGTTGAGCAGGTAGG-3"; Vcam1l sense, 5'-
TGTGCGCTGTGACCTGTCTGC-3’, antisense 5"-TCTCCCATGCACAAGTGGCCC-3";
Icam1 sense, 5-CTCCTGGCCCTGGTCACCGT-3’, antisense,
ACCCACCCTGGGGCAGGAAG, Thx21 sense, 5'-CGGTACCAGAGCGGCAAGT-3’, and
antisense, 5'-CATGCTGCCTTCTGCCTTTC-3"; 1110 sense, 5’-
CCTGGTAGAAGTGATGCCCC-3" and antisense, 5'-TCCTTGATTTCTGGGCCATG-3;
1127p28 sense, 5'-TCTGGTACAAGCTGGTTCCTGG-3" and antisense, 5'-
TAGCCCTGAACCTCAGAGAGCA-3’; IFNy sense, 5'-
CCCTATGGAGATGACGGAGA-3” and antisense, 5'-
ACCCAGTGCTGGAGAAATTG-3"; PTPo sense, 5'-
CATTTCCAGTTCACGGCATGGC-3" and antisense, 5'-
TAGTCAGAGCCCTCCACACCG-3'; B-actin sense, 5'-
TCCACCACCACAGCTGAGAGG-3" and antisense, 5’-
CAGCTTCTCTTTGATGTCACG-3". The expression level of each gene was indicated by
the number of cycles needed for the cDNA amplification to reach a threshold. The amount of
DNA was calculated from the number of cycles by using standard curves, and the results
were normalized to B-actin.
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2.7. CD4+ T cell differentiation

Naive CD4+ T cells were purified from splenic cell suspension obtained from 6-8 weeks old
WT and PTPo—/- mice by using the CD4+CD62L+ T Cell Isolation Kit (Miltenyi Biotec).
Naive CD+ T cells were activated with plate bound anti-CD3 (3pug/ml) and soluble anti-
CD28 (1ug/ml) in both non-polarizing (Th0) and polarizing (Th1 and Th17) conditions as
follows: 20 ng/ml IL-12 (Th1) and 5 ng/ml TGFb1, 20ng/ml of IL-1b, 20ng/ml of IL-6 and
10 mg/ml of anti-IFN-y (Th17). After 72 h in culture, cytokine production was detected by
both ELISA and flow cytometry. GolgiPlug, Fixation/permeabilization solution and Perm/
Wash buffer were used in the experiments with CD4+ T cell differentiation /n vitro.

2.8. FACS Analysis

To study the effect of PTPo on cDC maturation, wild type and PTPa—/- cDC were treated
with LPS for 24 h. Then cells were collected, washed with PBS, and incubated for 30 min at
4°C with anti-CD80 FITC, anti-CD86 FITC, anti-CD40 FITC, anti-MHCII FITC, and
appropriate isotype-matched controls. Data were collected for 10,000 cells on FACSCalibur
(BD Biosciences) and analyzed using Cellquest software from BD Biosciences (San Jose,
CA). Cell profiles of thymus and spleen were characterized by surface staining. Thymus cell
suspension was stained with anti-CD4 FITC (RRID: AB_394970), and anti-CD8 PE (RRID:
AB_394571). Splenic cell suspension was stained with anti-CD4 FITC, anti-CD8 PE, anti-
CD19 PE (RRID: AB_395050), anti-B220 APC (RRID: AB_398531), anti-CD11c FITC
(RRID: AB_395060) and anti-CD11b PE (RRID: AB_394775). Flow cytometry was also
used to detect intracellular cytokine production in CD4+ T cells. Naive CD4+ T cells from
wild type and PTPa—/- mice were cultured in different conditions. Cells were collected after
stimulation with PMA (50 ng/ml) and ionomycin (500 ng/ml) in the presence of Golgiplug
(1 ml/ml) for 4 h. Then cells were fixed, permeabilized, and stained with anti-INF-y and anti-
IL17.

2.9. Chemotaxis and cytokine ELISA assays

cDC were treated with 1 pg/ml LPS for 24 h, and migration in response to the chemokine
CCL5 (100 ng/ml) was analyzed. The lower chambers of Transwell plates (8.0 um pore size;
Corning, Acton, MA) were loaded with 600 pl serum-free medium with or without CCL5.
DC (1x10° cells in 0.1 ml) resuspended in serum-free medium were deposited in the upper
chambers of the Transwell plates and allowed to migrate for 24 h at 37°C in 5% CO2. The
numbers of migrated DC harvested from the lower chambers were counted by FACS (60-
second counts). Cytokine production was determined by sandwich ELISA. Supernatants
from cell cultures were harvested and subjected to ELISA. The detection limits were: 15
pg/ml for IL17, IL6 and IL10; 30 pg/ml for IL23, IL12p70 and IFN+y; and 4.7 pg/ml for
IL27.

2.10. Conventional dendritic cell adoptive transfer of EAE

BALB/c mice (n=5 in each group) were immunized with MOG emulsified in CFA on day 0
and 7 with pertussis toxin on day 0 and 2. cDC generated from WT and PTPo—/- mice were
treated with LPS and pulsed with MOG for 24 hrs. After extensive washing with PBS, 2 x
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108 cDC were injected intravenously on day 4 and day 8 post immunization. Mice were
followed daily using the same scoring system as described above.

2.11. Statistical analysis

The behavioral data evaluated at multiple time points were analyzed with repeated-measures
ANOVA, pvalues are provided in Figure 1. The other data collected at one time point were
analyzed with one-way ANOVA followed by Bonferroni post-hoc tests or with Student’s ¢
test. The data in the graphs are means = SEM (Figures. 1, 2 and 4) and mean £ SD (the other
figures). The differences with p<0.05 were considered significant between different groups
(*<0.05; **<0.01).

3. Results

3.1. PTPe deletion in knockout (KO) mice and inhibition with a selective antagonist peptide
enhance EAE symptoms

PTPo is expressed in various types of cells, including DCs and CNS neurons, and regulates
their functions during development (Bunin et al., 2015; Johnson and Van Vactor, 2003;
Takahashi and Craig, 2013). Because of the importance of PTPs in regulating inflammatory
and immune reactions under diverse pathologic conditions (Bunin et al., 2015; Harroch et
al., 2002; Jacobsen et al., 2000), we evaluated the roles of PTPao in regulating the immune
response in the CNS of KO mice (with BALB/c genetic background) following
immunization with myelin oligodendrocyte glycoprotein (MOG) peptide. The PTPo KO
mice were generated by inserting a selectable neomycin resistance gene into the D1
phosphatase (catalytic) domain, as reported previously (Elchebly et al., 1999). Consistent
with an earlier study using BALB/c mice (Maatta et al., 1998), a portion of wild-type (WT)
and heterozygous mice developed mild EAE symptoms following immunization with MOG
peptide (5-9 mice group). Most of the mice with EAE symptoms had reduced tail tone (Fig.
1A). In contrast, all PTPo—/— mice subjected to the same immunization procedures
developed a typical course of neurological disability of EAE starting 9 14 days after
immunization. The symptoms persisted and became more severe during the 3-week period
of monitoring. To confirm this novel finding, we performed a second set of experiments with
PTPo +/+ and —/- mice and monitored EAE development and progression for 5 weeks. We
consistently detected more severe EAE symptoms in the PTPo deficient mice (Fig. 1B),
especially during the 2—-3 weeks after immunization.

To confirm the role of PTPo in EAE development, we used a pharmacological method in a
different strain of mice. We immunized EAE-susceptible C57BL/6 mice with MOG35_s5
peptide and treated them with a sequence-targeting peptide against a functional domain of
PTPo for 3 weeks. This peptide was designed by our laboratory and contains 17 amino acids
(KPRVTWNKKGKKVNSQR) that selectively target the first Ig domain of PTPo (called
slgl), the region essential for ligand binding (Shen et al., 2009). We employed a random
sequence peptide (RP) as the control; it lacks biological activity due to its nonsense
sequence. Immunization of C57BL/6 EAE mice by subcutaneous injections of an emulsion
containing autoantigen MOG peptide in complete Freund’s adjuvant induced a typical
course of EAE (starting 12 14 days post-immunization); symptoms persisted for at least 5
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weeks (Stromnes and Goverman, 2006). Importantly, systemic treatments with slgl for 3
weeks efficiently mimicked the effect of PTPo deletion in KO mice (Fig. 1C), although the
difference in EAE symptoms between these two groups was smaller than with PTPo
deletion in transgenic mice. Together, these findings show that PTPa deletion or inhibition
significantly facilitates the initiation and progression of EAE.

3.2. PTPo deletion decreases axonal number and myelination in the spinal cord of EAE

mice

Suppression of PTPa by transgenic deletion or a pharmacological approach aggravated the
clinical symptoms of EAE, suggesting that repressed function of PTPa increases damage to
CNS tissues. We therefore determined whether PTPa—/- mice had reduced axon number
and myelination in the spinal cord several weeks after EAE onset. We measured
immunostained neurofilament (NF, a marker for axon cylinders) and myelin basic protein
(MBP, a marker for myelin), and Eriochrome cyanine (EC) stained myelin sheath. Compared
to non-EAE controls, BALB/c PTPo +/+ mice immunized with MOG peptide exhibited
reduced axonal and myelin structures in the spinal cord, especially at the lumbar level (Fig.
2A-E). Numerous groups have consistently reported obvious myelin and axonal loss along
the white matter tracts in EAE mice (McGavern et al., 2000; Mi et al., 2007). The MOG-
immunized littermate PTPo—/— mice had even more greatly attenuated staining signals for
axons and myelin structures in different white matter areas of the spinal cord. Further
analyses with hemotoxylin and eosin (H&E) staining also demonstrated more severe damage
of the white matter areas in PTPo—/— EAE mice than in PTPo+/+ controls (Fig. 2F, G).
Notably, we did not detect obvious difference in the white matter structures of spinal cord
between PTPo+/+ and PTPo—/- groups in no-EAE mice. Therefore, PTPo deficiency
exacerbated demyelination and axonal loss in mice with EAE.

3.3. PTPo deletion enhances infiltration of CD4+ T cells and activation of macrophages in

the CNS

Infiltration and activation of inflammatory cells in the CNS play a critical role in
development of EAE following MOG peptide immunization (Goverman, 2009). To
determine whether deletion of PTPo facilitates infiltration of immune cells into the CNS, we
collected fresh brain and spinal cord tissue 18 days after immunization and isolated and
analyzed mononuclear cells by FACS based on expression of immune cell markers,
including CD4, CD11b and CD45. Importantly, the numbers of infiltrating CD4* T cells,
CD11b*CD45M macrophages and CD11b*CD45!" microglia were significantly increased in
both the brain and spinal cord of PTPo—/— mice compared with PTPo+/+ controls (Fig. 3A-
C). Because IFN-y and interleukin 17 (1L17) generated by Thl and Th17 cells are important
for regulating pathology of EAE mice (Murphy et al., 2010), we determined the numbers of
IFN-y and IL17 producing T cells in the brain and spinal cord by FACS 18 days after
immunization. We consistently detected increased numbers of these subtypes of T cells in
the PTPo—/- group. Moreover, we confirmed the increased immune responses in the CNS
by immunostaining fixed spinal cord with antibodies against IBA-1 and CD3, two widely
used markers for activated microglia/macrophages and T cells (Fig. 4). Of note, we did not
observe altered numbers of T cells and activated microglia in PTPo—/- mice without
immunization.
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3.4. PTPo—-/- mice display pro-inflammatory profiles in the spinal cord and lymphoid
organs following MOG peptide immunization

Because EAE is an autoimmune disease primarily localized to the spinal cord, we performed
additional experiments on the expression profile of multiple genes related to autoimmunity
and inflammatory responses in the spinal cord of PTPo+/+ or —/— mice 18 days following
MOG immunization. gRT-PCR assay revealed significant upregulation of a number of pro-
inflammatory related genes in PTPo—/— EAE mice and Microarrays confirmed upregulation
of various specific cytokines, chemokines, and master transcriptional factors (Fig. 5).
Because CD4+ T cells, especially the Thl and Th17 subtypes, play an essential role in EAE
development, we next focused on the signature gene expression in Thl and Th17 cells. We
confirmed the high levels of expression of /fng (IFNvy), //17a(1L17) and the corresponding
transcription factors, including 76x21 (Thet) and Rorc (Roryt), in the spinal cord of PTPo—/
- mice. Expression of //12a, 1/12b, and //23a genes that encode for IL-12p70 and 1L-23, two
cytokines associated with Thl and Th17 differentiation, was consistently increased in PTPo
—/- mice. In contrast, expression of Foxp3, a frequently-used marker for Treg activities
(Fontenot et al., 2005; Ziegler, 2006), was significantly reduced in PTPa—/- mice, indicating
that PTPa deletion lowered the numbers of Treg cells.

To evaluate the role of PTPo in regulating development of Th1 and Th17 cells in lymphoid
organs, we isolated splenocytes from PTPo+/+ or —/— mice 8 days post-immunization with
MOG peptide and determined the cytokine recall response by qRT-PCR and ELISA. Similar
to the T cells isolated from spinal cord, splenocytes derived from PTPo—/— mice upregulated
IFN+y, IL-17, cytokine-encoded genes //12a, 1112b, 1/23a, and the transcription factors of
Thx21 and Rorc (Fig. 6). Because immature thymocytes have been reported to express PTPo
(Ogata et al., 1994), we analyzed both thymocytes and splenic T cell subpopulations derived
from PTPo +/+ or —=/- mice. In thymus of PTPo—/- mice, double negative (CD4-CD8-) and
single positive CD4 and CD8 thymocytes were decreased, and double positive thymocytes
(CD4+CD8+) were slightly increased (sFig. 1A). In spleen, although PTPo deletion
significantly reduced the number of CD8 T cells, the percentages of CD4+ T, B, CD11b+
and CD11c+ cells were similar in the two groups (sFig. 1B), suggesting that PTPo
deficiency does not significantly affect the development of CD4+ T, B and CD11b+ cells.

3.5. PTPo deletion promotes a pro-inflammatory phenotype in cDCs and development of

EAE

cDCs play a central role in inducing EAE through antigen presentation (Quintana et al.,
2015; Weir et al., 2002). We generated both pDCs and ¢cDCs from bone marrow cells of
PTPo +/+ and —/- mice and compared the expression levels of PTPo in pDC, ¢DC, and
naive splenic CD4+ T cells by qRT-PCR. Both pDCs and cDCs expressed high levels of
PTPa, although the level was greater in pDCs. Naive CD4+ T cells also expressed PTPa,
but at a lower level than DCs (Fig. 7A). PTPo has recently been reported to be expressed in
pDCs and to regulate their function by suppressing the inflammatory response (Bunin et al.,
2015). The significance of PTPo expression in cDC is unknown. We found that, similar to
pDC (Bunin et al., 2015), lipopolysaccharide (LPS) stimulation temporarily attenuated
PTPo expression of cDC with a return to normal levels 24 hrs after LPS treatment (Fig. 7B).
Although PTPa deletion did not alter expression levels of MHCII, CD40, CD80 or CD86 or
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maturation status of cDCs 24 hrs after LPS stimulation (sFig. 2), PTPo-/- ¢cDCs expressed
and secreted greater amounts of the cytokines that contribute to Th1 differentiation
(IL-12p70 and IL-27) and pathogenic Th17 differentiation (IL-6 and IL-23, Fig. 7C). PTPo
—/- cDCs also upregulated IFN-p and iNOS, and downregulated IL-10 (Fig. 7D), suggesting
that PTPo deletion enhances the pro-inflammatory properties of cDCs. Because cDCs are
also the major producers of chemokines, we examined expression of a number of
chemokines and detected higher levels of CCL2, CCL5 and CXCL10, and chemokine
receptors CCR2, CCR5 and CCRY7 in PTPo—/- cDCs (Fig. 7E). Importantly, functional
experiments demonstrated enhanced migration of PTPa—/- cDCs in response to CCL5 (Fig.
8A). In contrast to cDCs, similar experiments with PTPo—/- bone marrow-derived
macrophages showed statistically significant increases only in //23a, 116, Ccr5and Ccr2
(sFig. 3). The lack of upregulation of ArgZand Ca206is evidence that PTPo—/-
macrophages do not present an M2 phenotype.

To determine whether PTPo—/- cDCs have a pro-inflammatory role in vivo, we adoptively
transferred PTPo+/+ and PTPo—-/- cDCs treated with LPS and pulsed with MOGg35_g5 to
wild type mice immunized with CFA/MOG on day 4 and 7 after immunization. The mice
receiving PTPo—-/- cDCs developed significantly higher clinical EAE scores than those that
received PTPa+/+ cDCs (Fig. 8B). Therefore, the findings of our /n vitroand in vivo
experiments provide evidence that PTPo deficiency facilitates the pro-inflammatory
activities of cDCs and development of EAE.

3.6. PTPe directly regulates differentiation of CD4+ T cells

Upon antigen presentation by cDCs and depending on the cytokine milieu, CD4+ T cells
differentiate into various subsets of effector T cells which play essential roles in EAE
initiation and progression. To determine whether PTPo directly affects T cell differentiation,
we differentiated naive CD4+ T cells isolated from spleens of PTPo +/+ and —/— mice in
non-polarizing conditions (ThO) and Th1 and Th17 polarizing conditions. PTPo expression
was induced following T cell differentiation, especially in Th17 polarizing conditions (Fig.
9A). Although both WT and PTPo—/- T cells proliferated in a similar manner (Fig. 9B),
PTPo deletion led to upregulation of Thet expression in Thl cells, and of Ror-yt expression
in Th17 cells (Fig. 9C). WT ThO and Th1 cells produced large amounts of IFN-y; Th17 cells
produced much lower levels of IFN-y. Compared to WT, the amounts of IFN-y were
significantly increased in both PTPo—/- Th1 and Th17 cells (Fig. 9E). A statistically
significant increase in IL-17 production was evident in PTPa—/— Th17 cells. FACS analysis
showed similar alterations in the percentages of IFNy and IL-17 positive cells (Fig. 9D).
Together, these results demonstrate that PTPo expression in activated CD4+ T cells has an
inhibitory effect on the differentiation of Thl and especially of Th17 cells.

4. Discussion

RPTPs are a family of cell surface phosphatases that have intracellular enzymatic activity
and extracellular domains to interact with surrounding cell adhesion molecules due to
sequence homologs. Some RPTPs are fundamental for controlling proliferation,
differentiation, communication and adhesion in multiple cell types, and their disruption
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contributes to diverse human disorders, including cancer, diabetes, autoimmune diseases,
and neurological deficits (Um and Ko, 2013; Xu and Fisher, 2012). Although most PTKs
have been well studied, the function, substrate specificity, controlling mechanisms, and
relevance to human diseases of most RPTPs are largely unknown. In this study, we
demonstrated that transgenic deletion and pharmacological inhibition of PTPg, one of 3
RPTPs in the LAR subfamily, significantly aggravated clinical symptoms and axon and
myelin damage in the spinal cord of EAE mice. Following immunization with MOG3s_s5
peptide, PTPo knockout mice exhibited pro-inflammatory profiles in the spinal cord and
lymphoid organs by altering the expression levels of a number of inflammatory related
genes, including specific cytokines (IFNy and IL-17), chemokines (CCL2, CCL5 and
CXCL10), and master transcriptional factors (such as Thet and RORvyt). Importantly, PTPo
deficiency stimulated a pro-inflammatory phenotype in cDCs, affected differentiation of
CD4+ T lymphocytes directly, reduced the number of Treg cells, and facilitated infiltration
of T cells and activation of macrophages/microglia in the CNS. These findings illustrate the
novel role of PTPo as an essential negative regulator for development of autoimmune CNS
disease (Fig. 9F). Identification of the critical roles of PTPo in mediating immune cell
functions and developing EAE helps us better understand the molecular control of immune
functions, and is potentially important for designing effective strategies to treat autoimmune
disorders.

A recent study reported important role of PTPo in regulating function of pDCs and
infiltration of leukocytes in immune-mediated intestinal inflammation (Bunin et al., 2015).
This group demonstrates that human pDCs express PTPo and their activation rapidly
downregulates levels of surface PTPa. Accordingly, PTPo deletion increases generation of
IFN-a and its crosslinking with an antibody suppresses activation of mouse pDCs.
Moreover, mouse pDCs express both PTPo and LAR (another member in the LAR
subfamily) and DC-specific deletion of PTPo on LAR-deficient background enhanced the
IFN response of pDCs. Our results are generally consistent with the previous findings, but
we provide further insight into the immune functions mediated by PTPo in several aspects.
We, for the first time, identified the critical role of PTPao in regulating development of EAE,
the most frequently used model of MS. Inhibiting PTPo remarkably aggravated progression
of clinical symptoms and axon damage in EAE mice. We also demonstrate that PTPo is not
only a crucial regulator of pDCs, it also plays significant roles in mediating functions of
multiple immune cells, especially cDCs and T lymphocytes. Accordingly, PTPo mediates
immune responses by altering production of multiple cytokines and chemokines, in addition
to IFN reported in previous study (Bunin et al., 2015).

Increased activation of diverse immune cells and their subsequent penetration into the CNS
are presumably responsible for the susceptibility of PTPo—/— mice to EAE. We observed
increased numbers of CD4+ T cells, including IFN+y and IL-17 producing T cells, and of
CD11b*CD45M macrophages and CD11b*CD45'" microglia in the brain and spinal cord of
PTPo—/- mice following immunization. We also detected upregulation of specific cytokines,
chemokines, and master transcriptional factors that contribute to EAE pathogenesis. In
agreement with our results, PTPo has been shown to suppress immune-mediated intestinal
inflammation by reducing spontaneous IFN production (Bunin et al., 2015). While we
demonstrate the critical role of PTPo in mediating immune function and EAE development,
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we cannot exclude the possibility that PTPo also regulates demyelination and axonal
damage in EAE mice by targeting neural cells directly. PTPo is expressed in multiple
tissues, including the CNS, and is a presynaptic receptor that regulates synaptic adhesion,
organization and plasticity by interacting with multiple postsynaptic partners, such as cell
adhesion molecules (Takahashi and Craig, 2013). PTPo deletion alters hippocampal long-
term potentiation, synaptic plasticity and brain functions. PTPo deficient mice exhibit severe
growth retardation, high neonatal mortality, and various neurological deficiencies, including
motor dysfunction, defective proprioception, hippocampal dysgenesis, abnormal pituitary
development, and thinning of the corpus callosum and cerebral cortex (Meathrel et al., 2002;
Uetani et al., 2006). PTPo is also important for controlling neuronal growth by functioning
as a receptor for chondroitin sulfate proteoglycan (CSPG) axon growth inhibitors (Shen et
al., 2009) and for heparan sulphate proteoglycan (HSPG) growth-promoting molecules
(Coles et al., 2011). It will also be interesting to determine whether PTPo is expressed in
oligodendrocytes and directly regulates their functions. PTPRZ, another RPTP mainly
expressed in the developing CNS, could inhibit oligodendrocyte differentiation during early
development and remyelination following CNS demyelination by increasing apoptosis of
mature oligodendrocytes (Harroch et al., 2002; Kuboyama et al., 2012).

Some PTPs are essential for regulating the functions of immune cells by reversing tyrosine
phosphorylation of their target proteins (Dolton et al., 2006; Doody et al., 2009; Rhee and
Veillette, 2012). For example, PTPN22, a non-receptor PTP, could regulate the development
and activation of lymphocytes, establishment of tolerance, and host defense mediated by
innate immune cells (Rieck et al., 2007; Stanford and Bottini, 2014). A recent study
demonstrated expression of PTPo in pDCs and its significant role in suppressing pDC
function (Bunin et al., 2015). In this study, we found that cDCs and splenic CD4+ T cells
also expressed PTPao, although at relatively reduced levels compared with pDCs. PTPo
deletion augmented the pro-inflammatory properties of cDCs by increasing secretion of
cytokines responsible for Thl and Th17 differentiation, upregulating IFNB and iNOS,
downregulating IL-10, and promoting cDC migration following CCLS5 stimulation.
Importantly, adoptive transfer to wild type mice of PTPo-deficient cDCs stimulated with
LPS and pulsed with MOG peptide significantly increased the clinical EAE symptoms
following MOG immunization. Moreover, differentiation of naive CD4+ T cells upregulated
PTPo (particularly in Th17 polarizing conditions) and PTPo deletion enhanced the
generation of molecules critical for mediating immune responses, including Thet in Thl
cells and Roryt in Th17 cells. Interestingly, LAR, also a member of the LAR subfamily, is
expressed in immature thymocytes and regulates their differentiation and expansion in mice
(Kondo et al., 2010). Moreover, PTPa deletion reduced expression levels of Foxp3, a
lineage-specific marker for Treg (Fontenot et al., 2005; Ziegler, 2006). Foxp3 is a
transcription factor in the forkhead-winged helix family and plays critical role in regulating
suppressive properties of Treg cells. Consistently, Treg cells have been reported to prevent
development (Hori et al., 2002; Olivares-Villagomez et al., 1998) and delay onset of
spontaneous EAE (Lowther et al., 2013). Therefore, we have, for the first time, determined
that PTPo is an important negative regulator for pro-inflammatory properties of cDC,
differentiation of CD4+ T cells into specific Th1l and Th17 cells, and development of EAE, a
CNS autoimmune disease.
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PTPo deletion increases the levels of various cytokines, such as IL-12p70, IL-27, IL-23,
IL-6, IFN and iNOS, suggesting that tyrosine dephosphorylation by PTPo suppresses
production of pro-inflammatory related cytokines. Tyrosine phosphorylation has consistently
appeared to be vital for controlling cytokine generation in DCs (Fujita et al., 2013).
However, the upstream signals that modulate PTPao activity in immune cells and other cell
types are not clear. As transmembrane receptors for multiple ECM molecules in diverse
types of cells, PTPo may attenuate tyrosine phosphorylation of target proteins upon
interactions with its surrounding ligands. The known PTPa ligands include a number of
proteoglycans, especially the ECM proteins HSPGs and CSPGs (Coles et al., 2011; Ohtake
and Li, 2015; Shen et al., 2009). HSPGs have been reported to inhibit production of
cytokines by immune cells (Gordts et al., 2014). Syndecan-1, a HSPG used as a marker of
plasma cells, may suppress various inflammatory responses and development of EAE in
mice. Deletion of syndecan-1 increased disease severity and impaired recovery in mice with
EAE (Zhang et al., 2013). PTPo-dependent proteoglycan switch have been shown to
regulate function of fibroblast-like synoviocytes (the joint-lining cells), including their
invasiveness and migration (Doody et al., 2015). Incubating these cells with a proteoglycan-
binding PTPao decoy protein suppresses their invasiveness and attachment to cartilage by
disrupting a constitutive interaction between PTPo and HSPG syndecan-4. On the other
hand, CSPGs are upregulated around the edge of active MS lesions and influence immune
responses in several neurological disorders (Haylock-Jacobs et al., 2011; Sobel and Ahmed,
2001). Some cytokines, such as TGFp1 and IFN+y, may alter expression levels of CSPGs
(Fujiyoshi et al., 2010; Smith and Strunz, 2005). It will therefore be interesting to determine
whether PTPo regulates the functions of immune cells, such as DCs and T cells, by
interacting with any specific ECM proteoglycans, such as syndecan-1 and 4.

Initiation and progression of EAE increase in PTPa deficient mice, and deletion of this
transmembrane phosphatase affects activation of cDCs, differentiation of T lymphocytes into
Th1 and Th17 effectors, and activity of Treg cells. Together with a recent study (Bunin et al.,
2015), our findings provide evidence that PTPo is important for suppressing immune and
autoimmune responses mediated by pDCs, cDCs and CD4+ T cells. Because suppression of
PTPao activity in immune cells contributes to EAE pathogenesis and progression, selective
activation of this signaling protein may become an effective strategy for treating MS related
disorders.
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Highlights
. PTPo inhibition exacerbates symptoms of experimental autoimmune
encephalomyelitis
. PTPo deletion promotes a pro-inflammatory phenotype in immune cells
. PTPo is a key negative regulator in EAE initiation and progression
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Figure 1. PTPe transgenic deletion or inhibition with a sequence-targeting peptide aggravates
the clinical symptoms of EAE mice

Graphs indicate clinical EAE scores as a function of time after EAE onset. (A, B) PTPo+/+,
PTPo+/- and PTPo—-/- mice with BALB/c background were immunized with MOG peptide.
PTPo—/- mice exhibit more severe EAE symptoms than two groups of controls (PTPa+/+
and PTPa+/-). In the second set of experiments (B), animals were sacrificed for histology
35 days after immunization, instead of 22 days as in the first set. (C) C57BL/6 mice were
immunized with MOG peptide and then received slgl peptides subcutaneously for 3 weeks.
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Inhibition of PTPo with peptide also enhances EAE scores and mimics the effect of
transgenic deletion in A, B. n=5-9 mice per group.
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Figure 2. PTPa deficiency attenuates axon number and myelination in the lumbar spinal cord 25
days after EAE onset

(A) Representative images of transverse sections of spinal cord from PTPo+/+ and —/— mice
immunostained for NF and MBP. (B) Images of transverse sections of spinal cord from
PTPo—/- animals show lack of specific immunostaining signals when the primary
antibodies for NF and MBP were omitted. (C, D) The intensity of signals from stained
axonal cylinders (NF) and myelin (MBP) were quantified in different white matter areas of
transverse sections in a blind manner. (E) Representative transverse sections of stained
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spinal cord illustrate reduced myelin in PTP —/— mice. (F) Myelin signals stained by EC
were quantified in different locations. (G) Representative images of transverse sections of
spinal cord stained by H&E indicate more severe damage of white matter tracts in PTPo—/-
animals than controls. In all the sections, dorsal is up. Scale: 250 (low power) or 100 (high
power) um. n = 5-9 mice in each group.
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Figure 3. PTPeo deletion facilitates infiltration of CD4+ T cells and activation of macrophages in

spinal cord and brain

(A-C) Markers for immune cells, including CD4, CD11b and CD45, were used to isolate
subsets of T cells, macrophages and microglia by FACS from fresh brain and spinal cord 18
days after immunization. PTPo—/— mice exhibit increased numbers of IFNy+ and 1L17+
CD4+ T cells, CD11b*CD45H macrophages and CD11b*CD45'" microglia monocytes. n =

3-5 mice/group.
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Figure 4. PTPe deletion increases infiltration of IBA-1+ macrophages and CD3+ T cells into
spinal cord of EAE mice

(A) Representative transverse spinal cord sections stained for IBA-1 (red) and CD3 (green)
display greater numbers of IBA-1+ macrophages and CD3+ T cells in PTPo—/- EAE mice.
(B, C) Graphs indicate quantification of IBA-1 and CD3+ immunostaining signals from the
spinal cord of no-EAE and EAE mice. Scale: 50 um. n = 3-5 mice/group.
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Figure 5. Gene expression profile of spinal cord from PTPe deficient mice differs from WT
(A) Schematic drawing shows the time points for the experimental procedures. (B-E) qRT-

PCR assay shows gene expression profile in spinal cord of PTPa+/+ and —/— mice 18 days
after immunization with MOG emulsified in CFA. (F) Microarray analyses show fold
changes of different genes in the spinal cord 18 days after immunization. *p< 0.05, **
p<0.01 compared with WT mice; n = 3 mice/group.
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Figure 6. PTPo deletion alters expression levels of cytokines and transcription factors in
splenocytes 8 days after immunization

(A) Schematic drawing shows the time points for experimental procedures. (B) Splenocytes
were collected from WT and PTPo—/— mice 8 days after MOG immunization (before
disease onset) and re-stimulated with MOG in vitro for 3 days. Cytokine production was
then evaluated by ELISA. (C, D) Splenocytes collected as in A were re-stimulated with

MOG for 48 h, then gRT-PCR was used to measure levels of transcription factors that
regulate CD4+ T cell differentiation and production of cytokine-encoded genes. * p<0.05,
** p<0.01 compared with WT mice. n = 3 mice/group.
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Figure 7. Dendritic cells and CD4+ naive T cells express different levels of PTPe; PTPe deletion
alters the cytokine production and gene expression of cDCs

(A) Plasmacytoid dendritic cells (pDC) and conventional dendritic cells (cDC) were
generated from bone marrow, and naive CD4+ T cells were isolated from spleens of PTPo
+/+ and —/- mice. Expression levels of PTPo were measured by RT-PCR. (B) Expression
levels of PTPa in cDCs were determined by RT-PCR following LPS treatment at the
different time points indicated. (C) Cytokine levels were measured by ELISA in cDCs
treated with medium (MED, as a negative control) or LPS for 12 (for 1L23) or 24 hours (for
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others). (D, E) Levels of cytokines, chemokines and chemokine receptors were measured by
RT-PCR in cDCs treated with MED or LPS for 3, 6 or 12 hours. * p<0.05, ** p<0.01
compared with WT group. n = 3 independent experiments.
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Figure 8. PTPo—/- cDCs show increased migration to CCL5 and aggravate clinical symptoms of
c¢DC adoptive transfer EAE mice

(A) cDCs collected from PTPo+/+ or —/— mice were treated with or without LPS for 24 h
and the migration of cDCs (1x10° cDCs) toward 100 ng/ml CCL5 was determined with a
24-h Transwell chemotaxis assay. n = 3 independent experiments. (B) cDCs were prepared
from PTPo+/+ or —/- mice, and then treated with LPS and pulsed with MOG for 24 hrs. On
day 4 and 8 after immunization with MOG emulsified in CFA, adult BALB/c mice received
intravenous injections of PTPa+/+ or —/— ¢cDCs (2 x 108 in 200 pl of PBS). A separate group
of mice received injections of the same volume of PBS (200 pl) as negative controls. The
daily EAE clinical scores were evaluated for 23 days. * p<0.05, compared with PTPo+/+
cDC adoptive transfer EAE. n=5 mice/group.
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Figure 9. PTPe deficiency promotes differentiation of CD4+ T cells into Th1 and Th17 cells
(A, C) Naive CD4+ T cells purified from spleens of PTPo +/+ and —/— mice were activated

with anti-CD3 (3ug/ml) and anti-CD28 (1ug/ml) in ThO (no cytokines were added), Thl
(+1L12 20 ng/ml) and Th17 (TGFb 3 ng/ml, IL23 50 ng/ml, IL6 20 ng/ml) conditions for 2
days. The expression levels of PTPo (A), Tbx21 and Rorc (C) were measured by gRT-PCR.
(B) Naive CD4+ T cells purified from spleens of PTPo +/+ and —/— mice were activated
with anti-CD3 (3pg/ml) and anti-CD28 for 3 days and their proliferation then measured by
carboxyfluorescein succinimidyl ester dilution. (D, E) Naive CD4+ T cells purified from
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spleens of PTPo +/+ and —/— mice were activated with anti-CD3 (3pg/ml) and anti-CD28
(1pg/ml) in ThO (no cytokines), Thl (+1L12 20 ng/ml) and Th17 (TGFb 3 ng/ml, 1L23 50
ng/ml, IL6 20 ng/ml) conditions for 3 days. The levels of cytokines were measured by flow
cytometry and ELISA. * p<0.05, ** p<0.01 compared with PTPo +/+ group. n =3
independent experiments. (F) Based on our results, we propose a model for the roles of
PTPo in regulating functions of immune cells and development of EAE.
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