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Abstract

Experimental autoimmune neuritis (EAN) is a CD4" T cell-mediated autoimmune disease of the peripheral
nervous system (PNS) that can be actively induced in susceptible animal species and strains by active
immunization with heterogeneous peripheral nerve myelin or its component P2 or PO proteins or their peptides
emulsified in Freund's complete adjuvant. EAN represents an animal model for studying the
immunopathogenesis and therapy of Guillain-Barré syndrome (GBS ) which is a major inflammatory
demyelinating disease of the PNS in humans. The close clinical, histopathological, and electrophysiological
similarities between EAN and GBS make EAN an especially suitable model, capable of offering insights into the
pathophysiology of GBS. EAN is also considered to represent a general model for studying CD4 -mediated
autoimmune diseases.

Alzheimer's disease (AD) is a progressive neurodegenerative disorder and the most common cause of
dementia in the Western world. It is characterised neuropathologically by the deposition of extracellular
amyeloid plaques containing aggregates of the amyloid protein B (AB) peptide, as well as by intracellular
aggregation of neurofibrillary tangles and selective neuronal loss accompanied by cerebrovascular amyloidosis.
The mechanism of AD has not been completely defined. The inflammatory cytokines have been implicated as
mediators in response to brain injury in AD. AP precursor protein APP transgenic mice (Tg2576) are one of the
most widely used animal model for AP plaques in cortical regions of the brain, which over-expresses human APP
with the Swedish double mutation.

Peak numbers of macrophage inflammatory protein (MIP)-1a-positive cells in the sciatic nerve were seen on
day 14 post-immunization (p.i.), which coincided with the development of severe clinical signs. Administration
of an anti-MIP-1 o antibody suppressed clinical signs of EAN and inhibited inflammation and demyelination in
the sciatic nerve. Peak numbers of monocyte chemotactic protein (MCP)-1-positive cells in the sciatic nerve
were detected on day 7 p.i. (i.e., the onset of clinical EAN). Administration of an anti-MCP-1 antibody caused a
delay of onset of EAN. The numbers of MIP-2-positive cells reached a maximum on day 21 p.i. Anti-MIP-2
antibody failed to suppress clinical signs of EAN and inflammation and demyelination in the sciatic nerve.

EAN was strongly suppressed by Rolipram administered twice daily intraperitoneally from day 9 p.i., after
onset of clinical EAN, to day 18 p.i., over 10 days. This clinical effect was associated with dose-dependent down-
regulation of interferon (IFN)-y and the chemokines MIP-lo, MIP-2 and MCP-1 as well as up-regulated
interleukin (IL)-4 production in sciatic nerve sections from Rolipram-treated EAN rats at the maximum of clinical
EAN, ie., on day 14 p.i. These findings suggest that Rolipram could be useful in certain T cell-dependent
autoimmune diseases and inflammatory neuropathies.

ABR-215062, which is a new synthetic immunomodulatory compound derived from Linomide, administered
daily subcutaneously from the day of inoculation strongly suppressed EAN in a dose-dependent manner. ABR-
215062 reduced the incidence of EAN, ameliorated clinical signs, and inhibited PO peptide 180-199-specific T
and B cell responses and also decreased inflammation and demyelination in the peripheral nerves. The
suppression of clinical EAN is associated with inhibition of the inflammatory cytokines IFN-y and tumor necrosis
factor-o. as well as the enhancement of the anti-inflammatory cytokine IL-4 in peripheral nerve tissues. The
suppressive effects of ABR-215062 on EAN are quite similar to those of Linomide on EAN. These findings
suggest that ABR-215062 could be useful in certain T cell-mediated autoimmune diseases.

To elucidate the mechanisms involved in AB-mediated inflammation, we used immunocytochemistry and
in situ hybridization to study the potential role of the cytokines interferon-y (IFN-y), interleukin (IL)-12 and IL-4
in transgenic mice Tg2576. Cytokine and cytokine mRNA expression was detected in brain sections from
cortical regions at various postnatal ages ranging from 3 to 19 months. High levels of IFN-y and [L-12 mRNA
expression, as well as their protein production appeared early at 9 months and peaked at 17-19 months in Tg2576
mice. Significantly increased transcripts of IFN-y and IL-12 genes were found in the reactive microglia and
astrocytes surrounding AP deposits. Both findings indicate a role for the pro-inflammatory cytokines [FN-y and
IL-12 in early disease development and are consistent with microglial activation related to AR formation. In
contrast, transcription and production of [L-4 in brain sections was almost undetectable in transgenic mice up to
post-natal ages of 17-19 months. These results suggest a major pro-inflammatory role for IL-12 and IFN-y in
Tg2576 transgenic mice that may provide the association between AP plaque formation, microglial and
astrocyte activation in these animals. These observations call for further studies on the potential role of anti-
inflammatory therapeutic strategies for AD.
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ABBREVIATIONS

AR B-amyloid

AD Alzheimer’s disease

APP amyloid precursor protein

APPs soluble amyloid precursor protein
BNB blood-nerve barrier

BPM bovine peripheral nerve myelin
EAE experimental autoimmune encephalomyelitis
EAN experimental autoimmune neuritis
ELISA enzyme-linked immunosorbent assay
FCA Freund's complete adjuvant

GBS Guillain-Barré syndrome

IFN interferon

IL interleukin

mAb monoclonal antibody

MCP monocyte chemoattractant protein- 1
MIP macrophage inflammatory protein
MNC mononuclear cells

mRNA messenger ribonucleic acid

NFT neurofibrillary tangles

NTs neuropil threads

PBS phosphate buffered saline

PHA phytohemagglutinin

PHFs paired helical filaments

p.i. post-immunization

PNS peripheral nervous system

SP senile plaques

TGF transforming growth factor

Th T helper

TNF tumor necrosis factor



INTRODUCTION

Experimental autoimmune neuritis (EAN) is a CD4" T cell-mediated demyelinating
inflammatory disease of the peripheral nervous system (PNS). EAN can be induced in
susceptible animal strains and species by active immunization with peripheral nerve tissue
(Waksman and Adams, 1955) or purified peripheral nerve myelin proteins P2 (Kadlubowski and
Hughes, 1979; Suzuki et al., 1980), and PO (Milner et al, 1987; Adelmann and Linington, 1992;
Deretzi et al.,1999; Yan et al., 2001) as well as peripheral myelin protein 22 (PMP-22) (Gabriel,
Hughes et al., 1998; Gabriel, Gregson et al., 2000). Synthetic peptides from P2 protein (Shin et
al., 1989), including the amino acid sequences 53-78 and 61-70 (Hartung et al., 1988; Olee et al.,
1990), or PO peptides 180-199 and 56-71 (Zou et al., 1999a), together with Freund's complete
adjuvant (FCA) also induced EAN induction. EAN can be transferred to naive Lewis rats by
myelin peptides, such as syngeneic P2- or PO-specific CD4" T cells or transfer of myelin-specific
T cell lines (Linington et al., 1986; Linington et al., 1992).

Guillain-Barré syndrome (GBS) is a monophasic disease, and constitutes a heterogeneous
group of disorders mainly caused by immune-mediated damage of the PNS. GBS can be
classified into acute inflammatory demyelinating polyradiculoneuropathy (AIDP), acute motor
and sensory axonal neuropathy (AMSAN) and acute motor axonal neuropathy (AMAN) (Van
der Meche et al., 2001). The most common form of GBS is AIDP that are found mainly in North
America and Europe whereas the other two types are responsible for less than 10% (Hughes et
al., 1999). Clinically, GBS is characterized by subacute with pronounced motor weakness, but
usually self-limited with a spontaneous recovery starting around 4 weeks after the onset of

neurological symptoms.

Etiology of GBS

The etiology of GBS is not fully understood, but there are triggering events that are believed to
initiate nerve damage. The etiology of GBS appears to be multifactorial and may essentially
include viral and/or bacterial e.g., Campylobacter jejuni (C. Jejuni), cytomegalovirus (CMV)
and Mycoplasma infections (Rees et al., 1995; Hughes, Hadden et al., 1999; Hadden et al.,
2001). Another study confirms the role of molecular mimicry in the induction of anti-ganglioside
antibodies in GBS patients infected with C. Jejuni (Ang et al., 2000). Also, GBS is associated
with human immunodeficiency virus infection before development of AIDS (Pardo et al., 2001).

Influenza vaccination has also been suspected as a triggering event (Lasky et al., 1998).



EAN shares many of the clinical, immunological, electrophysiological and morphological

characteristics of human GBS and serves as a useful model for exploring the pathogenesis and

immunotherapy of GBS, as well as for T-cell-mediated autoimmune diseases in general.

Similarities between EAN and GBS

EAN GBS
Etiology Immunization with PNS Unknown, but often preceded
components by viral or bacterial infections
Clinic signs Ascending peripheral Ascending peripheral paresis,
paresis, rarely chronic rarely chronic or relapsing
or relapsing
CSF Few cells and raised Moderate numbers of cell and

protein levels

raised protein level

Histopathlo-gy

Mononuclear cell

Mononuclear cell infiltration,

infiltration, inflammation and
inflammation and demyelination
demyelination

Serum immunoglobulins| Increased Sometimes increased

Neurophysiology Conduction slowing to block Conduction slowing to block

Immunopathogenesis of GBS

There is evidence that abnormal immune reactions may be involved in the pathogenesis of GBS,
which is not fully understood (Hartung, 1995). Both cellular and humoral immune reactions are
important in the demyelination and nerve damage (Shoenfeld et al., 1996). The inflammatory
infiltrates in the PNS are mainly composed of T lymphocytes and macrophages, which are
regarded as important effector cells in GBS pathogenesis (Hartung, 1995). The activated T cells
and autoreactive antibodies cross the blood-nerve barrier (BNB) and initiate an inflammatory
response that causes demyelination and axonal damage. Activated T cells and increased soluble
products from activated T cells, such as interleukin (IL)-2 and interferon (IFN)-y, as well as
enhanced expression of HLA-DR and the IL-2 receptor, were found in GBS patients (Hartung el
al., 1990). The increased synthesis of pro-inflammatory cytokines such as TNF-a (Hartung,
1993; Sharief and Thompson, 1993), IL-6 (Maimone et al., 1993), IL-1, TNF-f and IFN-y
(Dahle el al., 1997; Elkarim et al., 1998; Zhu el al., 1997; 1998a), as well as of endothelial
leukocyte adhesion molecules, implies an important role for these molecules in the pathogenesis
of GBS (Oka et al., 1994). T cells, macrophages, IFN-y and TNF-o. may act synergistically in
causing peripheral nerve demyelination and axonal degeneration (Giovannoni and Hartung,

1996). Myelin specific antibodies have the ability to contribute to nerve damage, and higher




levels of IgG anti-ganglioside GMI antibodies were often found in GBS patients with C. jejuni
infection (Walsh et al., 1991). Moreover the immunogenetic background of the patients will
influence the development of GBS, since a few patients develop the disease after infection
(Hughes et al., 1999). However, the production of IL-4 by cells bearing the Th2 phenotype has a
beneficial role in GBS (Dahle et al., 1997).

Treatment of GBS

Plasma exchange is considered the most effective treatment in GBS. Additional combined
treatments with intravenous immunoglobulin (IVIg) after plasma exchange showed a better
outcome compared with plasma exchange alone (Hadden et al., 2001). Administration of high
doses of immunoglobulins showed satisfactory results. However, only 62% of the patients
treated with these therapies made a full recovery. Eight percent died, and 13% were left unable
to walk without assistance after one year (Rees et al., 1998). Filtration of cerebrospinal fluid
(CSF) from GBS patients was reported to be as effective as plasma exchange (Wollinsky et al.,
2001). The successful treatment with IFN-§ in GBS was recently reported (Creange et al., 2001;
Schaller et al., 2001).

Immunopathogenesis of EAN

A simplified schematic overview of mechanisms of the immunopathogenesis of EAN is given in
Fig. 1. EAN can be induced in susceptible animal species and different inbred strains can show
different susceptibility depending on the MHC repertoire (Dahlman et al., 2001). Interestingly,
genes regulating Th1/Th2 differentiation have been reported to support the hypothesis of EAN
being a Thl to induce the disease (Dahlman et al., 2001). After immunization circulating
autoreactive myelin-specific T and B cells can cross the BNB. Once the BNB is broken down the
nerve myelin components are exposed and become accessible to antibodies. Adhesion molecules
and cytokines, such as IL-1, monocyte chemotactic protein (MCP)-1 and macrophage
inflammatory protein (MIP)-1aw are involved in T cell homing and the migration process of
inflammatory cells. Elevated levels of matrix metalloproteinase in the sciatic nerve may
participate in disruption of the BNB (Hughes et al., 1998). CD4" Th1 cells release inflammatory
cytokines, such as IFN-y, which activates macrophages. Macrophages play dual roles in
autoimmune neuropathy, being detrimental in attacking nervous tissue through phagocytosis and
release of inflammatory factors in the early phase, but also salutary in the late phase, aiding in

the termination of the inflammatory process and the promotion of recovery (Kiefer and Hartung
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et al., 2001). Myelin-specific antibodies are primarily responsible for causing damage to nerves.
Th2 cells also produce cytokines such as IL-4 and IL-10, which, together with transforming
growth factor (TGF)-B produced by Th3 cells, can inhibit Th1 cell functions.

Fig. 1.

Immunopathogenesis of EAN. PLS, peripheral lymphoid system; BNB, blood-nerve barrier;
PNS; peripheral nervous system. The lines define promoting effects. The dotted lines indicate the
route by which released sequestered antigens will be transported.

Histopathological changes in EAN

During the acute phase of EAN the nerve roots and the peripheral nerves are infiltrated with
macrophages, lymphocytes and leucocytes. The myelin sheaths swell and are stripped away by
the macrophages (Rosen et al., 1992), which leads to focal demyelination of both nerve roots
and nerves (Powell et al., 1991). Deposition of Ig and complement can be found on the myelin
sheaths and within the endoneurium due to a breakdown of the BNB (Schmidt et al., 1996).
Strong evidence emphasizes the role of inflammation in the subsequent demyelination and

axonal degeneration. During the recovery phase of EAN, the process of remyelination of axons
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by Schwann cells occurs and can be identified by the presence of myelin sheaths. There are

similar pathological changes in humans with GBS (Hartung et al., 1995).

Cytokines in EAN

Cytokines are signal peptides and effector molecules produced by various cells, e.g., epithelial
cells, fibroblasts and endothelial cells. Cytokines are pleiotropic, producing a multitude of effects
on the growth and differentiation of many cell types; their receptors are expressed on
differentiated cells in lymphoid tissues (Janeway and Bottomly, 1994). The production of most
cytokines is temporary. They may act in an autocrine fashion (i.e., on the same cell that produces
them) or exert paracrine action on cells close by. However, in certain cases cytokines can also
act in an endocrine fashion, interacting with target cells elsewhere in the body. Cytokines exert
their effects via receptors thereby stimulating cellular activation (Onishi et al., 1998). Most
cytokines are multifunctional, and more than one cytokine may act on the same target cells and
mediate the same or similar functions (Sterzel et al., 1993). Cytokines form a network by
inducing or suppressing the expression of other cytokines and through the synergism or
antagonism of two cytokines acting on the same cell. Cytokines may produce profound
biological effects (Balkwill et al., 1989; Elias et al., 1992) and may act as essential mediators and
activators in inflammation and innate immunity (Feldmann et al., 1996).

The production of cytokines in the peripheral nerves is restricted to resident and recruited
macrophages and lymphocytes, mast cells, Schwann cells and possibly, neurons (Creange et
al., 1998). Cytokines may be involved in the generation of autoimmune responses in EAN and in
the pathogenesis of the disease, which includes damage to myelin, Schwann cells and axons, as
well as tissue repair. However, the exact functions of the different cytokines are uncertain. The
CD4" T cells involved in EAN pathogenesis are of the Thl type. Related pro-inflammatory
cytokines, secreted from Thl-type cells, contribute to the tissue damage in EAN by changing the
balance between the cells of Thl and Th2 phenotypes. The levels of IFN-y-producing cells in
Iymph nodes and the PNS tissue parallel the clinical course of EAN, implicating Th1-related
cytokines in the pathogenesis of EAN (Zhu et al., 1994b; 1998a; Fujioka et al., 1998). Th2 cells
suppress cell-mediated autoimmune diseases (Kuchroo et al., 1995; Mosmann and Sad, 1996).
However, Th2 cytokines such as IL-10 suppress clinical EAN, and this suppression is associated
with down-regulation of Thl responses and functions (Bai et al., 1997a). On the other hand, Th2
cells produce cytokines such as IL-4, IL-6 and I[L-10 that facilitate the production by B cells of
antibodies involved in the tissue damage in EAN, suggesting that the relation of pro-

inflammatory and Th2-associated cytokines in autoimmune disease is extremely complex. In
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general, an adequate balance between Thl and Th2 responses is necessary for a successful

immune response, whereas a disturbed balance may lead to disease.

IFN-yin EAN

Among the cytokines that orchestrate cellular interactions during an immune response is [FN-y

a pro-inflammatory cytokine mainly produced by CD4" Thl cells and NK cells. IFN-y exerts
many immunoregulatory effects, including activation of macrophages and stimulation of
macrophages to release oxygen radicals, which can destroy myelin. IFN-y promotes T cell
homing to the PNS and enhances vascular permeability, thus playing a crucial role in
inflammation in both EAN and GBS. IFN-y induces MHC antigens, particularly MHC class II
expression on macrophages, cultured Schwann cells, and adhesion molecules on endothelial
cells, macrophages, T cells and Schwann cells (Gold et al., 1995). IFN-y and TNF-o also up-
regulate cytokine-inducible nitric oxide (iNO) synthase mRNA in Schwann cells and precipitate
the release of nitrite in a dose-dependent manner (Gold et al., 1996). IFN-y plays an important
role in the pathogenesis of EAN (Schmidt et al, 1992). The levels of IFN-y parallel the clinical
signs of EAN (Zhu et al., 1994a; 1998a; Fujioka et al., 1998). IFN-y positive cells were found in
nerve roots in EAN rats and their levels correlated with levels of MHC class II expression during
the course of the disease (Schmidt et al., 1992). IFN-y receptor—deficient mutant (IFN-yR'/ ) mice
exhibited later onset of clinical disease associated with less demyelination, supporting the idea
that IFN-y contributes to promote a Thl cell-mediated immune response (Zhu et al., 2001).
Elevated serum levels of IFN-y have been reported in GBS during the acute phase, indicating
that Thl response may be dominant in GBS (Hohnoki et al., 1998). However, IFN-y levels in

serum from GBS revealed no difference compared to controls (Exley et al., 1994).

IL-4 in EAN

IL-4 is a pleiotropic cytokine with multiplicity biological activities on different cell types. IL-4 is
mainly produced by activated Th2 cells, and contributes to regulate B and T cell growth,
immunoglobulin secretion and suppress the inflammatory function of macrophages. IL-4 and
IFN-y regulate each other’s activities through a feedback mechanism (Paludan, 1998). In EAN,
IL-4 mRNA expression in mononuclear cells (MNC) from lymph nodes and spleen cells, in the
presence of PNS myelin antigens, was increased during the recovery phase. Nasal administration
of rat recombinant IL-4 was associated with low-grade inflammation and milder demyelination

within the sciatic nerves (Deretzi et al., 1999). Absence of IL-4 in [L-4 deficient mice with
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experimental autoimmune encephalomyelitis (EAE), an analogous T cell-mediated inflammatory
demyelinating disease of the central nervous system (CNS), was associated with more severe
clinical signs, more extensive pathological changes and higher expression of pro-inflammatory
cytokines in the CNS when compared to EAE in wild-type mice, indicating the important role of
IL-4 in the modulation and amelioration of the severity of the autoimmune disease (Falcone et
al., 1998). Elevated serum levels of [L-4 have been found in GBS of the late phase (Hohnoki et
al., 1998).

Chemokines in EAN

Chemokines are a group of small cytokines that are structurally and functionally related and are
involved in the directed migration (chemotaxis) and activation of cells, especially phagocytes and
lymphocytes, and thereby play an important role in inflammatory responses (Oppenheim et al.,
1991; Luster, 1998; Ranshoff et al., 1998). Chemokines form a concentration gradient at the
inflammation site (Bleul et al., 1996). The chemokines can be divided into four groups: the C, C-
C, C-X-C and C-X3-C families, based on the position of the first two cysteine residues, which are
arranged in two characteristic patterns: C-X-C and C-X;-C, which characterize the o subfamily,
and C-C and C, which characterize the B subfamily (Murphy, 1996). The four groups of
chemokines act on different cell types. C chemokines are particularly chemotactic for CD8" T
lymphocytes (Kelner et al., 1994). C-C chemokines, such as MIP-1oc and MCP-1, enhance the
migration of monocytes/macrophages and T lymphocytes (Schall, 1991), but not neutrophils
(Tessier et al., 1997). C-X-C chemokines, such as MIP-2, enhance migration of neutrophils
(Spanaus et al., 1997), but not MNC. C-X;-C chemokines are tethered directly to the cell
membrane via a long mucin stalk and induce both adhesion and migration of leukocytes (Nelson
and Krensky, 1998). Chemokine production by T cells, macrophages and astrocytes leads to the
infiltration of inflammatory cells into the CNS during the acute phase of EAE (Miyagishi et al.,
1997). The inflammatory cell infiltrates in the PNS are composed of lymphocytes, macrophages
and granulocytes. These cells exert some of their effector and immunoregulatory functions
through chemotactic cytokines such as MIP-1o,, MIP-2, MCP-1 and the regulated-upon-activation
normal T cell expressed and secreted chemokine (RANTES), which belong to a family of small
basic pro-inflammatory cytokines. Chemokines are important mediators of inflammation,
influencing lymphocyte and granulocyte migration (Ranschoff et al., 1998). Therefore,
chemokines play an important role in EAN, in which inflammation is restricted to the PNS and
nerve roots, with infiltration by T cells and macrophages (Hartung et al., 1995). Chemokines that

act towards T cells and mononuclear phagocytes are upregulated during the clinical course of
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EAN (Kieseier et al., 2000). The expression and distribution of CXCR-3 suggest a specific role of
this receptor in chemokine mediated lymphocyte traffic into the inflamed PNS tissue and
contributes to the pathogenesis of PNS disease (Kieseier et al., 2002). MCP-1 is known to play a
significant role in the migration of leukocytes from blood into tissue during inflammatory
processes (Karpus and Kennedy, 1997). In addition, MCP-1 attracts T lymphocytes and MNC
phagocytes (Rollins et al., 1990). MIP-2 is chemotactic, promotes migration of neutrophils and
plays a role in the regulation of angiogenesis during wound repair, inflammation, and the growth
of solid tumors (Driscoll et al., 1995). MIP-2 does not influence the migration of macrophages
(Driscoll et al., 1995; Feng et al., 1995) or MNC (Spanaus et al., 1997). High-level expression of
chemokine mRNAs, including those of IFN-y inducible protein-10 (IP-10), MCP-1, MIP-1¢. and
RANTES, was seen in the cauda equina of EAN Lewis rats immunized with P2 peptide 53-78
(Fujioka et al., 1999a; b).

Immunotherapy in EAN

Efforts are being made to find therapies that selectively alter inflammatory properties of
autoimmune diseases. Several approaches have been proposed for immunotherapy of EAN. The
goal of immunotherapy of EAN is to develop an antigen-specific, non-toxic treatment that

suppresses the immune response in the target organ of specific inflammatory diseases.

Tolerance

Oral tolerance is a long recognized mechanism of inducing antigen-specific peripheral immune
tolerance. Oral or nasal antigen administration offers several important advantages over parenteral
immunization including higher efficacy to achieve both mucosal and systemic immunity (Xiao
and Link 1997). The induction of tolerance depends upon the route of antigen administration and
the different forms of antigens. Oral administration of specific autoantigens results in immune
tolerance that is mediated by T cell anergy, activation—induced T cell apoptosis (delation),
antibody—mediated suppression and the generation of regulatory cells which mediate active
suppression act via the secretion of suppressive cytokines depending on the dose of antigen
administered (Kagnoff et al., 1996; Weiner et al., 1997; Komagata and Weiner 2000). Moreover,
oral administration of specific autoantigens suppresses the incidence and severity of clinical signs,
as well as the pathological changes of other autoimmune disease models (Javed et al., 1996).
Administration of P2 peptide 57-81 and PO peptides 180-199 and 56-71 by the nasal route

induced tolerance in EAN, which is associated with down-regulated Thl responses (Zhu et al.,
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1998b; Zou et al., 1999a). Araga and co-workers also showed that a peptide of the bovine P2
protein residue 60-70 induced T cell anergy and prevented EAN in Lewis rats (Araga et al., 1999).

Down-regulation of immune responses by anti-inflammatory cytokines

The neutralization of inflammatory cytokines has been successfully achieved. Administration of
anti-IFN-y antibodies before onset of the disease and pharmacological blockade of IFN-y
synthesis alleviate EAN (Strigard et al., 1989; Tsai et al., 1991). Oral administration of type 1
IFN modulates the severity of EAN, possibly by a reduction in IFN-o/p production (Vriesendorp
et al., 1996). Some cytokines such as IL-4, IL-10 and TGF-p have an anti-inflammatory role.
Treatment with the anti-inflammatory cytokine IL-4 after the induction of EAN resulted in
amelioration of clinical EAN and inhibition of inflammation and demyelination in the PNS
(Deretzi et al., 1999). IL-10 is a Th2-type cytokine that suppresses monocyte and Thl cell
functions. Treatment with recombinant human [L-10 (rHulL-10) can suppress clinical EAN, and
this suppression is associated with down-regulation of Th1 responses and macrophage function
and up-regulation of Th2 responses (Bai et al., 1997a). Conversely, IL-10 can induce pro-
inflammatory effects; the administration of rHulIL-10 was found to worsen EAE or to have no
effect on the disease in the mouse (Cannella et al., 1996). Some cytokines with pro-inflammatory
activity such as IFN-y also have anti-inflammatory effects (De Maeyer et al., 1992).
Administration of IFN-B is accompanied by a reduction in inflammatory cells in the sciatic
nerve; there was a decrease in the migration of inflammatory cells into the peripheral nervous
tissue (Zou et al., 1999a; b). In EAN, TGF- may not only reduce the number of macrophages
invading the nerve, but it may also inhibit the function of activated macrophages that have
already invaded the peripheral nerves and caused myelin damage (Jung el al., 1994). TGF-32
holds promise as a therapeutic agent to combat EAN. Neutralizing antibodies to IL-18 can
ameliorate EAN by counter-regulation of Thl response (Yu et al., 2002). Also Kieseier and
Hartung (2002) demonstrated that a synthetic antagonist of RANTES can blockage EAN. Other
approaches include inhibition of caspases and calpains that are activated by calcium entry into
axons. Calpain inhibitors could protect the axons against antibody-mediated complement-
dependent injury. These findings encourage the application of these therapeutic approaches in

the human diseases GBS and chronic inflammatory demyelinating polyradiculoneuropathy.
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Other treatments

Infusion of fresh plasma and IgG immunoadsorption suppressed the clinical signs of chronic
EAN (Harvey et al., 1989a; Harvey et al., 1989b). Treatment with the synthetic
immunomodulatory compound Linomide, which suppressed several experimental autoimmune
diseases (Zhang et al., 1997; Pekarski et. al., 1998; Zhu et al., 1999), is effective at inhibiting the
clinical manifestations and histopathological changes of EAN (Bai et al., 1997b; Zhu et al.,
1999). Linomide induces a shift towards Th2 cytokines, and may play an important role in the
control of T cell-mediated autoimmunity (Diab et al., 1998; Zhu et al., 1999). Treatment with the
monoamine reuptake inhibitory anti-depressants clomipramine, imipramine and zimeldine during
the clinical course of EAN is also effective. Clomipramine, imipramine and zimeldine
suppressed clinical signs and T and B cell response to myelin proteins in EAN (Zhu et al.,
1998c¢). The 5-HT reuptake inhibiting antidepressants also exerted a modulatory effect on MHC
class I and II expression in macrophages from EAN rats (Zhu et al., 1994a).

Another phosphodiesterase inhibitor, pentoxifylline (Pox), has been shown to have
immunomodulatory effects in vitro and in vivo (Rott et al., 1993). Pox has effects similar to
those of Rolipram, such as inhibition of T cell proliferation, Thl-type cytokines and TNF-o
production. In addition, the use of immunosuppressive drug Leflunomide halted the progression
and markedly reduced the severity of EAN (Korn et al., 2001). An attractive approach has been
achieved to protect axons from injury by using sodium channel-blocking pentapeptide (QYNAD)
that was elevated in CSF of GBS patients (Brinkmeier et al., 2000). These data suggest that
partial sodium channel blockade might be a straightforward and readily applicable clinical
therapeutic tool. A number of novel concepts concerning immunotherapy are being developed
for the treatment of GBS in particular and T cell-mediated autoimmune disease in general. Some
of them are very promising while others are not suitable for clinical application. The
therapeutical strategies employed in these studies are based on neutralization or removal of
antibodies, inhibition of T cell response and inhibition of the action of macrophage effector

molecules, in addition to the effects of immunomodulator and antidepressant drugs.

Alzheimrer's disease (AD)

Alzheimer's disease (AD) is a neurodegenerative disorder and the most common cause of
dementia in the Western world, accounting for 50-60% of all dementia cases (Hardy, 1997). It is
characterised neuropathologically by the deposition of extracellular amyloid plaques containing
aggregates of the amyloid B (AP) peptide, as well as by intracellular aggregation of

neurofibrillary tangles and selective neuronal cell loss accompanied by cerebrovascular
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amyloidosis. It is clinically characterized by a progressive mental disturbances and personality
changes during the course of the disease (Reisberg et al., 1989). The disease affects between 5-
10% of the population over the age of 65 and 25-50% over the age of 85 (Morris, 1996).

Neuropathology

Pathologically AD affects different regions of the brain but mainly the hippocampus and
neocortex. The abnormal histological lesions are the extracellular and intracellular deposits of
insoluble fibrous matter. The extracellular deposits are the plaques and cerebrovascular deposits
containing the AP peptide (Glenner and wong, 1984). The intracellular deposits are filamentous
inclusions found in the cell bodies of neurons known as neurofibrillary tangles (NFT's)
(Grundke Igbal et al., 1986). (NFT"s) affect neurons in specific regions of the brain, particulary
the neocortex, the limbic structure (entorhinal cortex, hippocampus and amygdala) as well as the
nucleus basalis. Structurally, both NFTs and neuropil threads (NTs) contain insoluble paired
helical filaments (PHFs) and straight filaments (Haugh et al., 1986). NFTs are mainly composed
of abnormal hyperphosphorylated forms of the microtubule-associated protein tau (Grundke-
Igbal et al., 1979). Tau proteins and especially A may eventually elicit local immune responses
and inflammation in the brain (Patterson, 1995), with local complements production (McGeer
and McGeer 1999a).The neuropathology of AD also includes selective neuronal cell and synapse
loss, atrophy of the brain, gliosis and neurotransmitter deficits in the neocortex, hippocampus

and amygdala (Braak and Braak, 1991).

Senile plaques (SP)

Senile plaques are associated with extracellular Ap amyloid deposits and comprise accumuled
degenerated neuronal processes, reactive astrocytes and activated microglial. The AP peptide
found in AD brain plaques and cerebrovasculature is a 39-43 amino acid peptide (Dickson, 1997)
that is generated from the amyloid precursor protein (APP) (Glenner and Wong, 1984). Amyloid
related plaques in AD brain are classified as diffuse, compact and neuritic (Wisniewski and
Weigel, 1994). The classic neuritic plaques are extracellular deposits of fibrillar AP, surrounded
by dystrophic neurites, astrocytes and actived microglia. Diffuse plaques or preamyloid deposits
are more light and almost occur in granular deposits without a clearly fibrillar compacted center
(Silverman et al., 1997). Compact plaques are characterized by accumulation of an amyloid core
without detectable dystrophic neurites (Dickson, 1997). Plaque formation is also present in the

brain of non-demented elderly, but in lower numbers than in AD. However the excessive
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presence of compact and neuritic plaques remains the main characteristic feature of AD (Braak

and Braak, 1991).

Neuronal loss

The earliest neuronal cell loss in AD brain is that of pyramidal neurons in the entorhinal cortex,
layers IT and IV as well as in the subiculum and CA1 subfield (Gomez-Isla et al., 1996, West et
al., 1994; West and Slomianka, 1998). Other regions with neuronal cell loss are in subcortical
nuclei, such as nucleus basalis of Meynert, the locus coeruleus and dorsal Raphé (Vogels et al.,
1990). Synaptic loss is detected also in the frontal and parietal cortices, with AD patients
showing an average reduction of presynaptic terminal dencity of 45% (Masliah et al., 1991).
There is a direct correlation between the extent of synaptic loss, formation of NFT changes and
cognitive alterations in AD patients (Gomez-Isla et al., 1996, 1997). The presence of SP and
NFT contribute less to the degree of dementia than does the extent of synapse loss (Terry et al.,
1991; Heinonen et al; 1995).

Amyloid precursor protein (APP) in AD

Evidence supporting the key role of Ap in the pathogenesis of AD has arisen from several lines
of research most notably the study of various familial alzheimer’s disease (FAD) mutations in
the APP as well as the presenilin genes. Levels of total Ap were elevated early in dementia and
strongly correlated with cognitive decline (Néslund et al., 2000). Elevated levels of AP, are the
predominant and initially depositing form of AP in the amyloid plaques that significantly
contributes to AD pathogenesis. The AP peptide is derived from a proteolytic processing of APP
that is in itself a membrane-spanning glycoprotein with a single transmembrane and a large
extracellular domain, as well as a short cytoplasmic carboxy-terminus (Kang et al., 1987). APP
is an evolutionary conserved glycoprotein that occurs ubiquitously in many different species and
tissues (Tu et al., 1992). APP includes three major isoforms, APPgsos. APP7s; and APP77o (Kang et
al.,, 1987; Tanzi et al., 1987). APPgsos is the most abundant isoform expressed in neurons.
Neurons express the highest levels of APP and secrete the most AP peptides (Haass et al., 1992;
Tanzi et al., 1993). Both APP;s; and APP77 residue isoforms are expressed in non-neuronal cells
such as glial cells and platelets. Other types of cells in the brain that express APP and release AP
are microglia, endothelial, astrocytes and smooth muscle cells. The function of APP is poorly
known. It has been proposed to be involved in neurite outgrowth and cell proliferation (Saitoh et

al., 1989; Milward et al., 1992). APP may normally play excitoprotective and neuromodulatory
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roles (Mattson et al., 1993). In contrast, AP exacerbates the pathogenic processes that gave rise
to neurotoxicity related to oxidative stress (Markesbery and Carney 1999). AP4, is the most
likely sources for inflammation in the brains of AD and Downs syndrome cases (Mann and
Iwatsubo, 1996). The excessive amounts of AP can lead to the formation of intracellular and
extracellular amyloid aggregates. Recently it has been demonstrated that ABs, accumulates
inside the cells (Gouras et al., 2000). However, the clearance mechanisms of the secreted AP are
poorly understood (Hartmann et al., 1997). The majority of AD cases occurs sporadically and
constitute about 90%. The remaining 10% of cases are considered as FAD where there are
genetic mutations (Tanzi et al., 1996). The first specific genetic cause of AD was identified in
APP gene and seems to be responsible for small population of FAD (Goate et al., 1991). The
single mutations have been identified at codon 717 of APP (V7171, V717G, V717F) and 716
(1716V) (Goate et al., 1991; Chartier-Harlin et al., 1991; Murrell et al., 1991; Eckman et al.,
1997), as well as the Swedish double mutation at codons 670 and 671. These mutations alter
APP processing to give an overproduction of AB. The mutations at residue 717 increase ApBi.4z
(Suzuki et al., 1994), while the Swedish mutations increase the production of both AP, and
APBi.40 (Cai et al., 1993). Presenilin-1 (PS1) and (PS2) mutations increase the production of AP,
(Borchelt et al., 1996; Duff et al., 1996, Scheuner et al., 1996). Brain tissues from individuals
suffering from Down’s syndrome possess an extra copy of the APP gene on chromosome 21 and
develop neuropathological changes similar to AD at an early age in life (Selkoe et al., 1994;

Iwastsubo et al., 1995).

Inflammation in AD

The deposition of human AP in mouse brain tissue might induce a local inflammatory cascade
(Mehlhorn et al., 2000). Also the interaction of different inflammatory molecules induces
production of other inflammatory mediators such as local upregulation of complement,
cytokines, chemokines and acute phase proteins which are likely to significantly exacerbate the
pathogenic processes that gave rise to the inflammatory mechanisms in AD brain. Inflammatory
molecules are significantly elevated in AD brain and these inflammatory components may either
mediate the degeneration or be engaged in repair and regeneration in some cases (McGeer and

McGeer 1998; Apelt and Schliebs, 2001).

Cytokine and Chemokine pathways in AD

An abnormal immunological response and inflammatory cytokine production is proposed to be
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involved in the pathogenesis of AD (Du et al 1999). The expression of harmful mediaters such
as cytokines, IL-1 and tumor necrosis factor (TNF)-o, chemokines, IL-8 and MCP-I and the
adhesion molecule ICAM-1 is associated with inflammation or gliosis (Galassoet al., 2000;
Rancan et al., 2001). Activated microglia and astrocytes in the brain contribute to brain
inflammation partly by secretion of proinflammatory cytokines (Engel et al., 2000). Cytokines
play a major role in the initiation, propagation and regulation of immune and inflammatory
responses and induce direct actions on neuronal and glial cells during damage, and repair
processes (Rothwell and Strijbos 1995; McGeer and McGeer 1999b; Luterman et al., 2000). The
pathogenic role of local immune reactions in AD is supported by elevated proinflammatory
cytokines, such as IL-1 and IL-6 in cerebrospinal fluid (Blum-Degen et al 1995) and plasma
(Licastro et al 2000) of AD patients, as well as an increased oxidative burst (Durany et al 1999;
Prasad et al 2000). TNF-o and IL-1P exert their neurotoxicity by upregulation inducible NO
synthase (iNOS) (Stoll et al., 2000). The overexpression of IL-1 in AD has led to the suggestion
that IL-1 plays a key orchestrating role in plaque evolution and promotes the synthesis and
processing of APP. Furthermore, IL-6 may contribute to neuritic plaque formation, since the
expression of IL-6 immunoreactivity in microglia has been demonstrated in histological studies
in the frontal temporal, parietal cortex and in hippocampus of AD brain associated with diffuse
plaques without neuritic pathology (Bauer et al., 1991). IL-6 induces acute phase proteins,
increases vascular permeability, lymphocyte activation and antibody synthesis that is associated

with CNS destructive and behavioral deficits (Heyser et al., 1997).

IL-12

IL-12 is a heterodimeric cytokine consisting of two disulfide bound subunits, named p35 and
p40 based on their approximate molecular weights, which are encoded by genes located on
separate chromosomes and are regulated independently (Siburth et al., 1992). The two chains
become covalently linked to form the active part p70 heterodimer (Kobayashi et al., 1989). IL-
12 activities are mediated through their receptor that is composed of two subunits, namely 1
and B2 (Maurice et al., 1998). [L-12 promotes the development of Th-1 type immune responses
and is a powerful inducer of [FN-y production by T cell and NK cells (Trinchieri, 1998). IL-12
also induces cell-mediated cytotoxicity and exerts co-mitogenic effects on T cells (Storkus,
1998). IL-12 plays an important role in the normal host defense against infection by a variety of
intracellular pathogens and is produced by the phagocytic cell: monocyte-macrophages and

dendritic cells (Ma et al., 1995), in response to infection by bacteria or parasites. IL-12 is also
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confirmed to play a central role in the pathogenesis of inflammatory disorders by shifting the T
cell response to the Thl type (Caspi et al., 1998), and together with IFN-y is involved in the
pathogenesis of several CNS disorders (Navikas and Link, 1996). The role of IL-12 p40 in
Multiple Sclerosis (MS) brain lesions has been well documented (Windhagen et al., 1995).
Increased numbers of IL-12 p40 mRNA expressing blood MNC in MS patients were reported
(Matusevicius et al., 1998; Deretzi et al., 1999). IL-12 is considered as an ideal target for the
intervention in the therapy of autoimmune and inflammatory diseases and as an attractive target

for immunotherapy in the future.

IFN-y

The potential role for IFN-y, to promote neuronal differentiation in cultured cortical and septal
neurons has been demonstrated (Erkman et al., 1989; Jonakait et al., 1994). IFN-y is associated
with neurodegeneration in the CNS lesions (Navikas and Link, 1996), and possesses numerous
immunoregulatory effects, including activation of microglia and stimulation of microglia to
release oxygen radicals, which are linked with toxic effects to the CNS. Additionally, IFN-y
increased vascular permeability, which underlines potential damage in the inflammation
accompanying neurodegenerative diseases. Another potential role of IFN-y is to induce a
substantial increase in the expression of MHC class I and class II antigens on astrocytes,
oligodendrocytes and microglia (Hirayama et al., 1986; Cogswell et al; 1991). IFN-y promotes
the effects of TNF-o and IL-1 and may exhibit a synergistic biological effect with TNF-o. on up-
regulation of expression of adhesion molecules on macrophages (Vassalli, 1992). Administration
of recombinant IL-12 modulates the effects of IFN-y (Gately et al., 1994). IFN-y mediate the
expression of MCP-1 on monocytes or on microglia with AR (25-35) (Meda et al., 1996).
Overproduction of IFN-y and TNF-o from NK cells could be involved in the progression of
neurodegeneration and dementia (Solerte et al., 2000). IFN-y in combination with TNF-o or IL-
1B seems to trigger APj4o and A4 production by supporting [-secretase cleavage of the
immature APP molecule (Blasko et al., 2000). Neurotoxicity induced by LPS or AB;.4> plus IFN-
Y to rat cortical microglia and neurons cultures results in the production of peroxynitrite as a

mediator of the toxicity of activated microglia, which play a major role in AD (Xie et al., 2002).

IL-4
IL-4 is an anti-inflammatory cytokine in CNS disorders that plays a potential role in regulating
immune responses in the CNS (Navikas and Link 1996). However, the role of IL-4 in the
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neurodegenerative disorders is still unclear. The trophic effects of IL-4 on hippocampal neuronal
cultures have been demonstrated and may be mediated by glia-derived factors (Araujo and
cotman, 1993). The neuroprotective role of IL-4 against activated microglia has been reported
through the inhibition of IFN-y priming of microglia with a subsequent decrease in the
production of TNF-a and nitric oxide (Chao et al., 1993). Recombinant IL-4 inhibited LPS-
induced synthesis of TNF-a and IL-6 in human blood tested in vitro (Guzdek et al., 2000).
Furthermore, IL-4 down regulates TNF-o and IL-6 production in human peripheral monocytes
by decreasing gene expression. This unique property of IL-4 may be important in the regulation
of the immune response (Essner et al., 1989). IL-4 and other anti-inflammatory cytokines, such
as IL-10 and IL-13, can down-regulates microglial responses to AP (Szczepanik et al., 2001).
However, the gene expression of the Th2 cytokine transcription factor, GATA-3, correlated with
IL-4 and IL-10 in the brains of neonatal but not adult mice (Lovett-Racke et al., 2000). This
finding indicated that brain-derived Th2 cytokines play an important role in the CNS

development and potentially contribute to the immune-privileged nature of the brain.

The role of Chemokines in AD

The up-regulation of chemkines and chemokine receptors (CCR) has been observed in resident
CNS cells in AD brain (Xia and Hyman 1999), indicating that chemokines may contribute to
plaque formation associated inflammation and neurodegeneration in the CNS. Up regulation of
CXCR2 expression has been found in some dystrophic neuritis in senile plaques (Xia et al.,
1997). Moreover, the expression of CCR3 and CCRS5 was increased on some reactive microglia
in AD, and MIP-1P was also found in reactive astrocytes (Xia et al., 1998). Also, the expression
of MCP-1 is associated with mature senile plaques and reactive microglia, but not found in
immature senile plaques. It is likely that plaque—associated chemokine production plays a role in

the recruitment and accumulation of astrocytes and microglia in senile plaques.

The role of microglia and astrocyte in AD

Activated microglia by neuronal degeneration may participate in local inflammatory cascade
that promotes tissue damage and contributes to amyloid plaque formation (Sasaki et al., 1997;
McRae et al., 1997; Halliday et al., 2000). The strong age association of AD incidence suggests
that there is age—associated increase in microglial activation (Sheng et al., 1998). Furthermore,
activated microglia increased the expression of surface antigens, including MHC class I and II,

and cell adhesion molecules (Perry, 1994). Although in normal brain microglia play
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neurotrophic roles (Streit et al., 2000), activated microglia have been demonstrated to be
involved in plaque formation and play neurotoxic effects in vitro by producing a different pro-
inflammatory mediators (Haga et al., 1993; Griffin et al., 1995). These inflammatory molecules
include cytokines, complement, reactive oxygen, secreted proteases and nitric oxide (Banati et
al., 1993). AP can induce the activation of microglia to produce inflammatory cytokines and
chemokines as well as superoxide free radicals in vitro (Cotman et al., 1996 Mehlhorn et al.,
2000). In addition, macrophage colony stimulating factor (M-CSF) strongly augmented AP
deposits and induced microglial production of pro-inflammatory cytokines and nitric oxide
(Vincent et al., 2002). Also elderly human microglia provides a brain endogenous source for a
wide range of inflammatory mediators (Lue et al., 2001). Microglia may be an important source
of AP protein in AD and AP production can be augmented by microglia activation in response to
an insult and to stimuli such as the bacterial endotoxins. Also there is evidence that microglia
itself can process APP and generate AP (Bitting et al., 1996). The neurotoxic AP(25-35)
fragment was found to be the biologically active part that mediates the toxic effects of AB(1-40)
(Yankner et al., 1990). Treatment with AP sequence HHQK has beneficial effects in rats with
chronic intraventricular infusion of AP which reduces microglia activation, presumably by
blocking AP interactions with receptors on the microglial cell surface. This finding suggests that
activation of microglia by exposure to AP may be a crucial step in the initiation of the
inflammation seen in AD (Giulian et al., 1998). Recently, it was reported that the suppression of
signaling events necessary for microglia activation through vitamin E slows down the
inflammatory process in AD patients (Li et al., 2001). Inflammation mediated by activated
microglia is an important characteristic of AD pathophysiology and strategies to control this
response could provide new therapeutic approaches for the treatment of AD.

Astrogliosis is one of the neuropathological features of AD, and is mostly characterize by
an abundance of reactive astrocytes, particularly in association with senile plaques (Pike et al.,
1994). Astrocytes may play an important role in the progression of neurodegenerative diseases
(Vernadakis et al., 1996). Normally, astrocytes are mainly involved in the functions of ion
homeostasis, energy storage in the form of glycogen, catabolism of different toxins, and growth
factors to maintain the neurons survival (Tacconi et al., 1998). In response to disease or injury,
astrocytes become reactive, producing additional factors as well as cytokines and expressing
surface proteins that may enhance axonal regrowth (Ridet et al., 1997). Reactive astrocytes are
associated with neuritic degeneration rather than the diffuse (noncongophilic) plaque (Hardy and

Allsop, 1991). Both astrocytes and microglia are clustered surrounding the amyloid deposits
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(Mark et al., 1996). The astrocytic response was associated with AP plaques in vitro in an
aggregated structure and causing neurotoxicity (Pike et al., 1994). Furthermore, astrocytes may
contribute to impairing the natural ability of microglia to clear plaques. This is consistent with
the preferential localization of proteoglycans to mature neuritic plaques. In response to different
stimuli, astrocytes are capable to express a wide range of inflammatory mediators, such as the

pro-inflammatory cytokines IL-1 and [L-6 (Del Bo et al., 1995).

Animal models of AD

The availability of stable transgenic mouse strains has been advocated as providing important
model systems for gathering information about the physiology and the in vivo function of the
expressed gene and gene-product, particularly for brain related disorders. There has been
enormous progress in generating such mice, as APP or presenilin overexpressing mice that
model aspects of the human neurodegenerative diseases. Transgenic mice overexpressing APP
have been created, that simulate some of the prominent behaviour and pathogical features of AD
(Hsiao, 1997). A transgenic mouse model for AD should mimic the age-dependent accumulation
of AP plaques, neurofibrillary tangles, neuronal cell death as well as display memory loss and
behavioral deficits. However, so far there is no single animal model that can mimic the full
range of neuropathological alterations that exists in AD (Hsiao 1998). The APP transgenic
mouse models are being comprehensively characterized and offer excellent perspectives for
studing the early biochemical and pathological aspects that are not accessible in human AD
patients. Multiple transgenic mice may provide an improved approach (Van Leuvan, 2000).
Studies of APP or presenilin transgenic mice show there is no requirement for a maturation step
in dense core plaque formation. Evidence that AP deposition is directed by regional factors and
impairment in learning and memory are observed before AP deposition. The crossing of APP
transgenic mice with mice modified for known AD risk factors may be necessary to view the
complete replication of AD (Guenette et al 1999).

Tg2576 mice overexpressing human APP containing the double mutation Lys 670-Asn, Met
671-Leu that was found in a large swedish family with early onset AD (Mullan et al., 1992), and
inserted into a hamster prion protein (PrP) gene promoter in C57B6/SJL F1 hybrid mice
backcrossed with C57B6 over many generations, show normal spatial memory at three months
of age but impairment by 9 to 10 months. Aged Tg2576 mice show a five-fold increase in AB(1-
40) and a very high increase in APB(1-42/43) together with memory deficits (Hsiao et al., 1996).

Mice with elevated amounts of AP developed numerous amyloid plaques and AP deposits in
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selected cortical areas and limbic structures (Irizarry et al., 1997). Amyloid plaques appeared to

stimulate a cellular inflammatory response in the brain. Both hypertrophic astrocytes and

activated microglia surrounded the plaques (Irizarry et al., 1997; Frautschy et al., 1998). Markers

for oxidative lipid and glycoxidative damage as well as to antioxidant defence enzymes such as

heme-oxygenase and superoxide dismutase were observed in transgenic animals, in a similar

way to that found in AD (Pappolla et al., 1998). Absence of neuronal cell loss in the CAl and

loss of synaptic density in hippocampus was not detected in aged mice known to develop

memory impairment (Irizarry et al., 1997). However, these mice represent a model of AD caused

by the APP Swedish mutations and may not be able to represent the spordic type of AD.

The machnisms of the pathological cascade in AD is presented in the Fig. 2.
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Fig. 2. The pathological cascade in AD.
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GENERAL AIMS OF THE THESIS

The general aims of the thesis were to investigate disease mechanisms and therapeutic
modulations in human GBS and AD by using EAN and Tg2576 mice as animal models so as to

improve understanding of the pathogenesis of inflammation in the PNS and CNS.

The specific aims of this study were:

Paper L.

To define the profile of MIP-1¢, MIP-2 and MCP-1 production in the target organ during the
course of EAN, and to study the effect of neutralization of MIP-1c,, MIP-2 and MCP-1 by in
vivo administration of anti-MIP-1o., anti-MIP-2 or anti-MCP-1 antibodies.

Paper I1.
To study the therapeutic effect of Rolipram on cytokine and chemokine profiles in sciatic nerves

of EAN rats.

Paper I11.
To investigate the effect of ABR-215062 on the clinical course of EAN and the histopathological

changes as well as immune response in the PNS.

Paper IV
To elucidate the mechanisms involved in AB-mediated inflammation and to study the potential

roles of IFN-y, IL-12 and IL-4 in neurodegeneration using transgenic mice (Tg2576).
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MATERIALS AND METHODS

Animals

Male Lewis rats, body weight 160-180 g (6-8 weeks old) were purchased from Charles River
Co. (Sulzfeld, Germany). And male Tg2576 mice and age matched male non-transgenic
littermates as controls at various postnatal ages ranging between 3-19 months old. All mice were
born and bred in our own colony except for the animals in the 17-19 month age group that were
received as gifts from Pharmacia and Upjohn Inc, Kalamazoo (USA) and Merck Sharpe and
Dohme Ltd, Essex, (UK).

Tissue Preparation

Mice were sacrificed by cervical dislocation and the brains rapidly removed. One hemisphere
from each animal was fixed in 1% paraformaldehyde/PBS before being used for AR
immunohistochemistry. The other hemisphere was immediately frozen in powered dry ice and

stored at -80°C, until use for in situ hybridization and immunohistochemistry.

Antigens and immunoreagents

Bovine peripheral myelin (BPM) was prepared from the lumbosacral plexus according to the
procedure of Norton and Poduslo (1973). The neuritogenic P2 protein peptide, corresponding to
amino acids 57-81 of bovine PNS myelin P2 protein (Olee et al., 1988) and the neuritogenic PO
protein peptide, corresponding to amino acids 180-199 of PNS myelin PO protein (Adelman and
Linington, 1992), were synthesized by solid-phase stepwise elongation using a Tecan peptide
synthesizer (Multisyntech, Bochum, Germany). Mass-spectrometry showed the expected masses
as major components in the spectra. Anti [FN-y, anti-IL-4 and anti-TNF-o antibodies were
provided by the Department of Cytokine Research of the University of Utrecht (Netherlands).
The rabbit polyclonal antibodies to MIP-1o, MCP-1 and MIP-2, and the mouse monoclonal
antibodies (mAbs) W3/25 (anti-rat CD4, T helper cells), Ox8 (anti-rat CDS, T
cytotoxic/suppressor cells), CD3 (anti-rat T cell) and ED1 were purchased from Biosource
(Camarillo, Calif., USA) and Serotec (Oxford, UK), respectively. Biotinylated swine anti-rabbit
IgG was purchased from Dakopatts (Copenhagen, Denmark), and biotinylated mouse anti-rat
IgG were purchased from ams (Frankfurt, Germany). The avidin-biotin peroxidase complex was

obtained from Vector Labs (Burlingame, Calif., USA).
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Compounds
Rolipram was kindly provided by Scherring AG, Preclin, Drug Research, Berlin, Germany.
ABR-215062 and Linomide were a generous gift from Active Biotech Research AB, Lund,

Sweden.

Anti-MIP-1 0, MCP-1 and MIP-2 antibodies blocking
Anti-MIP-1¢,, anti-MCP-1 and anti-MIP-2 antibodies were injected subcutaneously into EAN

rats at a dose of 30 ug/rat/day from day 0 to day 10 post-immunization (p.i.) (paper I).

Rolipram therapy in vivo

Rolipram therapy was started at the time of onset of clinical signs of EAN, i.e., from day 9 to 18
p.i. Rats were injected intraperitoneally twice daily with 3 mg/kg (0.6 mg/rat/day) or 15 mg/kg
(3 mg/rat/day) of Rolipram (paper II).

In vivo treatment with ABR-215062

ABR-215062 was dissolved in PBS and administered by a daily subcutaneous injection from the
day of immunization to day 35 p.i. Groups of 10 rats received ABR-215062 at 0.16, 1.6 or 16
mg/kg/day, respectively, while 10 rats received Linomide at 16 mg/kg/day and 10 rats received
PBS daily, serving as a sham-treated control group (paper III).

Induction of EAN and assessment of clinical signs

All animals were immunized by injection into both hind footpads with altogether 200 ul of
inoculum containing 5 mg of BPM (Paper I) or 230 ug of P2 peptide 57-81 (Paper II) or 100 pg
PO peptide 180-199 (Paper III), and 2 mg Mycobacterium tuberculosis (strain H 37 RA; Difco)
emulsified in 100 pl saline and 100 ul Freund's incomplete adjuvant (FIA) (Difco). The FIA +
M. tuberculosis mixture is referred to as Freund's complete adjuvant (FCA). Rats were monitored
blindly for clinical signs. Body weights and clinical scores were assessed immediately before
immunization (day 0) and every second day thereafter. Severity of paresis was graded as follows:
0, no illness; 1, flaccid tail; 2, moderate paraparesis; 3, severe paraparesis; 4, tetraparesis;

intermediate scores of 0.5-grade increments were given to rats with intermediate signs.

Histopathological assessment
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After animals were sacrificed, segments of the sciatic nerve close to the lumbar spinal cord were
dissected, fixed in 4% para-formaldehyde and embedded in paraffin. Longitudinal sections (5-6
um, two sections from each sciatic nerve) were stained with hematoxyloin-eosin and with luxol
fast blue violet for evaluation of the extent of MNC infiltration and demyelination, respectively.
Tissue areas were measured by image analysis and the number of inflammatory cells was

counted at X20 magnifications.

Immunohistochemistry

Segments of the sciatic nerves were dissected and snap-frozen in liquid nitrogen. Cryostat
sections (10 um) were exposed to rabbit anti-rat MIP-10, anti-MCP-1 or anti-MIP-2 antibodies,
and to DB1 (anti-rat IFN-y), anti-rat IL-4, anti-TNF-o antibodies, as well as to mouse mAbs
W3/25 (anti-rat CD4, T helper cells), ED1 (anti-rat macrophage) or CD3 (anti-rat T cell)
(Serotec), for double staining. Cryostat sections (10 um) of the cortical region from Tg2576 and
non-transgenic control mice were exposed to mouse monoclonal antibodies (mAb) DBI, anti-
mouse [L-4 and anti-mouse IL-12. The sections were stained according to the avidin-biotin
technique. (Vecta stain Elite kit, Vector Labs). Peroxidase-substrate solution was added until
desired color (yellow) intensity had developed. For double staining, a soluble enzyme immune
complex method was used. After the first staining for measurement of MIP-1¢,, MIP-2, MCP-1,
IFN-y, IL-4 and IL-12 production, the sciatic nerve sections were incubated with mouse mAb
EDI, or W3/25 (anti-rat CD4, T helper cells), or CD3. The brain sections were incubated with
mouse mAb EDI, (anti-rat macrophage/microglia) (Serotec, Oxford, UK), or polyclonal
antibodies to glial fibrillary acidic protein (GFAP) (DAKO), an intermediate filament protein in
astrocytes, which were employed to identify activated astrocytes. Alkaline phosphatase-anti-
alkaline phosphatase (APAAP) complex was added and alkaline phosphatase red substrate (Vecta
stain) applied to give a rose-red color end product on a single-stained cell and a brown product on a
double-stained cell. To identify the cell type, immunohistochemistry combined with in situ
hybridization (ISH) staining was detected for the mRNA expression of [FN-y, IL-4 and [L-12.
Omission of the primary antibodies and incubation with an irrelevant mAb served as negative
controls. Specificity of the staining was also analyzed on sections of peripheral lymphoid organs.
Tissue areas were measured by image analysis and numbers of positive-stained cells and
infiltrates counted at xX20 magnifications in the entire section area. The results from both sections

were averaged and expressed as cells per 100 mm? tissue section.

30



Isolation of MNC from lymph nodes

The popliteal and inguinal lymph nodes were removed under aseptic conditions and cell
suspensions prepared by grinding through a wire mesh. The cells were washed three times in
culture medium before being suspended to 2 x 10° MNC/ml culture medium, consisting of
Iscove’s modification of Dulbecco’s medium (Flow Lab, Irvine, UK) supplemented with 1%
(viv) MEM (Flow), 50 IU penicillin, 60 pug/ml streptomycin (Gibco, Paisley, UK), 2 mM

glutamine (Flow) and 3% normal human AB" serum without mercaptoethanol.

Lymphocyte proliferation assay

200 ul aliquots of MNC suspensions were cultured in triplicates in round-bottomed 96-well
polystyrene microtitre plates (Nunc, Copenhagen, Denmark). For specific lymphocyte
stimulation, 10 pl aliquots of PO peptides 180-199 were added to cultures at a final concentration
of 10 ng/ml. This concentration had optimal stimulatory effects as assessed in preliminary
experiments. Triplicate wells without antigen served as background controls. After 60 h of
incubation, cells were pulsed with *H-methylthymidine (1 mCi/well; Amersham, Little Chalfot,
UK) and cultured for an additional 12h. *H-methylthymidine incorporation was measured in a

liquid B-scintillation counter. The results were expressed as counts per minute (cpm) per culture.

Measurement of levels of IFN-yand TNF-oin supernatants

IFN-y and TNF-o productions were measured from 1 ml of cultures containing 2 x 10° MNC,
which were stimulated with PO peptide 180-199 at a final concentration of 10 pg/ml. The levels
of IFN-y and TNF-o were determined using ELISA as described as paper III. Capture mAb and
detecting polyclonal antibody reactive with rat IFN-y and TNF-o were produced, and the
specificity of antibodies were examined and did not show cross-reactivates with various other
cytokines (Bakhiet et al., 1997). In order to quantify supernatant cytokines, standard curves were
obtained simultaneously by incubating different known concentrations of IFN-y and TNF-o
(CLAL, Utrecht, The Netherlands) for 60 min at RT in wells pre-coated with anti-cytokine mAb.
Development of the plate was performed as described above and the absorbances measured from
the standard concentration of cytokines were used to plot cytokines standard curves using
computer software. The absorbance obtained for the specimens were automatically converted to

pg/ml by the computer from the standard curve.
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Determination of P0 peptide 180-199 specific IgG antibodies

Serum was obtained from blood samples at day 16 p.i. Purified PO peptide 180-199 was coated
onto ELISA plates at 10 pg/ml in a volume of 100 ul/well. After 3 washings, samples were
diluted to 1:400 with PBS applied to the wells and incubated for 2 h at RT. After another 3
washes, biotinylated mouse anti-rat IgG (1:4000, ams) was added and incubated for 2 h at RT.
Three further washes were followed by incubation with avidin-biotin alkaline phosphatase
complex (Vector Labs) for 1 h at RT. The reaction was visualized with p-nitrophenyl phosphate
substrate (Sigma, St. Louis, Mo., USA) and read at 405 nm using an ELISA reader

ISH to detect cytokine mRNA expression for IFN-y, IL-4 and IL-12

ISH was performed as described for brain tissue sections (Zhu et al., 1994b). Briefly, synthetic
oligonucleotide probes (Scandinavian Gene Synthesis AB, Koping, Sweden) were labelled, using
33§ deoxyadenosine-5-(thio)-triphosphate (New England Nuclear, Cambridge, MA) with
terminal deoxynucleotidyl transferase (Amersham, Little Chalfont, U.K.). The oligonucleotide
sequences were obtaind from the GenBank and probes were designed using MacVector software
(IBI, New Haven, CT, USA). After emulsion autoradiography, slides were developed, and
stained with cresyl violet. Coded slides were analyzed by dark field microscopy at 10x
magnification. The results were expressed as numbers of cytokine mRNA per 100 mm? brain
tissue sections. Variation between duplicates was <10%. For all cytokines evaluated, a sense
probe with the nucleotide sequence for rat IFN-y exon 4 was always used as control. This control
probe was used in parallel with the cytokine probe on sections from each specimen, without

revealing any positive cells

Statistical analysis
Differences between pairs of groups were tested by Student's t-test. Differences between the
different groups were evaluated by one factor analysis of variance (ANOVA). The level of

significance was set to p<0.05.

Ethics
Both the EAN model in Lewis rats and the transgenic (Tg2576) mice studies were approved by
the South Stockholm Research Animal Ethics Committee, Huddinge County Court, Stockholm,

Sweden.
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RESULTS

The effects of anti-inflammatory agents on EAN (Papers I-II)

Dynamics of production of chemokines and their potential role in EAN (Paper I)

Dynamics of the expression of the chemokines MIP-1a,, MCP-1 and MIP-2 were determined in
the sciatic nerve of EAN rats. Additionally, the effect of neutralizing chemokine antibodies on
the clinical course of EAN and on chemokine expression was investigated. Rats immunized with
BPM + FCA developed clinical signs of EAN around day 8 p.i. and pronounced clinical signs at
day 14 p.i., followed by gradual recovery until day 36 p.i. Rats injected with FCA only did not
develop any clinical signs of EAN. The highest numbers of MIP-a. positive cells in the sciatic
nerve were seen on day 14 p.i., correlating with the development of severe clinical signs. The
MIP-1a positive cells were scattered in the perineurium and endoneurium of the sciatic nerves of
EAN rats. Administration of anti-MIP-1a antibodies delayed the appearance of the clinical signs
of EAN by 2 days, significantly suppressed the clinical signs from the onset to the recovery
phase, inhibited inflammation and demyelination and reduced the numbers of macrophages in
the sciatic nerve (Fig. 3). The numbers of MIP-a positive cells were significantly higher in EAN
rats compare to FCA-treated control rats on day 14 p.i. The maximum numbers of MCP-1
positive cells in the sciatic nerve were detected on day 7 p.i., and most MCP-1 positive cells
were scattered in the perineurium. Administration of anti-MCP-1 antibodies caused a delay of
onset of clinical EAN and inhibited the clinical signs. Four of the 6 EAN rats receiving anti-
MCP-1 antibodies showed the same degree of inflammatory cell infiltration and demyelination
in the sciatic nerve as sham-treated EAN rats. Only 2 rats revealed less inflammation and
demyelination. The numbers of MIP-2 positive cells reached a maximum on day 21 p.i. The
MIP-2 positive cells were scattered in the perineurium and endoneurium. Anti-MIP-2 antibodies
failed to suppress both the clinical signs of EAN and the inflammation and demyelination in the
sciatic nerve. Only the administration of anti-MIP-1 antibody resulted in a significant reduction
in the numbers of MIP-1o- and EDI-positive cells in the sciatic nerve. The subcutaneous
administration of anti-chemokine antibodies modulated the clinical course of EAN, mainly

reducing the duration and severity of the disease.
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Fig. 3. Micrographs of sections of the sciatic nerve from EAN rats 14 days p.i. stained with hematoxylin (A,
B) or Luxol fast blue (C, D), low-grade inflammation (A) and minimal demyelination (C) is observed in the
sciatic nerve from the EAN rats treated subscutaneously with anti-MIP-1o. antibodies. Inflammatory
infiltrates composed of macrophage and lymphocytes (B) as well as severe regional demyelination (D) are
observed in the sciatic nerve from sham-treated EAN rats(x 200).

Protective effect of Rolipram on EAN (Paper I1I)

Administration of Rolipram was carried out twice daily for 10 days from day 9 to 18 p.i., i.e.,
when rats exhibited clinical signs of EAN. In rats treated with Rolipram at two different doses, 3
mg/kg (0.6 mg/rat/day) or 15 mg/kg (3 mg/rat/day), clinical symptoms of EAN were reduced
compared to the control EAN rats treated with saline/Cremophor. After 4 days of treatment,
significant differences in clinical scores were observed with both doses of Rolipram when
compared to control EAN rats. Histopathological evaluation revealed extensive infiltration of

macrophages and lymphocytes in the sciatic nerve of control EAN rats at day 14 p.i. However,
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there were fewer inflammatory cells in the sciatic nerve of Rolipram-treated EAN rats. There
was significantly higher production of IFN-y in the sciatic nerve of control EAN rats than in
EAN rats treated with either dose of Rolipram. The high dose of Rolipram more strongly
suppressed IFN-y production than the low dose (p<0.01). Chemokine production was significantly
higher in the control EAN rats than in rats treated with the low dose of Rolipram. Similar
patterns of chemokine production were detected in EAN rats treated with the high dose of
Rolipram. Cytokine- and chemokine-positive cells were scattered within the endoneurium and
perineurium of the sciatic nerve. The production of IL-4 in EAN rats treated with either dose of
Rolipram was increased compared to control EAN rats injected with saline/Cremophor. The high
dose of Rolipram increased the production of IL-4 at the maximum of clinical EAN more

strongly than the low dose (p<0.001).

ABR-215062 suppresses clinical EAN and alters Thl/Th2 balance in EAN (Paper I1I)

EAN induced in Lewis rats by inoculation with peripheral nerve myelin PO peptide 180-199 and
FCA was strongly suppressed by ABR-215062 administered daily subcutaneously from the day
of immunization to day 35 p.i. ABR-215062 delayed the onset of clinical EAN by 2-8 days and
reduced the clinical signs of the disease (Fig. 4). These clinical effects were dose-dependent.
ABR-205062 at doses 16, 1.6 and 0.16 mg/kg/day reduced the incidence of EAN by 20%, 30%
and 60%, respectively. There was no significant difference between the highest dose of ABR-
215062 and the same dose of Linomide. Both ABR-215062 or Linomide on day 16 p.i. gave a
significant reduction in infiltration of macrophages, lymphocytes and granulocytes in the sciatic
nerves. A lower grade of inflammation was detected in rats injected with the higher dose of
ABR-215062 than in rats injected with the lower dose (Figs. 5 & 6). ABR-215062 strongly
reduced the demyelination and significantly suppressed and inhibited PO peptide 180-199-
specific T and B cell responses and significantly suppressed T cell proliferation. The suppression
of clinical EAN is associated with inhibition of the inflammatory cytokines IFN-y and TNF-a. in
the sciatic nerves (Fig. 7) as well as in the supernatants and up-regulation of the anti-
inflammatory cytokine IL-4 in the periphery nerve tissues in a dose-dependent manner. The

suppressive effects of ABR-215062 on EAN are quite similar to the effects of Linomide.

35



—®— Sham-treated

Linomide 16 mg/kg
—2&— ABR-215062 0.16 mg/kg
—6— ABR-215062 1.6 mg/kg
—*— ABR-215062 16 mg/kg

Clinical score

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Days post immunization

Fig. 4. Clinical scores of EAN rats (n = 50). EAN was induced in Lewis rats by immunisation on day 0
with PO peptide 180-199 plus Freund’s complete adjuvant. Rats received ABR-215062 at doses of 0.16
(n=10), 1.6 (n = 10), and 16 mg/kg/day (n = 10) and Linomide 16 mg/kg/day (n = 10) from day 0 to 35
post immunisation by the subcutaneous route. Control rats (n = 10) received PBS only. Mean values are
depicted.

Inflammation Demyelination
(A) (B)
3 W Sham-treated
W Sham-treated DOLinomide 16 mg/kg
7000 [O1Linomide 16 mglkg 25 mABR-215062 0.16 mg/kg

BABR-215062 1.6 mg/kg

558
E5 8
H 8000 MABR-215062 0.16 mglkg % e @ ABR 21506216 mglkg
@ BABR-215062 1.6 mg/kg b5 2
g . 5000 WABR-21506216 mg/kg 5 ;.g
o o
2% 4000 585 19
R 222
Zg 3000 295
£% 525 ¢
% & 2000 g8
5o 595 05
£E 1000 | H
EE @ E
3 13 29
2 o ° 0
1
é Inflammation Demmyelination
Day 16 post immunzation Day 16 post immunization

Figs. 5 and 6 (Figs. 3A and B in paper III). Inflammatory infiltrates and regional demyelination in sciatic
nerve sections from EAN rats (5 rats for each group). Only low-grade inflammation and milder regional
demyelination within PNS were detected in rats treated with 16 mg/kg/day of ABR-215062 as analysed
on day 16 p.i. and as compared to sham-treated control. Mean values and SEM are depicted. P values
refer to comparisons between EAN rats receiving different doses of ABR-215062 or 16 mg/kg/day of
Linomide and the sham-treated control EAN rats receiving PBS only.* p< 0.05; ** p<0.01; *** p<0.001.
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Fig. 7 (Fig. 4 in paper III). Mean numbers of cytokine expressing cells in sciatic nerve sections as
measured on day 16 p.i. from EAN rats receiving ABR-215062 at different doses (0.16, 1.6 and 16
mg/kg/day), Linomide at 16 mg/kg/day or PBS (n = 5, respectively). Mean values and SEM are depicted.
P values refer to comparisons between EAN rats receiving ABR-215062 or Linomide and sham-treated
control EAN rats receiving PBS only *p<0.05, ** p <0.01.

The role of IFN-% IL-12 and IL-4 production in neurodegeneration (Paper IV)

Elevated numbers of [FN-y mRNA expressing cells from Tg2576 mice in brain sections were
detected at the age of 3-4 months and the levels remained elevated when evaluated at the ages of
9 and 11 months. The level was further increased at the age of 17-19 months (Fig. 8). In
contrast, there were no significant changes in the numbers of IFN-y mRNA expressing cells in
the cerebral cortex from non-transgenic mice of 3-19 months. [FN-y mRNA producing cells
were observed around B-amyloid plaques in brain sections of Tg2576 mice. The production of
IFN-y positive cells in brain sections of Tg2576 mice at the ages of 17-19, 11, 9 and 3-4 months
were higher. In comparison, a few numbers of [FN-y positive cells were detected in brain
sections from non-transgenic mice at the same ages. The patterns of IFN-y expression

approximately paralleled with IFN-y mRNA expression in brain sections from cerebral cortex.
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Fig. 8. Numbers of cells expressing [IFN-y mRNA (upper) and IFN-y protein (down) as detected by in
situ hybridization and immunohistochemistry, respectively. The figure shows mean numbers and
SEM of positive cells per 100 mm? brain sections from cortical regions of transgenic Tg2576 mice and
non-transgenic control mice at various postnatal ages. P values refer to comparisons between
transgenic Tg2576 mice and non-transgenic control mice. ** p<0.01; *** p<0.001.

Elevated positive numbers of [L-12 mRNA expressing cells were detected in brain sections
from Tg2576 mice at post-natal age 9 months and gradually increased at 11 months. The higher
expression cells of [L-12 mRNA were observed at the age of 17-19 months. While lower levels
and no detectable changes of IL-12 mRNA expressing cells were detected in non-transgenic
littermates (Fig. 9). IL-12 expression was observed in areas close to B-amyloid plaques in
cortical brain sections. The increased levels of [L-12 positive cells were found in Tg2576

paralleled with increasing of the ages, when compared with age-matched non-transgenic

littermates.
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Fig. 9. Numbers of cells expressing [L.-12 mRNA (upper) and [L-12 protein (down) as detected by in situ
hybridization and immunohistochemistry, respectively. The figure shows mean numbers and one SD of
positive cells per 100 mm’ brain sections from cortical regions of transgenic Tg2576 mice and non-
transgenic control mice at various postnatal ages. P values refer to comparisons between transgenic
Tg2576 mice and non-transgenic control mice. *** p<(0.001.

IL-4 mRNA expressing cells was detected in brain sections of Tg2576 mice, was
significantly lower, in contrast, strikingly increased numbers of [L-4 mRNA expressing cells
were found at different postnatal ages studied in non-transgenic mice. The highest expression of
IL-4 mRNA expressing cells were observed at 9 months of non-transgenic mice, thereafter, the
expression gradually declined to (at 11 months) and (at 17-19 months), respectively. Higher
levels of IL-4 positive cells were also found in non-transgenic mice from various postnatal ages

9, 11 and 17-19 months. The mean numbers of IL-4 positive cells increased at 9 and 11 months,
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to maximum numbers at 17-19 months in non-transgenic mice, in comparison few numbers of
IL-4 positive cells were observed in Tg2576 mice (Fig. 10), suggesting that no
immunoreactivity for IL-4 was detectable in these mice, when compared with age-matched-non
transgenic littermates. IFN-y, IL-12 mRNA and protein positive cells were scattered within the
cortex region of the brain sections of Tg2576 mice and produced mainly in cell with the size and
morphology corresponding to microglia. After double immunohistochemistry staining for IFN-y,
IL-12, microglia or GFAP in brain sections of 17-19-months Tg2576 mice revealed a co-
localization of IFN-y or IL-12 and microglia or GFAP immunoreactivity clearly indicating that

IFN-y and IL-12 are expressed by reactive microglia and astrocytes.
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Fig. 10. Numbers of cells expressing IL-4 mRNA (upper) and IL-4 protein (down) as detected by in situ
hybridization and immunohistochemistry, respectively. The figure shows mean numbers and one SD
of positive cells per 100 mm® brain sections from cortical regions of transgenic Tg2576 mice and non-
transgenic control mice at various postnatal ages. P values refer to comparisons between transgenic
Tg2576 mice and non-transgenic control mice. * p<0.05; *** p<0.001.
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DISCUSSION

The EAN model is useful for studying the immunopathogenesis and immunotherapy of GBS.
Both GBS and EAN are prototypes of T cell-mediated autoimmune diseases affecting the PNS.
Perivascular accumulation of macrophages and T lymphocytes in the PNS, and high levels
systemically of PNS myelin antigen-reactive T cells are characteristic features of both diseases,
thereby suggesting a pathogenic role for immunoregulatory cytokines and chemokines. Anti-
inflammatory cytokines are potent regulators of immune responses and as such represent
potentially powerful therapeutic agents in several autoimmune diseases (Navikas et al., 1996;
Zhu et al., 1998b).

In EAN, the inflammatory infiltrates are composed of lymphocytes, macrophages and
granulocytes. One critical step in the migratory process of inflammatory cells across tight
endothelial junctions is the release of chemokines providing the necessary chemotactic signals
for migration (Stuve et al., 1996). The inflammatory cells in the PNS exert some of their effector
and immunoregulatory functions through chemotactic cytokines such as MIP-1a, MIP-2, MCP-1
and RANTES, which belong to pro-inflammatory cytokines. Our data have demonstrated this
point. We showed that MIP-1o production in the sciatic nerve roughly paralleled the clinical
signs of EAN. Administration of anti-MIP-1c. antibodies suppressed the clinical symptoms of
EAN and inhibited the infiltration of T cells and macrophages into the PNS.

The mechanism of inhibition of EAN seems to be directly related to neutralization of MIP-1o
in the PNS, and probably in the peripheral lymphatic system, too. The beneficial effect of anti-
chemokine antibodies was found to reside in an inhibitory effect on the migration of blood-
derived MNC across the blood-brain barrier (BBB). The transendothelial migration of
inflammatory cells is a crucial event in the pathogenesis of inflammatory lesions in the PNS
(Hartung, 1995) and is obviously inhibited by anti-chemokine antibodies. Furthermore, the
importance of inhibiting MIP-1o production may be due to the fact that MIP-1a is chemotactic
for CD4" and CD8" T cells. MIP-1o was shown to attract only T cells activated by mAbs to
CD3, but not unstimulated lymphocytes. Thus, MIP-1c. seems to preferentially recruit activated
T cell subsets during the immune response (Taub et al., 1993). Although anti-MCP-1 failed to
suppress the clinical severity of EAN, it was observed to delay the onset of the clinical signs and
inhibited the early manifestations of EAN. We think that a higher dose of anti-MCP-1 antibodies
may be required to block MCP-1 completely, since the levels of MCP-1 production were higher
than that of MIP-1co and MIP-2.
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The therapy of GBS still presents an important clinical challenge. The current
immunomodulatory treatments are only effective for slightly more than half of the patients (Rees
et al., 1998). Prevention and treatment of EAN is an important guide to identify an effective
immunotherapy for GBS. Rolipram, which is a type IV phosphodiesterase inhibitors, and ABR-
215062, the latter a second generation compound of Linomide (roquinimex, LS-2616) have both
shown therapeutic effects in a series of models for autoimmune disease (Sommer et al., 1995),
including EAN (Zou et al., 2000). The therapeutic effects, including suppressed antigen-driven T
cell clone proliferation (Pette et al., 1999), down-regulation of the inflammatory cytokines TNF-o
and IFN-y and up-regulation of the inhibitory cytokine IL-10 in the CNS (Yoshikawa et al., 1999),
and reduction of BBB permeability have been demonstrated (Folcik et al., 1999). In the present
study, Rolipram treatment resulting in inhibition of clinical EAN was associated with down-
regulated Th1 cytokine and up-regulated Th2 cytokine production. Rolipram is a specific type IV
phosphodiesterase inhibitor that blocks TNF-o synthesis by increasing intracellular cAMP,
which leads to a shift from Th1 to Th2 cytokines (Lacour et al., 1994). Therefore, a Rolipram-
generated balance between expression of the Th1 and Th2 types of cytokines may be an optimal
goal for inhibiting severe autoimmune disease (Kunzendorf et al., 1998).

The new immune modulator, ABR-215062, suppress EAN in a dose-dependently mannar and
dramatically reduces the incidence and the severity of EAN symptoms. This suppression of
clinical EAN is associated with reduced inflammation and demyelination of the sciatic nerves and
down-regulated PNS antigen-induced B cell responses. Treatment with ABR-215062 also resulted
in a down-regulation of the Th1 cytokines IFN-y and TNF-q, as well as a marked increase in the
production of the Th2 cytokine IL-4 in the sciatic nerves. ABR-215062 may act by affecting T
cell differentiation and by shifting the cytokine profile from a Thl to a Th2 cytokine pattern, an
effect that was also previously shown for Linomide (Diab et al., 1998; Zhu et al., 1999). As in
other organ-specific autoimmune diseases, the balance between pro- and anti-inflammatory
cytokines may determine the outcome of an autoimmune attack in EAN and GBS. There is
evidence for a relation between clinical activity of EAN and Thl cytokines, consistent with a
disease-promoting role for these cytokines. Elevation of TGF-B1, [L-4 and IL-10 is related to
recovery from EAN. Therapeutic interventions in EAN should probably focus upon inhibiting the
production of Th1 cytokines, and enhancing that of TGF-3 and Th2 cytokines. The simple strategy
of shifting the cytokine profile from a disease-promoting Th1-like pattern to a disease-protecting
Th2-like pattern (Liblau et al., 1995) may not apply to most autoimmune diseases (McFarland,

1996). Recent therapeutic trials with parenteral and oral administration of antigen aimed to induce
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autoantigen tolerance have instead worsened disease in EAE and insulin-dependent diabetes
mellitus, respectively (Genain et al., 1996; Blanas et al., 1996). Possible reasons for failure of these
treatments could be (1) induction of cytotoxic CD8+ T cells rather than of CD8+ TGF-B-producing
suppressor T cells, (2) activation of B cells producing tissue-damaging rather than tissue-protective
antibodies, or (3) induction of disease-promoting ThO cells rather than of a Th1/Th2 shift.

Recent studies have clearly documented that Th1/Th2/Th3 cytokines are differentially up
regulated during various clinical phases of EAN and GBS. These observations indicate that the
role of cytokines in immune regulation and autoimmune disease is more complex than a simple
Th1-Th2 dichotomy would suggest. New treatments must be sought to counteract this complex
cytokine imbalance. Treatment with antibodies that selectively target certain proinflammatory
cytokines, as well as with immunomodulatory preparations that promote cytokines that
beneficially influence the disease course, should be the focus of future therapeutic trials.

In GBS, aggravation of clinical signs is correlated with augmented levels of IL-2, [L-6 and
TNF-o.. TGF-B1, on the other hand, may have a role in terminating the pathological immune
response in GBS. These observations also indicate that the role of cytokines in immune
regulation and autoimmune disease is highly complex. Clinicians must carefully monitor the
effect of new treatments directed at counteracting a cytokine imbalance in GBS. There are
several different mechanisms of selective cytokine induction and inhibition, which contribute to
the maintainance of physiological Th1/Th2 cytokine balance. Examples of regulatory parameters
are:
(1) Cytokine receptors: The [FN-y receptor B chain is expressed on Th2 cells, but not on Thl cells
(Pernis et al., 1995). On the other hand, Th1 cells express IL-12 receptors upon activation, but Th2
cells do not (O'Garra and Murphy, 1996).
(2) Co-stimulatory molecules: B7-1 and B7-2 molecules induced differentially Thl or Th2
responses in EAE (Thompson, 1995; Kuchroo et al., 1995).
(3) Intracellular signal pathways: Th1 cell activation required augmentation of intracellular IP3 and
calcium, whereas Th2 cells were activated independently of elevation of intracellular IP3 and
calcium (Gajewski et al., 1990). [L-12 activated Th1 cells via the JAK2-STAT4 pathway, whereas
IL-4 activated Th2 cells via STAT6 (Romagnani, 1996). The second messenger substance cAMP
down-regulated Th1 responses, but not Th2 responses (Adorini and Sinigaglia, 1997).

It is a task for the future to develop effective strategies for manipulation of cytokine expression

in a way such that autoimmune reactions are suppressed in vivo. Examples of cytokine
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"manipulators" that have successfully applied in animal models of autoimmune demyelinating

diseases include:

1. Anti-inflammatory cytokines, anti-cytokine antibodies and cytokine antagonists (Yu et al.,
2002).

2. Anti-Th1 cell antibodies (Kuchroo et al., 1995).

3. Hormones or hormone agonists that increase intracellular cAMP, e.g., adrenaline (Adorini and
Sinigaglia, 1997) and isoproterenol (Chelmicka-Schorr et al., 1989).

4. Phosphodiesterase inhibitors, e.g. pentoxifylline (Constantinescu et al., 1996).

The neuroimmunological cascade that is initiated by the deposition of AP fibrils in the brain
contributes to neuronal dysfunction and is involved in AP induced immune activation. A role for
inflammatory cytokines has been proposed in the pathogenesis of AD (Du et al 1999). In our
study, both IFN-y and IL-12 transcription and production were markedly enhanced with
increased age in the cortical brain regions of Tg2576 mice in reactive microglia and astrocytes
surrounding AP deposits. A role for inflammation in AD has been postulated since IFN-y and
IL-12 may play an inflammatory role in AP formation and microglial as well as astrocyte
activation. The mechanisms by which AP mediates local inflammation and the role of cytokines
in AD are not fully understood. However, experimental and clinical studies indicate impairments
in both humoral and cellular immunity and elevated proinflammatory cytokines were found in
an animal model of AD as well as in AD patients (Blum-Degen et al 1995; Popovic et al 1998;
Licastro et al 2000). IFN-y possesses multiple immunoregulatory effects that are regulated and
modulated by IL-12 (Gately et al., 1994). IL-12 is also thought to have a central role in the
pathogenesis of inflammatory disorders by shifting T cell response to the Thl type (Caspi et al.,
1998). Moreover, both I[FN-y and IL-12 are involved in the pathogenesis of several CNS
disorders (Navikas and Link, 1996). There are abundant experimental data that microglia may
play a significant role in the progression of AD (Gonzalez-Scarano and Baltuch 1999; McGeer
and McGeer 1999a). The deposition of human AP in a mouse brain tissue environment might
also induce a local inflammatory cascade (Mehlhorn et al., 2000). AP is a toxic protein in vitro.
Therefore, it could be assumed that the long-term production of AP in Tg2576 mice might
induce brain inflammation, including activation of glial cells and production of pro-
inflammatory cytokines, as well as alterations in cholinergic neurotransmission (Bednar et al.,
2002). AP deposition may influence immunoregulatory circuits through amplification of
naturally existing suppressor/regulatory networks. The early inflammation in Tg2576 mice brain

might promote Af plaque formation or vice versa.
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Although the role of the anti-inflammatory cytokine IL-4 has been associated with several
CNS disorders (Navikas and Link, 1996), its role in neurodegenerative disorders remains
unclear. [L-4, IL-10 and [L-13 differentially modulate microglial responses to AP(1-42) and
may play a role in the inflammation pathology observed surrounding senile plaques (Szczepanik
et al., 2001). In our study, IL-4 expression in the brain sections of Tg2576 mice did not reveal an
induction. In contrast, [L-4 expression is suppressed as compared to control mice. This finding
may be due to the influence of IFN-y on IL-4 production, as a result of the interaction between
Th1-Th2 in the immune system.

The use of anti-inflammatory drugs might inhibit both the onset and the progression of AD
(McGeer and McGeer, 1999b). In a previous epidemiological study the prevalence of AD was
reduced by 40-50% in persons using anti-inflammatory drugs. Future studies should focus on
new strategies including development of new agents and identify the dosage and duration of

therapy necessary for a protective or therapeutic effect in AD.
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CONCLUSIONS
Paper-I
MIP-1a, and MCP-1 may play a role in the immunopathogenesis of EAN and MIP-1a-induced
trafficking of inflammatory cells can be inhibited by anti-MIP-1o antibodies. Further elucidation
of the regulation and co-ordination of MIP-1a. and MCP-1 production may lead to new

therapeutic strategies in GBS

Paper-I1

Rolipram strongly suppresses EAN in Lewis rats. Suppression is associated with down-
regulation of the pro-inflammatory cytokine IFN-y and of the chemokines MIP-10,, MIP-2 and
MCP-1, as well as up-regulation of the anti-inflammatory cytokine IL-4, in the sciatic nerves.
These effects indicate that Rolipram may mediate its effects by regulation of cytokines and
chemokines. The observed effects for Rolipram are of interest since EAN also serves as a model

for CD4" T cell-mediated experimental autoimmune diseases in general.

Paper-II1

The development of EAN is successfully suppressed in a dose-dependent manner by treatment
with the new immunoregulator ABR-215062. ABR-215062 counteracts EAN by suppressing
production of the Th1 pro-inflammatory cytokines IFN-y and TNF-c., as well as increasing [L-4
production in the PNS tissues. ABR-215062 inhibits migration of inflammatory cells into the
PNS tissue and reduces demyelination of the nerve. The drug is a potential candidate for

effective treatment of autoimmune diseases.

Paper-1V
The deposition of AP might induce a local inflammatory cascade, including activation of
microglia and astrocytes as well as production of pro-inflammatory cytokines such as IL-12 and

IFN-v. These results call for the development of anti-inflammatory therapeutic strategies for AD.
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