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SUMMARY

Linomide (quinoline-3-carboxamide) is a synthetic immunomodulator that suppresses several experi-

mental autoimmune diseases. Here we report the effects of Linomide on experimental autoimmune

neuritis (EAN), a CD4� T cell-mediated animal model of acute Guillain±BarreÂ syndrome (GBS) in

humans. EAN induced in Lewis rats by inoculation with bovine peripheral nervous system (PNS)

myelin and Freund's complete adjuvant was strongly suppressed by Linomide administered daily

subcutaneously from the day of inoculation. Linomide dose-dependently delayed the interval between

immunization and onset of clinical EAN, as well as the severity of EAN symptoms. These clinical

effects were associated with dose-dependent down-modulation of PNS antigen-induced T and B cell

responses and with suppression of the proin¯ammatory cytokines IL-12, interferon-gamma (IFN-g) and

tumour necrosis factor-alpha (TNF-a) mRNA. In PNS sections, Linomide suppressed IL-12 and TNF-a,

and up-regulated IL-10 mRNA expression. These ®ndings suggest that Linomide could be useful in

certain T cell-dependent autoimmune diseases.
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INTRODUCTION

Acute experimental autoimmune neuritis (EAN) can be induced by

inoculation of peripheral nervous system (PNS) myelin antigens

and adjuvants into susceptible animals [1]. Antigens useful for

induction of EAN include, besides whole PNS myelin, the PNS

myelin components P2 protein and P0 protein as well as certain

synthetic P2 peptides [2,3]. EAN can be transferred to naive

recipients by syngeneic P2 or P0 protein-speci®c CD4� T cell

lines [4,5]. The pathogenesis of EAN comprises breakdown of

blood±nerve barrier, immunoglobulin leakage, in®ltration of the

nerve roots and peripheral nerves with macrophages and activated

T lymphocytes, and focal demyelination of the nerve roots pre-

dominantly around venules [3]. The pathogenesis of EAN involves

an integrated attack by T cells, B cells and macrophages [2,6,7].

Levels of interferon-gamma (IFN-g), tumour necrosis factor-alpha

(TNF- a) and IL-12 mRNA-expressing cells obtained from lymph

nodes and in sciatic nerve tissue sections roughly correlate with

clinical EAN, consistent with a disease-promoting role for these

cytokines. In contrast, levels of IL-4, IL-10 and transforming

growth factor-beta (TGF-b) mRNA-expressing cells are highest

during recovery from EAN. These cytokines may thus act by

limiting PNS in¯ammation [8±10].

In its acute form, EAN serves as a model for the human disease

Guillain±BarreÂ syndrome (GBS; acute in¯ammatory demyelinat-

ing polyradiculoneuropathy). The pathogenesis of GBS remains

poorly understood. The majority of cells in®ltrating the peripheral

nerves in GBS are macrophages, although T lymphocytes are also

observed in biopsied nerve tissue [11]. Some patients with GBS

exhibit abnormal T and B cell responses to the P2 and P0 proteins

[3]. Systemically, IFN-g is up-regulated in the acute stage of GBS

and IL-4 during convalescence, indicating a role for the balance

between Th1 and Th2 cytokines in disease development [12].

There is evidence that IL-2, TNF-a, IL-6 and leucocyte adhesion

molecules are also involved in GBS [3]. The immunomodulatory

treatment currently used in GBS consists of plasmapheresis or i.v.

immunoglobulins. However, these measures reduce the length and

severity of the paralytic phase in only one third of patients with

GBS [2]. New treatments to improve the prognosis of GBS are

greatly needed.

Linomide (roquinimex, PNU-212616), an immunomodulatory

quinoline-3-carboxamide, is effective in inhibiting clinical
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manifestations of EAN [13], acute and chronic-relapsing experi-

mental autoimmune encephalomyelitis (EAE), which is another

CD4� T cell-mediated autoimmune disease that serves as an

animal model for multiple sclerosis (MS) [14±16], and in experi-

mental autoimmune myasthenia gravis (EAMG), which is a

classical antibody-mediated autoimmune disease that serves as

an animal model for myasthenia gravis [17,18]. However, the

immunomodulatory effects of Linomide are only incompletely

de®ned.

In a previous study, we showed that Linomide suppresses

clinical EAN through down-regulation of macrophage activity,

decreasing IL-1b, TNF-a and IL-6 mRNA expression in response

to IFN-g and lipopolysaccharide (LPS) at the height of clinical

EAN [13]. In the present study, the effects of different doses of

Linomide on PNS antigen-induced T and B cell responses and

cytokine production during the recovery phase of EAN are exam-

ined.

MATERIALS AND METHODS

Induction of EAN and assessment of clinical signs

Male Lewis rats, Hannover strain, were purchased from Harlan

(Posbus Zeist, The Netherlands). In two separate experiments, 64

rats weighing 200±230 g were immunized by injection into both

hind footpads with altogether 200 ml of inoculum containing 4 mg

of bovine PNS myelin (BPM) and 2 mg Mycobacterium tubercu-

losis (strain H37RA; Difco, Detroit, MI) emulsi®ed in 100 ml saline

and 100 ml Freund's incomplete adjuvant (FIA; Difco). The FIA�

M. tuberculosis mixture is referred to as Freund's complete adju-

vant (FCA). Body weight and symptoms of paresis were assessed

immediately before immunization (day 0), on day 3 post-immuni-

zation (p.i.) and thereafter every second day p.i. to day 35. Severity

of paresis was graded as follows: 0 � no illness, 1 � ¯accid tail, 2

� moderate paraparesis, 3 � severe paraparesis, 4 � tetraparesis.

In vivo treatment with Linomide

Linomide (Pharmacia & Upjohn, Lund, Sweden) was dissolved in

distilled water and administered by a daily subcutaneous injection

from the day of immunization until termination of the experiment

on day 35 p.i. Groups of 16 rats received Linomide at 1´6, 16 or

160 mg/kg per day, respectively, while 16 control rats received

PBS daily via subcutaneous injection. The concentration of 1´6 mg/

kg per day is close to the concentration of 2´5 mg p.o. in daily use

in a phase III trial in MS.

Isolation of mononuclear cells from lymph nodes

In each of two separate experiments, groups of eight rats were

treated with Linomide (1´6, 16 and 160 mg/kg per day, respec-

tively) or PBS. Thirty-two rats were killed on day 27 p.i. and

examined for T cell reactivities and cytokine pro®les as well as B

cell responses. An additional 4 ´ 8 rats were kept until day 35 p.i.

for follow up of clinical scores. Popliteal and inguinal lymph nodes

were removed under aseptic conditions. Single-cell suspensions of

mononuclear cells (MNC) from individual rats were prepared. The

cells were washed three times in culture medium before being

suspended to 2 ´ 106 cells/ml. The culture medium consisted of

Iscove's modi®cation of Dulbecco's medium (Flow Labs, Irvine,

UK) supplemented with 1% (v/v) minimum essential medium

(Flow), 50 U/ml penicillin, 60 mg/ml streptomycin (GIBCO, Paisley,

UK), 2 mM glutamine (Flow), and 3% normal human AB� serum

without mercaptoethanol.

Antigens and immunoreagents

BPM was prepared from bovine lumbosacral plexus [19]. The

bovine P2 and P0 proteins were prepared according to Kadlubow-

ski et al. [20] and Milner et al. [21]. The P2 peptide, corresponding

to the aa 57±81 of the bovine P2 protein [22], was synthesized on

solid phase by stepwise elongation using a Tecan peptide synthe-

sizer (MultiSyntech, Bochum, Germany). Mass spectrometry con-

®rmed the expected masses as major components in the spectra.

Puri®ed protein derivative (PPD) of M. tuberculosis was from

Statens Serum Institut (Copenhagen, Denmark). As mitogen,

phytohaemagglutinin (PHA; Difco) was used.

Lymphocyte proliferation assays

Two hundred-microlitre aliquots of MNC suspensions were cul-

tured in triplicate in round-bottomed 96-well polystyrene micro-

titre plates (Nunc, Copenhagen, Denmark) at a cell density of

2 ´ 106 cells/ml in culture medium. For lymphocyte stimulation 10-

ml aliquots of BPM, P0 protein or P2 peptide were added to cultures

to a ®nal concentration of 10 mg/ml, or 10 ml of PHA at a ®nal

dilution of 1:1000 (v/v). These concentrations had high stimulatory

effects as assessed in preliminary experiments. Triplicate wells

without antigen or lectin served as background controls. After 60 h

of incubation, the cells were pulsed with 3H-methyl-thymidine

(1 mCi/well; Amersham, Aylesbury, UK) and cultured for an

additional 12 h. Cells were harvested onto glass ®bre ®lters

(Titertek; Skatron A/S, Lierbyen, Norway), and 3H-thymidine

incorporation was measured in a liquid b-scintillation counter.

The results were expressed as ct/min per culture.

Assay of antigen-reactive single cells secreting IFN-g

An enzyme-linked immunospot (ELISPOT) assay was used to

detect and enumerate single cells responding by IFN-g secretion

upon culture of MNC without antigen as well as in the presence of

antigen or mitogen. Brie¯y, nitrocellulose-bottomed wells of

microtitre plates (Millititre-HAM plates; Millipore Co., Bedford,

MA) were coated overnight at 48C with 100 ml of a mouse anti-rat

IFN-g MoAb (DB1; Innogenetics, Ghent, Belgium). After washing

with PBS pH 7´4, 200-ml aliquots containing 4 ´ 105 regional

lymph node MNC were added to individual wells in duplicate

with either medium alone (control cultures without antigen or

mitogen) or 10-ml aliquots of BPM, P0 protein, P2 peptide or PHA

at the same concentrations as used in the proliferation assays. After

48 h of culture, the plates were washed with PBS. Secreted and

bound IFN-g was visualized by sequential application of poly-

clonal rabbit anti-rat IFN-g (Innogenetics), biotinylated swine anti-

rabbit IgG and ABC (both from Dakopatts, Copenhagen, Den-

mark). Unbound ABC was removed by immersions in PBS, and

100 ml/well of peroxidase-substrate solution were added. The

developed red-brown spots, which corresponded to cells that had

secreted IFN-g, were enumerated in a dissection microscope under

low magni®cation (´25). Results were expressed as numbers of

spots per 105 MNC. Variations within duplicates were < 10%.

Antibody measurements

The serum concentrations of IgG antibodies against BPM, P2

protein, P0 protein and PPD were measured by ELISA. Microtitre

plates were coated with BPM (20 mg/ml), P2 protein, P0 protein or

PPD (10 mg/ml). The diluted sera (1:100) were incubated for 2 h.

After extensive washing, alkaline phosphatase-labelled goat anti-

rat IgG (Sigma, St Louis, MO) diluted 1:2000 was added for 2 h.

Unbound conjugate was removed by four consecutive washings
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with PBS±Tween buffer, and 100 ml/well of phosphatase substrate

solution was added. Absorbances were measured at 405 nm. Anti-

body levels were expressed as the optical density (OD).

In situ hybridisation to detect cytokine mRNA expression

Two hundred-microlitre aliquots of lymph node MNC suspensions

were applied to 96-well round-bottomed microtitre plates and

cultures received either no exogenous antigen or PHA, BPM or

P2 peptide at the same concentration as in lymphocyte prolifera-

tion assays. After 24 h of culture (optimized in preliminary

experiments) at 378C and 7% CO2, the cells were washed in sterile

PBS. MNC (105) from each culture were dried onto restricted areas

of electrically charged microscope slides (ProbeOn slides; Fisher

Scienti®c, Pittsburgh, PA) at room temperature. The cells were

dried at 558C for 5 min, ®xed for 1 min in 1% formaldehyde and

rinsed in PBS. Slides were stored with silica in sealed boxes at

ÿ208C until hybridization.

In situ hybridization was performed as described [8]. Synthetic

oligonucleotide probes (Scandinavian Gene Synthesis AB,

KoÈping, Sweden) were labelled using 35S-deoxyadenosine-50-thio-

triphosphate (New England Nuclear, Cambridge, MA) with term-

inal deoxynucleotidyl transferase (Amersham). The

oligonucleotide sequences were obtained from GenBank and

probes were designed using MacVector software (IBI, Toronto,

Canada) (Table 1). The human transforming growth factor-beta 1

(TGF-b1) probe has > 90% homology with rat TGF-b1. A sense

probe with the nucleotide sequence for rat IFN-g exon 4 was used

as control of each cytokine studied. After hybridization, emulsion

autoradiography and development, slides were stained with cresyl

violet and mounted with Entellan (Merck, Darmstadt, Germany).

Coded slides were examined by dark ®eld microscopy at ´ 10

magni®cation. The results were expressed as numbers of labelled

cells per 105 cultured MNC or in®ltrates per 100-mm2 tissue

section as previously described [8]. Cells were judged as positive

when containing > 15 silver grains per cell with a star-like

distribution over the cytoplasm. The cellular distribution of the

grains was always checked under light microscopy at ´ 20 and/or

´ 40 magni®cation. Variation between duplicates was < 10%. The

control probe used in parallel with the cytokine probe revealed no

cells with grains exceeding background counts.

Statistical analysis

Differences between pairs of groups were tested by Student's t-test.

Differences between the four groups were tested by the Kruskal±

Wallis one way analysis of variance (ANOVA). Correlations were

analysed using the Spearman rank coef®cient. ScheffeÂ's post hoc

test was performed for ®nal analyses. All signi®cance tests were

two-sided.

RESULTS

Effects of Linomide on clinical EAN

Linomide delayed the appearance of clinical signs of EAN and

reduced the severity of the disease. The effects on EAN achieved
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Fig. 1. Clinical scores of experimental autoimmune neuritis (EAN) in

Lewis rats in two different experiments (a and b) treated with Linomide

at 1´6, 16 and 160 mg/kg per day and in control rats receiving PBS. Symbols

indicate mean clinical scores for each group on the indicated day.

Table 1. Survey of cytokine probes used

GeneBank Complementary

Probe Exon accession no. to bases

Rat IFN-g Exon 1 M29315 298±345

Exon 2 M29316 80±125

Exon 3 M29317 303±350

Exon 4 180±227

Rat TNF-a Exon 1 M98820 639±686

Exon 2 569±616

Exon 3 278±342

Exon 4 295±342

Human Exon 1 X02812 1766±1813

TGF-b1 Exon 2 1953±2000

Mouse IL-10 Exon 1 M37897 79±126

Exon 2 134±181

Exon 3 184±231

Exon 4 402±449

Mouse IL-12 Exon 1 M86771 147±194

(p40) Exon 2 595±642

Mouse IL-12 Exon 1 M86672 190±238

(p35) Exon 2 706±753



with Linomide were clearly dose-dependent, and quite similar in

the two separate sets of experiments depicted in Fig. 1. Rats treated

with Linomide at the three different doses used had milder

maximum clinical symptoms of EAN than control EAN rats treated

with PBS (Table 2). The groups of rats treated with higher

Linomide doses had a later onset of clinical signs (160 versus

16; 160 versus 1´6; and 16 versus 1´6 mg/kg per day; P < 0´001 for

all comparisons in the ®rst experiment; 160 versus 16; 160 versus

1´6; and 16 versus 1´6 mg/kg per day; P < 0´05 for all comparisons

in the second experiment) and less severe maximum clinical

symptoms in both experiments (160 versus 16; and 160 versus

1´6 mg/kg per day; P < 0´01 for both comparisons in both experi-

ments) (Fig. 1a).

Changes of body weight in the different groups of rats included

in two sets of experiments are presented in Fig. 2. In both experi-

ments, PBS-treated control EAN rats exhibited an initial weight

loss followed by delayed weight gain during the period of clinical

EAN on day 10±21 p.i. In contrast, no initial weight loss was

apparent in rats treated with Linomide in the doses of 16 and

1´6 mg/kg per day in both sets of experiments, and the subsequent

weight gain was more pronounced in these two groups. The

reduction in body weight seen in the group receiving 160 mg/kg

per day may indicate that this high dose had reached a limit where
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Fig. 2. Body weight of experimental autoimmune neuritis (EAN) Lewis rats

treated with Linomide at 1´6, 16 and 160 mg/kg per day and of control rats

receiving PBS in two different experiments (a and b). Symbols indicate

mean body weight of each group on the indicated day.

Table 2. Clinical course of experimental autoimmune neuritis (EAN) in

Lewis rats treated with Linomide at different doses and EAN controls

receiving PBS only

Linomide Linomide Linomide

Clinical Controls (1.6 mg/kg) (16 mg/kg) (160 mg/kg)

variables (n � 8) (n� 8) (n� 8) (n� 8)

Experiment A

Day of onset 8±10 9 10±12 12±14

range

Mean (s.d.) 9´8 6 0´7 9´0 (0) 11´0 6 1´1* 13´3 6 1´0***

Maximum clinical 3´0±3´5 1±1´5 0´5±1´5 0±0´5

score, range

Mean (s.d.) 3´3 6 0´3 1´3 6 0´3*** 1´1 6 0´3*** 0´4 6 0´2***

Frequency of 8/8 8/8 8/8 5/8

EAN

Experiment B

Day of onset range 12±15 14 14±16 14

Mean (s.d.) 12´8 6 1´314 (0) 15´6 6 0´8** 14 (0)

Maximum clinical 1´5±3´0 0±1´0 0±1´0 0±0´5

score, range

Mean (s.d.) 2´58 6 1 0´6 6 0´4*** 0´58 6 0´3***0´16 6 0´2***

Frequency of 8/8 7/8 7/8 2/8

EAN

Results from the ®rst (A) and second (B) experiment series are shown.

*P < 0´05; **P < 0´01; ***P < 0´001 in comparison with controls.
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Fig. 3. Proliferation of lymph node mononuclear cells (MNC) at day 27

post-immunization from experimental autoimmune neuritis (EAN) rats

treated with Linomide (1´6, 16 and 160 mg/kg per day) and control rats

treated with PBS, after ex vivo culture without antigen or mitogen, and in

the presence of phytohaemagglutinin (PHA), bovine peripheral nerve

myelin (BPM) and P2 peptide, respectively. Means and s.d. are indicated.

P values refer to comparisons between EAN rats treated with Linomide and

PBS-treated EAN control rats. *P < 0´05; **P < 0´01; ***P < 0´001.



non-speci®c toxic drug effects occur. A negative correlation was

observed between the degree of paresis and body weight when

considering the whole observation period (day 0±35 p.i.; r� 0´42)

as well as the period of maximum clinical EAN (day 9±22 p.i.;

r� 0´67) (Fig. 2).

Effects of Linomide on T cell responses

BPM-induced lymph node MNC proliferation measured on day 27

p.i. was suppressed by the three different Linomide doses. The two

higher doses also signi®cantly suppressed PHA-induced MNC

proliferation (Fig. 3). The highest Linomide dose had also a

suppressive effect on P2 peptide-induced lymphocyte prolifera-

tion. In the unstimulated MNC cultures, there were no differences

in lymphocyte proliferation between the groups of rats receiving

different Linomide doses and control EAN rats treated with PBS.

When using ELISPOT to enumerate IFN-g-secreting cells as

read-out, all three Linomide doses clearly reduced the levels of

BPM- and P2 peptide-reactive IFN-g-secreting Th1-like lymph

node MNC compared with levels registered in the PBS-treated

control EAN rats, when evaluated on day 27 p.i. PHA-induced

IFN-g secretion was also signi®cantly suppressed by Linomide

treatment (Fig. 4).

Effects of Linomide on B cell responses

Linomide also had suppressive effects on B cell responses when

evaluated on day 27 p.i.. At the highest dose (160 mg/kg per day),

Linomide suppressed the concentrations of IgG antibodies to BPM,

P2 and P0 proteins (Fig. 5). The anti-P2 protein antibody concen-

tration was also suppressed by administration of Linomide at a

dose of 1´6 mg/kg per day.

Effects of Linomide on cytokine mRNA pro®les in lymph node cells

and PNS tissue sections

BPM- and P2 peptide-induced mRNA expression of IFN-g, TNF-a

and IL-12 in lymph node MNC was clearly suppressed in rats

receiving Linomide compared with PBS-treated control EAN rats

when evaluated on day 27 p.i. (Fig. 6a±c). These effects were also

dose-dependent, with the exception of BPM-induced IL-12 mRNA

expression. In contrast, the effects of Linomide on PNS autoanti-

gen-induced IL-10 and TGF-b mRNA expression in lymph node

MNC were minor and inconsistent (Fig. 6d,e).

Linomide had no signi®cant effects on mRNA expression for

any of these cytokines upon culture of lymph node MNC in the

presence of PHA, or in the absence of antigen or mitogen

(Fig. 6a±e).

In situ hybridization (ISH) performed on PNS tissue sections

obtained on day 27 p.i. revealed that the Linomide-treated rats had

lower levels of TNF-a and IL-12 mRNA-expressing cells com-

pared with PBS-treated control EAN rats (Fig. 6b,c). Interestingly,

IL-10 mRNA expression in PNS was up-modulated in the Lino-

mide-treated rats (Fig. 6d). These effects of Linomide on cytokine

mRNA expression were also dose-dependent.

DISCUSSION

Linomide has previously been shown to effectively inhibit mani-

festations of acute and chronic relapsing EAE [14±16], EAN [13]

and EAMG [17,18], lupus-like disease in MRL/lpr mice [23] and

collagen-induced arthritis in DBA/1 mice [24]. Various mechan-

isms have been proposed to be related to therapeutic ef®cacy,

including suppressed antigen-driven T cell proliferation, down-

regulated autoantigen-speci®c B cell responses and interference

with T cell sensitization by either reducing the total number of

antigen-presenting cells or down-regulating antigen presentation

early after immunization [17,25]. In a previous study we observed

that Linomide suppressed EAN when using a single dose (160 mg/

kg per day), resulting in suppressed macrophage function re¯ected

by decreased IL-1b, TNF-a and IL-6 mRNA expression in

response to IFN-g and LPS at the height of clinical EAN [13].

Here, we show that Linomide dose-dependently suppresses EAN

by delaying the interval between immunization and onset of

clinical EAN and reducing the severity of EAN symptoms. This

suppression of clinical EAN is also associated with down-regulated
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Fig. 4. Numbers of IFN-g-secreting cells per 105 lymph node mononuclear

cells (MNC) at day 27 post-immunization from experimental autoimmune

neuritis (EAN) rats treated with Linomide (1´6, 16 and 160 mg/kg per day)

and controls, after ex vivo culture without antigen or mitogen, and in the

presence of phytohaemagglutinin (PHA), bovine peripheral nerve myelin

(BPM) and P2 peptide, respectively. Means and s.d. are indicated. P values

refer to comparisons between EAN rats treated with Linomide and PBS-

treated control EAN rats. *P < 0´05; **P < 0´01; ***P < 0´001.FSFSFS̀GTGTGTHUbHUbo
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Fig. 5. The effect of Linomide on anti-peripheral nervous system (PNS)

myelin and anti-puri®ed protein derivative (PPD) IgG antibodies. Serum

specimens obtained on day 27 post-immunization from experimental

autoimmune neuritis (EAN) rats treated with Linomide (1´6, 16 and

160 mg/kg per day) and from PBS-treated EAN controls. Means and s.d.

are indicated. P values refer to comparisons between EAN rats treated with

Linomide and PBS-treated control EAN rats. *P < 0´05; **P < 0´01.



PNS antigen-induced T and B cell responses and an altered Th1/

Th2 balance associated with the suppression of the later phase of

EAN.

T cells recognizing antigen and producing cytokines play a

pivotal role in the pathogenesis of EAN. Previously, a role for IFN-

g in the evolution of EAN has been suggested. StrigaÊrd et al. [26]

showed that treatment of rats with antibodies to IFN-g after the

onset of EAN shortened the course of disease, down-regulated

MHC class II antigen expression and reduced the numbers of T

cells within the nerves. Hartung et al. [27] observed that adminis-

tration of IFN-g enhances EAN. Immunocytochemical studies

revealed that IFN-g is produced by T cells and polymorphonuclear

cells in the endoneurium during the course of EAN [28]. We

described high levels of PNS antigen-induced IFN-g secretion and

IFN-g mRNA-expressing cells in lymph nodes and increased IFN-

g mRNA expression in sciatic nerve tissue sections in EAN rats

[6,10].

TNF-a is present in macrophages in the peripheral nerves of

rats with actively or passively induced EAN, and antibodies to

TNF-a ameliorate the disease [29]. GBS is also associated with up-

regulated IFN-g secretion in the acute stage [12] and increased

serum TNF-a [30]. IL-12 has potent augmenting effects on IFN-g

production and proliferation of T cells as well as natural killer

(NK) cells. IL-12 enhances Th1 responses [31]. The present data

show that Linomide-induced suppression of clinical EAN is

associated with suppression of mRNA expression of the proin-

¯ammatory cytokines IFN-g TNF-a and IL-12 in MNC of periph-

eral lymphoid organs, and of TNF-a and IL-12 in the PNS.

It is hypothesized that Linomide may in¯uence immunoregu-

latory circuits through ampli®cation of naturally existing suppres-

sor/regulatory networks. To elucidate this possibility, we evaluated

the mRNA expression of the endogenous immunosuppressive

cytokines TGF-b and IL-10. TGF-b is related to EAN remission

[10,32]. IL-10 has potent suppressive effects on Th1 cells [33]. Its
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Fig. 6. Numbers of cells expressing mRNA for IFN-g (a), tumour necrosis factor-alpha (TNF-a) (b), IL-12 (c), IL-10 (d) and transforming growth factor-beta

(TGF-b) (e) per 105 lymph node mononuclear cells (MNC) from experimental autoimmune neuritis (EAN) rats treated with Linomide (1.6, 16 and 160 mg/kg

per day) and PBS-treated control rats, after ex vivo culture without antigen or mitogen, and in the presence of phytohaemagglutinin (PHA), bovine peripheral

nerve myelin (BPM) or P2 peptide (left ordinate), and per 100-mm2 tissue section of sciatic nerve (right ordinate), obtained on day 27 post-immunization.

mRNA expression was detected by in situ hybridization with 35S-labelled synthetic oligonucleotide probes. Bars indicate 1 s.d. P values refer to comparisons

between EAN rats treated with Linomide and PBS-treated EAN control rats. *P < 0´05; **P < 0´01.||aaanbo|bobcpcpdqdqCDDDQERERERFSFGTGIJJWJKKXKLYLMZM
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role in EAN is not known. We recently observed increased

numbers of PNS autoantigen-reactive IL-10 mRNA-expressing

cells among lymph node MNC and in PNS tissue sections during

recovery from EAN [8,9]. Further, injection of IL-10 at the day of

immunization or at onset of clinical EAN suppressed the severity

of EAN and, in parallel, reduced levels of PNS antigen-reactive

IFN-g-secreting lymph node MNC, and of PNS autoantigen-driven

IFN-g and TNF-a mRNA-expressing lymph node cells, and

decreased IFN-g and TNF-a mRNA expression in PNS tissue

sections [34]. Thus, both TGF-b and IL-10 seem to favour remis-

sion of EAN.

Linomide could promote recovery from EAN, since it does not

suppress TGF-b and IL-10 mRNA expression in lymph node

MNC, but promotes IL-10 mRNA expression in PNS sections.

The role of B cell responses in the pathogenesis of EAN and

GBS is incompletely understood. Only some GBS patients have

evidence of circulating antibodies to PNS myelin proteins, and

adoptive transfer of antibodies does not usually cause disease in

animals [35]. Whether the observed bene®cial effects of Linomide

on clinical EAN are due in part to a suppression of the B cell

responses remains to be settled.

One of the characteristic features of EAN is progressive weight

loss during the clinical phase of the disease, which is rapidly

reversed when the animals recover. In general, there is a good

correlation between disease severity and magnitude of weight

reduction. However, rats treated with the highest dose of Linomide

showed a more pronounced reduction in body weight than rats

treated with lower doses or PBS-treated control rats. This effect of

Linomide was unexpected, and is probably explained by toxic

effects of Linomide, probably related to relatively high doses of

Linomide administered.

In conclusion, evidence is presented that Linomide down-

modulates PNS antigen-induced T and B cell responses. Linomide

counteracted EAN by suppressing the proin¯ammatory cytokines

IL-12, IFN-g and TNF-a, without suppressing TGF-b and IL-10

mRNA expression in MNC from peripheral lymphoid organs. Even

more important, Linomide suppressed IL-12 and TNF-a, and up-

regulated IL-10 in PNS tissues, the target organ in EAN. These

effects indicate that Linomide may mediate its effects by regula-

tion of cytokines. The observed effects for Linomide are of

interest, since EAN serves as a model also for CD4� T cell-

mediated experimental autoimmune diseases in general.
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