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Abstract 

Multiple sclerosis is probably mainly mediated by T-helper I (TH1 Mymphocytes. THl-function can be down-regulated in vitro and in 
animal experiments by pentoxifylline. Therefore, we included 20 multiple sclerosis patients in an open label pilot trial of pentoxifylline. 
Outcome parameter was the effect of treatment on levels of various cytokines and adhesion molecules in cerebrospinal fluid and serum, 
on production of TH1- and TH2-cytokines using cell stimulation assays, as well as on measures of T-cell activation and proliferation. 
Kurtzke's EDSS was a secondary efficacy parameter. A convincing and consistent effect of pentoxifylline could not be demonstrated. 

Keywords: Multiple sclerosis; Pentoxifylline; Treatment; Tumor necrosis factor-alpha 

1. Introduction 

In recent years evidence has accumulated that immuno
logical mechanisms are important in the initiation and 
development of multiple sclerosis (MS). In active MS-
plaques, a perivascular infiltration of CD4+-T-helper 
(TH)-lymphocytes and macrophages can be observed. The 
TH1-cytokines tumor necrosis factor alpha (TNF-alpha), 
tumor necrosis factor beta (TNF-beta or lymphotoxin) and 
interferon gamma (IFN-gamma), are present in MS-
plaques, although they can also be found, generally at 
lower levels, in other inflammatory and even non-in
flammatory central nervous system (CNS) diseases (Selmaj 
et al., 1991a; Cannella and Raine, 1995). 

The relevance of TNF-alpha to MS pathogenesis is also 
suggested by experiments which showed that in MS pa
tients with active disease, peripheral blood mononuclear 

' Corresponding author. Tel. +31 (20) 444 2821; Fax +31 (20) 444 
0197. 

cells express higher levels of TNF-alpha and -beta mRNA 
compared to those with stable disease and to normal 
controls (Rieckmann et al., 1994a; Rieckmann étal., 1995). 
Furthermore, it has been demonstrated that, using a whole 
blood mitogen stimulation assay (Beck et al., 1988; Chof-
flon et al., 1992) or using LPS or TPA stimulation of 
monocytes/macrophages (Imamura et al., 1993), an in
creased production of TNF-alpha (among other cytokines 
such as IFN-gamma and interleukin-1 beta (IL-1-beta)) 
precedes clinical exacerbations in MS. In some studies a 
correlation between disease activity and TNF-alpha levels 
in cerebrospinal fluid (CSF) of MS patients was demon
strated (Sharief and Hentges, 1991; Tsukada et al., 1991; 
Chofflon et al., 1992; Matsuda et al., 1994). However, 
others were unable to correlate disease activity with TNF-
alpha levels (Franciotta et al., 1989; Hauser et al., 1990), 
or did not detect TNF-alpha in the CSF of MS patients at 
all (Gallo et al., 1989; Peter et al., 1991). 

Injection of TNF-alpha into animals suffering from 
experimental allergic encephalomyelitis (EAE), a disease 
that can be induced in rodents and which shows some 
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histopathological similarities with MS, leads to aggrava
tion of EAE symptoms (Kuroda and Shimamoto, 1991). 
Treatment with compounds that inhibit the production or 
action of TNF-alpha, such as pentoxifylline (Nataf et al., 
1993; Rott et al., 1993), rolipram (Genain et al., 1995), 
phosphatidylserine (Monastra et al., 1994) or anti-TNF-an-
tibodies (Ruddle et al., 1990; Selmaj et al., 1991b; Baker 
et al., 1994) can prevent or mitigate EAE. 

The presence of TNF-alpha in the central nervous sys
tem (CNS) can be harmful through several mechanisms. 
First of all, it has been demonstrated in vitro that TNF-al
pha is cytotoxic for murine and rat oligodendrocytes, the 
myelin-producing cells in the CNS (Robbins et al., 1987; 
Selmaj and Raine, 1988). Secondly, both TNF-alpha and 
interferon-gamma are able to induce expression of inter
cellular adhesion molecule-1 (ICAM-1) on human brain 
endothelial cells (Wong and Dorovini-Zis, 1992) and on 
both astrocytes and oligodendrocytes in vitro (Frohman et 
al„ 1989; Satoh et al., 1991; Héry et al., 1995). There is 
also evidence that TNF-alpha is able to induce expression 
of vascular cell adhesion molecule-1 (VCAM-1) on spinal 
cord endothelium of animals suffering from EAE (Barten 
and Ruddle, 1994). Up-regulation of ICAM-1 and VCAM-1 
on brain endothelium has been demonstrated in MS-plaques 
(Sobel et al., 1990; Washington et al., 1994; Cannella and 
Raine, 1995), and probably is a prerequisite for entry of 
inflammatory cells into the CNS parenchyma. Accord
ingly, levels of soluble ICAM-1 (sICAM-1) in the CSF of 
MS patients have been found to correlate with disease 
activity (Sharief et al., 1993; Härtung et al., 1993; Tsukada 
et al., 1993). In a very recent study, it was demonstrated 
that values of circulating adhesion molecules and TNF-re-
ceptor in serum of MS patients correlate with disease 
activity, as measured with gadolinium-enhanced magnetic 
resonance imaging (MRI) (Härtung et al., 1995). 

Based on the evidence provided, there seems to be an 
indication to explore possible modes of counteracting 
TNF-alpha production and/or effects as potential treat
ment for MS. Of the compounds mentioned above, pentox
ifylline (PTX) is currently being prescribed for patients 
with atherosclerotic vascular disease because of its 
hemorheologic effects. Apart from these hemorheologic 
effects, PTX has been shown to be able to inhibit selec
tively the production of THl-lymphokines IL-2 and TNF-
alpha by myelin basic protein-specific CD4*-T-lympho-
cytes in vitro, while not blocking the synthesis of TH2-
lymphokines IL-4 and IL-6 by activated T-lymphocytes 
(Rott et al., 1993). PTX diminishes endotoxin-induced 
TNF-alpha production by suppression of TNF-alpha gene 
transcription in macrophages (Strieter et al., 1988; Doherty 
et al., 1991). In addition, there is evidence that PTX can 
counteract stimulatory TNF-alpha effects on inflammatory 
cells (Novick et al., 1990). Since it appears to be a safe 
drug (Ward and Clissold, 1987), and has been shown 
capable of entering the brain under at least one condition 
(Tabata et al., 1990), we decided to perform a small pilot 

study to evaluate the effect of PTX on several immuno
logical parameters in MS patients. 

2. Patients and methods 

2.1. Patients 

Since the main goal of this pilot study was to find 
effects that PTX might have on selected immune variables 
in MS, we decided the study design should be open and 
uncontrolled, and the treatment duration relatively short. In 
an attempt to correct at least partially for short-term fluctu
ations in disease activity, only patients in a chronic pro
gressive phase of the disease were included. This resulted 
in a total of 20. 

Inclusion criteria were: definite MS according to Poser 
criteria (Poser et al„ 1983); chronic progressive disease 
with disability as measured by Expanded Disability Status 
Scale (EDSS) (Kurtzke, 1983) ranging from 4.0 to 8.0; age 
between 18 and 65; women must practice an acceptable 
method of birth control; informed consent had to be ob
tained. 

Exclusion criteria were: use of anticoagulant or acetyl-
salicylic acid medication; presence of another immune-
mediated disease; use of corticosteroid medication within 
the previous 4 weeks; use of immunosuppressive medica
tion; use of antihypertensive medication; pregnancy; hy
potension; renal or hepatic disease. 

2.2. Dosage and administration of PTX 

All patients were treated with oral PTX for 4 weeks. 
During the first 2 weeks of treatment the daily dosage was 
2 X 400 mg; during the last 2 weeks 3 X 400 mg. This 
dosage was chosen because it had been proven to be both 
effective and safe in the treatment of vascular disorders. 
PTX was given as sustained release tablets (400 mg). 
Using these tablets peak plasma concentrations are reached 
after 2-4 h; the elimination half-time is 3.4 h (Ward and 
Clissold, 1987). 

2.3. Efficacy parameters 

The primary efficacy parameter was the effect of treat
ment on certain immune variables. CSF levels of TNF-al
pha, sVCAM-1, sICAM-3 and sTNF-receptor-I, as well as 
serum levels of sTNF-receptor-I and -II, sCD25 ( = sIL-2-
receptor), sCD27, sICAM-1, sICAM-3 and sVCAM-I were 
determined. The production of THl-lymphokines IL-2, 
TNF-alpha and IFN-gamma, and of TH2-lymphokines IL-4, 
IL-6, and IL-10 by peripheral blood cells was also as
sessed. Whole-blood stimulation assays using CD3 mono
clonal antibodies (mAb) or CD2/CD28 mAb were per
formed. 
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Kurtzke's EDSS was documented as a secondary out
come criterion. 

2.4. Methods 

On the first day of treatment, but before any PTX was 
given, all patients were interviewed and examined. Blood 
was obtained by venous puncture, CSF by lumbar punc
ture. On the last day of treatment this procedure was 
repeated between 11.00 and 13.00 in all patients, a few 
hours after their last morning dose of PTX. 

Assessment of TNF-alpha-, IFN-gamma- and IL-6-pro-
duction was performed on blood obtained by venous punc
ture using a vacutainer system which contained 
endotoxin-free heparin from the Free University Hospital 
Pharmacy. Immediately after collection, 200 /JL\ of whole 
blood was stimulated at 37°C and under 5% C02-atmo-
sphere in 2 ml RPMI medium + Hepes, to which peni
cillin, streptomycin and glutamine had been added, with 
phytohemagglutinin (PHA) 4.5 / ig /ml and lipopoly-
saccharide (LPS) 22.5 /tig/ml (both supplied by Med-
genix, Fleurus, Belgium) in accordance with a previously 
described protocol (De Groote et al., 1992). The period of 
stimulation was 2 h to measure TNF-alpha- and IL-6-pro-
duction, and 48 h to measure IFN-gamma-production. The 
resulting supematants were stored at — 80°C. TNF-alpha 
and IL-6 levels were assessed in the supernatant using the 
EASIA ELISA-kit (Medgenix, Fleurus, Belgium) and an 
ELISA-kit (Central Laboratory of the Netherlands Red 
Cross Blood Transfusion Service, Amsterdam, the Nether
lands), respectively, according to the manufacturer's in
structions. IFN-gamma levels were assessed in the super
natant after diluting 1:50 using the SCREENING-LINE 
ELISA-kit (Medgenix, Fleurus, Belgium) according to the 
manufacturer's instructions. 

Assessment of IL-2, 11-4, and IL-10 production was 
performed on peripheral blood mononuclear cells (PBMC) 
from blood obtained by venous puncture using a vacu
tainer system containing sodium heparin. Monoclonal anti
bodies directed against CD2 (CLB-T 11.1/1, CLB-T11.1/2 
and Hik27 (IgGl)), CD3 (CLB-T3/4.E (IgE) and CD28 
(CLB-CD28/1 (IgGl)) were generated at the Central Lab
oratory of The Netherlands Red Cross Blood Transfusion 
Service. PBMC were isolated from heparinized blood by 
Ficoll-Isopaque density gradient centrifugation and stored 
in liquid nitrogen according to standard procedures. After 
thawing, viability of the cells was over 95%, as indicated 
by trypan-blue exclusion. PBMC (5 X 104) were cultured 
in a final volume of 200 p.1 IMDM, supplemented with 
10% fetal calf serum (FCS), penicillin, streptomycin and 
beta-mercapto-ethanol, and stimulated with a triplet of 
CD2 mAb (van Kemenade et al., 1994) (final dilution 
ascites 1:1000), in the presence of CD28 mAb (final 
dilution ascites 1:400) as described previously (Rep et al., 
1994). Cytokine secretion by PBMC was measured in 
culture supematants. IL-2 secretion was measured after 24 

h of culture using the IL-2-dependent CTLL-2 line (Gillis 
et al., 1978). Other cytokines were measured after 72 h of 
culture. IL-4 and IL-10 secretion were measured in a 
specific ELISA. 

Serum levels of sCD25 and sCD27 were measured in 
heparinized blood as described previously (Hintzen et al., 
1991). Briefly, for sCD25 measurements, a commercial 
ELISA-kit (T cell Sciences, Cambridge MA, USA) was 
used. This includes a standard curve using supematants of 
PHA stimulated peripheral blood lymphocyte cultures. For 
sCD27 measurements a 'sandwich' immunoassay tech
nique was used including anti-CD27 mAb. Values were 
derived from a standard curve using PHA-stimulated 
PBMC. Serum levels of TNF-receptor I and II were mea
sured using the Quantikine 'sandwich' enzyme immunoas
say technique (R&D Systems, Minneapolis, MN, USA) 
according to the manufacturer's instructions. sICAM-1, 
sICAM-3, sVCAM-1, and sL-Selectin were measured by 
two-sided ELISA (Bender Med Systems, Vienna, Austria: 
sICAM-1, sICAM-3, sL-Selectin; R and D Systems British 
Biotechnology, Abingdon, Oxon, UK: sVCAM-1) as de
scribed recently (Härtung et al., 1995). sTNFR (60 kDa) 
was also measured immunoenzymo-metrically using a kit 
from Bender Med Systems. 

Proliferation of peripheral blood lymphocytes was mea
sured using an anti-CD3 mAb (CLB-T3/4.E) (Bloemena 
et al., 1989), and a combination of anti-CD2 and anti-CD28 
mAbs (Rep et al., 1994). 

2.5. Statistics 

Multivariate analysis of variance was performed, cor
recting for influence of THl-group cytokines on other 
cytokines and adhesion molecules using Roy-Bargmann 
stepdown F-tests; P values below 0.05 are considered to 
be significant. 

3. Results 

3.1. Patients 

Twenty patients were included (12 female, 8 male). 
Mean age was 48 + 11 years (range: 27-65 years). Mean 
disease duration was 10 ± 5 years (range: 1-20 years). 
The mean EDSS before treatment was 6.5 (range: 4.5-8.0). 
Three patients were excluded from all evaluations because 
they could not be examined post-treatment. One of these 
patients completed the treatment, but refused the post-
treatment evaluation procedures; the other two did not 
complete the treatment: one because of gastro-intestinal 
adverse effects; one because of neurological deterioration 
that was ascribed by him to the study-drug. In two pa
tients, all clinical and CSF parameters could be evaluated, 
but blood samples could not be obtained at all in one of 
them, and only partially in the other. Therefore, a full 
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Table 1 Table 3 
CSF parameters Cytokine production of PHA/LPS-stimi 

alpha. IFN-gamma) and of anti-CD2/ant 
IL-4. IL-6) 

ilated whole 
!-CD28-stimi 

blood (IL-6. TNF-

Mean values ± S.D. P-values 

Cytokine production of PHA/LPS-stimi 
alpha. IFN-gamma) and of anti-CD2/ant 
IL-4. IL-6) 

ilated whole 
!-CD28-stimi ilated PBMC (IL-2, 

Before PTX After PTX 

P-values 

Cytokine production of PHA/LPS-stimi 
alpha. IFN-gamma) and of anti-CD2/ant 
IL-4. IL-6) 

ilated whole 
!-CD28-stimi 

Before PTX After PTX 

P-values 

Mean values±S.D. P values 
Leukocytes ( n /mm1 ) 
IgG index 

I0±10 
1.37 ±0.94 
< 4 0 " 

12±l l 
1.40 ±1.05 
< 4 0 ' 

n.s. 
n.s. 

Mean values±S.D. 
Leukocytes ( n /mm1 ) 
IgG index 

I0±10 
1.37 ±0.94 
< 4 0 " 

12±l l 
1.40 ±1.05 
< 4 0 ' 

n.s. 
n.s. Before PTX After PTX 

TNF-alpha (pg/ml) 

I0±10 
1.37 ±0.94 
< 4 0 " 

12±l l 
1.40 ±1.05 
< 4 0 ' 

n.s. 
n.s. 

IL-2 (U/ml) 49 ±34 36 ±32 n.s. 
sVCAM-1 (ng/ml) 123±56 173±68 0.022 IL-4 (pg/ml) 143±73 101 ±58 n.s. 
sICAM-1 (ng/ml) < 3 0 b < 3 0 " IL-6 (pg/ml) 65 ±28 62 ±22 n.s. 
sICAM-3 (ng/ml) 5.3±1.1 6.5 ±1.3 n.s. IL-10 (pg/ml) 647 ±289 596±413 n.s. 
sTNFR-1 (ng/ml) 1.2 ±0.4 1.2 ±0.4 n.s. TNF-alpha (pg/ml) 

IFN-gamma (U/ml) 
694 ±355 
375 ±283 

677 ±245 
394 ±280 

n.s. 

• i l l 

TNF-alpha (pg/ml) 
IFN-gamma (U/ml) 

694 ±355 
375 ±283 

677 ±245 
394 ±280 n.s. 

All samples had levels below the detection limit of 30 ng/ml. 
CSF, cerebrospinal fluid; PTX, pentoxifylline; TNF-alpha. tumor necrosis 
factor alpha; sVCAM-1, soluble vascular cell adhesion molecule 1; 
sICAM-1, soluble intercellular adhesion molecule 1; sICAM-3, soluble 
intercellular adhesion molecule 3; sTNFR-1, soluble tumor necrosis factor 
receptor 1; S.D., standard deviation; n.s., statistically not significant. 

evaluation of all efficacy parameters took place in 15 of 

the 20 patients included; most efficacy parameters could 

be performed in 16 of 20 patients. 

3.2. Primary efficacy parameters 

Mean pre- and post-treatment CSF immune parameters 

are presented in Table 1. As can be seen, we could not 

Table 2 
Serum levels 

Mean values ± S.D. 

Before PTX After PTX 

sCD25 (U/ml) 429 ±165 418±171 n.s. 
sCD27 (U/ml) 131 ±27 128 ± 28 n.s. 
sTNFR-1 (pg/ml) 1453 ±356 1293 ±243 n.s. 
sTNFR-2 (pg/ml) 2871 ±516 2 872 ±483 n.s. 
sVCAM-1 (ng/ml) 1252 ±369 I 034 ±297 0.035 
sICAM-1 (ng/ml) 348 ±74 331 ±84 n.s. 
sICAM-3 (ng/ml) 27±7 28±8 n.s. 
sL-selectin (ng/ml) 1268 ±255 1473 ±356 n.s. 

PTX. pentoxifylline; sCD25. soluble CD25 ( = soluble interleukin-2 re
ceptor); sCD27, soluble CD27; sTNFR-1. soluble tumor necrosis factor 
receptor 1; sTNFR-2. soluble tumor necrosis factor receptor 2; sVCAM-1. 
soluble vascular cell adhesion molecule 1; sICAM-1, soluble intercellular 
adhesion molecule 1; sICAM-3, soluble intercellular adhesion molecule 
3; sL-selectin, soluble leucocyte selectin; S.D.. standard deviation: n.s., 
statistically not significant. 

PHA, phytohaemagglutinin; LPS, lipopolysaccharide; PBMC. peripheral 
blood mononuclear cells; PTX, pentoxifylline; IL. interleukin; S.D., 
standard deviation; n.s.: statistically not significant. 

detect any TNF-alpha in the CSF of these patients. There 

was a statistically significant rise in levels of sVCAM-1. In 

Table 2, serum levels of the immune parameters examined 

can be found. The most notable result here is a lower level 

of circulating VCAM-1. Mean pre- and post-treatment 

values for in vitro cytokine production are given in Table 

3. There were no statistically significant changes of cy

tokine production after treatment. The results of the cell 

proliferation assays are given in Table 4. 

3.3. Secondary efficacy parameter 

Mean EDSS before and after treatment was unchanged 

at a value of 6.5. A significant change in EDSS (1.0 or 

more) was not observed in any patient. 

4. Discussion 

The main goal of this pilot study was to find effects that 

PTX might have on selected immune parameters in MS 

patients. Especially a selective inhibition of TH1-function, 

as reflected in a decreased production of TH1-cytokines 

IL-2, IFN-gamma and TNF-alpha, might occur during 

PTX treatment. We were, however, unable to detect any 

trend in the direction of a decreased TH1-function during 

treatment with PTX; there was no significant change in the 

in vitro production of the THl-derived cytokines IL-2, 

IFN-gamma and TNF-alpha. This is in apparent contradic-

Table 4 
Cell proliferation assays ": whole blood stimulation with anti-CD3 mAb or a combination of anti-CD2 and anti-CD28 mAbs 

Whole-blood culture Mean values ± S.D. P-value 

Before PTX After PTX 

Anti-CD3 mAb 
Anti-CD2/anti-CD28 mAb 

3 661 ± 1 967 cpm 
28 284 ± 11 565 cpm 

4 139 ± 2708 cpm 
33 821 ± 12320 cpm 

n.s. 
n.s. 

* There were no statistically significant differences if CD3-, CD4- or CD8-positive subsets were assessed separately (data not shown). 
PTX, pentoxifylline; mAb, monoclonal antibody; cpm, counts per minute; S.D., standard deviation; n.s., statistically not significant. 
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tion to earlier in vitro results (Strieter et al., 1988; Doherty 
et al., 1991; Rott et al., 1993), but in accordance with 
recent studies that found no effect of PTX on TNF-alpha 
production by LPS-stimulated monocytes of MS patients 
(Myers et al., 1995) or on TNF-alpha production of LPS-
stimulated whole blood cultures of patients with rheuma
toid arthritis (Maksymowych et al., 1995). 

Regarding TH 2-cytokines, there was no change in the 
capability of peripheral blood cells to produce these cy
tokines after stimulation. 

A prominent observation was the absence of TNF-alpha 
in the CSF of the participating patients (Table 1). th is may 
reflect the actual levels of this cytokine in the CSF of these 
patients at the moment of lumbar puncture, since their 
condition was relatively stable during this study. It is also 
possible that in the interval between lumbar puncture and 
freezing and/or in the interval between thawing and as
sessment, TNF-alpha was lost because of intrinsic instabil
ity of the protein or because of the action of proteolytic 
enzymes in the CSF. In one of the studies where TNF-al
pha was found in the CSF of MS patients, the protease-in-
hibitor aprotinin had been added to the test tubes before 
the CSF was collected (Sharief and Hentges, 1991). How
ever, in other studies TNF-alpha was found in the CSF of 
both relapsing-remitting and secondary progressive MS 
patients without the use of aprotinin being reported, indi
cating that adding this substance is not an absolute require
ment to demonstrate TNF-alpha in the CSF (Hauser et al., 
1990; Tsukada et al., 1991). 

An effect of PTX on T-cell activation, as reflected by 
serum levels of sCD25, sCD27, and sTNF-receptor-I and 
-II, which has been demonstrated both in serum (Matsuda 
et al., 1994; Rieckmann et al., 1994b) and CSF (Tsukada 
et al., 1993; Matsuda et al., 1994) of MS patients and 
found to correlate with disease activity, could not be 
demonstrated (Table 2). 

The only statistically significant changes observed after 
PTX treatment were a drop in the level of serum s VC AM-1 
and a rise in CSF sVCAM-1. These changes remained 
statistically significant after correction for a possible influ
ence of PTX via TH1-cytokines on s VC AM-1 levels. This 
suggests, therefore, that PTX can directly change the levels 
of serum and CSF sVCAM-1. The mechanism behind 
these changes is not clear. A possible explanation could be 
that PTX reduces the sensitivity of endothelial cells to 
TNF-alpha effects. However, this leaves the rise in CSF 
levels of sVCAM-1 unexplained. VCAM-1 serves as the 
ligand of the very late antigen-4 (VLA-4). In the EAE 
model, the surface expression of VLA-4 is typical of 
strongly encephalitogenic T-cell clones, that need to bind 
to VCAM-1 to gain entry into the CNS (Baron et al., 
1993). It would seem reasonable to assume that the drop in 
serum levels of sVCAM-1, as observed in our patient 
group during treatment, could be a favorable event, but it 
is not clear what interpretation we should give to the 
corresponding rise in CSF levels of sVCAM-1. 

We were unable to demonstrate sICAM-1 in the CSF of 
these patients with chronic progressive MS. This may be 
the result of the relatively stable condition of the disease of 
our patients, whereas most reports on sICAM-1 in the CSF 
of MS patients concern patients with active disease (Jander 
et al., 1993; Sharief et al., 1993; Tsukada et al., 1993). The 
finding of sICAM-3 in the CSF has, to the best of our 
knowledge, not been reported before. There are indications 
that ICAM-3, which is mainly expressed on leucocytes, is 
of importance in early activation events of resting lympho
cytes (de Fougerolles et al., 1994). Though serum levels of 
sICAM-3 are elevated in some auto-immune disorders, 
including MS, as compared to normal controls, there was 
no correlation between serum levels of sICAM-3 and 
disease activity in MS patients in one study (Martin et al., 
1995). 

The inability of PTX treatment to influence Kurtzke's 
EDSS in this study design was, of course, expected. 

What might be the cause of the apparent discrepancy 
between the in vitro (Strieter et al., 1988; Doherty et al., 
1991; Rott et al., 1993) and EAE (Nataf et al., 1993; Rott 
et al., 1993) results on the one hand, and our results on the 
other hand, especially when we consider the inability of 
PTX to inhibit TH1-function? One possible explanation 
lies in the observation that the dosage that our patients 
received was lower (corrected for body weight) than the 
dosage that the laboratory animals received in the EAE 
model. If we assume that the average body weight of our 
patients was 70 kg, they received approximately 17 
mg/kg /day as compared to 30 mg/kg /day in one EAE 
study (Nataf et al., 1993) and 300 mg/kg /day in the other 
(Rott et al., 1993). However, in the recent study mentioned 
above, five patients were treated with 4000 mg/day (ap
proximately 60 mg/kg/day) , which did not result in a 
suppression of TNF-alpha production by stimulated mono
cytes either (Myers et al., 1995). Another possible explana
tion for the observed discrepancies could be the fact that in 
both EAE studies PTX was given in the induction phase of 
the disease, whereas in our study it was given to patients 
with long-standing MS. As far as we know there is no 
information as to whether PTX is able to reverse EAE 
symptoms once they have occurred. 

In conclusion, our results do not support the hypothesis 
that PTX might play an important role in the treatment of 
MS, although, of course, we cannot exclude the possibility 
that more positive results could have been obtained had we 
selected patients with other disease characteristics or used 
much higher dosages. 
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