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Stellingen behorende bij het proefschrift 

"Immune Functions in Untreated and Treated Multiple Sclerosis Patients" 

1. Het begrip spontane autoimmuunziekte is misleidend. 

2. Diermodellen dragen relatief weinig bij aan de ontwikkeling van nieuwe therapieën voor 
humane autoimmuunziekten. 

3. Het vergelijken van functies van perifere bloed T cellen tussen MS patiënten en gezonde en/of 
neurologische controles lijkt zijn beste tijd te hebben gehad. 

4. Behandeling van MS lijkt zich voorlopig slechts te beperken tot het reduceren van multipele 
sclerose tot oligosclerose. 

5. Onderzoek naar de relatie tussen ziekteactiviteit en immuunparameters in MS blijft en blijkt 
ondanks het gebruik van de kernspinresonantie-tomografie (magnetic resonance imaging, 
MRI) een moeilijke onderneming. 

6. Onderzoek naar de mogelijk voorspellende waarde van /';; vitro immunologische testen voor de 
selectie van MS patiënten voor specifieke therapieën dient hoge prioriteit te worden gegeven. 

7. Binnen SPSSPC dient men regelmatig ergens een punt achter te zetten. 

8. Zinsneden als "future studies will hopefully give answer to these questions", e.d. betekenen 
vanuit het oogpunt van werkverschaffing vaak ook "future studies will hopefully gi\e lise to 
more questions". 

9. Onderzoekers die voor het jaar 2000 promoveren zijn in ieder geval van één millennium 
probleem verlost. 

10. Kinderen betekenen niet alleen een verrijking, maar zeker ook een herijking van je leven. 

Martin Rep, maart 1999 



The studies described in this thesis were performed at the department 
of Clinical (Viro-) Immunology of the Central Laboratory of the 
Netherlands Red Cross Blood Transfusion Service (CLB), 
incorporating the Laboratory of Experimental and Clinical 
Immunology of the University of Amsterdam, The Netherlands. This 
research project was financially supported by the Dutch Society for 
Support of Research on Multiple Sclerosis. 

Reproduction of published articles by copyright permission of the 
publishers. 

Printing of this thesis was financially supported by: 

• "het Remmert Adriaan Laan Fonds" 

• the Dutch Society for Support of Research on Multiple Sclerosis 

• CLB/Sanguin Blood Supply Foundation 

• Schering Nederland B.V. 

Additional financial support by: 

IMRO TRAMARKO B.V. 
Biogenlnt. B.V. 
University of Amsterdam 

Printed by: Febodruk BV, Enschede 



Immune functions in untreated and treated 
multiple sclerosis patients 

ACADEMISCH PROEFSCHRIFT 

Ter verkrijging van de graad van doctor 

aan de Universiteit van Amsterdam, 

op gezag van de Rector Magnificus 

prof. dr. J.J.M. Franse 

ten overstaan van een door het college voor promoties ingestelde 

commissie in het openbaar te verdedigen in de Aula der Universiteit 

op dinsdag 2 maart 1999 te 13.00 uur 

door Martin Hendrik George Rep 

geboren te Utrecht 



Promotiecommissie 

Promotores: Prof. Dr C.H. Polman 
Prof. Dr F. Miedema 

Copromotor. Dr R.A.W. van Lier 

Overige leden: Dr R.J.M, ten Berge 
Prof. Dr S.J. van Deventer 
Prof. Dr CD. Dijkstra 
Dr R.Q. Hintzen 
Dr. C.J. Lucas 
Prof. Dr M. Vermeulen 



"If a man will begin with certainties, he shall end in doubts; but if he will be content to begin with 
doubts, he shall end in certainties". 
(F. Bacon, Advancement of learning, 1605) 

"Te veel tijd voor bespiegelingen, daar knapt de wereld niet van op. Poepluiers relativeren". 

(Cabaretier Hester Macrander) 

Voor Manita, Miia en ..., 

and in general to all people who have contributed to this thesis 





Table of contents 

Chapter 1 Introduction 9 

Chapter 2 Functional defects in peripheral blood T cells of multiple 
sclerosis patients. Diminished in vitro responsiveness in accessory 
cell dependent activation systems. Journal of Neuroimmunology 
52:139, 1994 21 

Chapter 3 Monocyte functions in multiple sclerosis. Manuscript in 
preparation 31 

Chapter 4 A pilot study investigating the effects of orally administered 
pentoxifylline on selected immune variables in patients with 
multiple sclerosis. Journal of Neuroimmunology 66:49, 1996 43 

Chapter 5 Recombinant interferon-ß blocks proliferation but enhances 
interleukin-10 secretion by activated human T cells. Journal of 
Neuroimmunology 67:111, 1996 53 

Chapter 6 Interferon(IFN)-ß treatment enhances CD95 and 
interleukin(IL)-10 expression but reduces interferon-y 
producing T cells in multiple sclerosis patients. Journal of 
Neuroimmunology, in press 63 

Chapter 7 Treatment with depleting CD4 mAb results in a preferential 
loss of circulating naive T cells but do not affect IFN-y secreting 
TH1 cells in man. Journal of Clinical Investigation 9:2225, 1997 81 

Chapter 8 Disease activity in multiple sclerosis patients is associated with 
a decrease in circulating naive CD4pos T cells and an increase in 
TH1/TH2 ratio. Manuscript in preparation 91 

Chapter 9 Summary & general discussion 105 

Samenvatting 121 

List of publications 125 





Chapter 1 

Introduction 





Introduction 

Introduction 

Multiple Sclerosis (MS) is a chronic inflammatory disease of the central nervous system 
(CNS) that affects especially young adults in the northern hemisphere. The incidence in North 
America and Europe ranges from 0.1-0.2 % in the overall population, and about twothird of 
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the patients is female . A characteristic feature of the disease is the breakdown of myelin 
which is a major component of the sheath around central axons. The architecture of this 
sheath is essential for the rapid conduction of action potentials along the nerves. Therefore, 
breakdown of myelin results in neurological disturbances, and eventually patients progress to 
a mild or severe state of disability. The presence of multifocal lesions within the CNS is one 
of the main characteristics of the disease. Within these lesions signs of inflammation and 
demyelination can be found. Recently, magnetic resonance imaging (MRJ) techniques have 
become available that can visualize these lesions in vivo. These techniques have proven to be 
a valuable tool in diagnosis and measurement of disease progression (for a recent review 
see ). 

Although the cause of MS is still unknown, it seems likely that the disease is the result 
33 

of an interplay between certain susceptibility genes and environmental factors . About ten 
35 

years ago a vast array of studies did focus on the role of viruses (for a review see ), but no 
firm evidence for a viral etiology of the disease has been obtained . Recently, a novel, so-
called, multiple sclerosis-associated retrovirus (MSRV), formerly known as LM7, was 
repeatedly isolated from MS patients1 .In addition, conflicting reports have been published on 
the association between human herpes virus 6 (HHV-6) and relapsing-remitting MS 
(RRMS)2'3'16. Finally, it has been postulated that MS might be caused by an initial infection 
with a common 'MS-retrovirus' followed by an infection with the Epstein-Barr virus in early 
adulthood or later in life . 

Another major theory concerning the cause of MS is that activated autoreactive T cells 
directed against CNS antigens attack normal brain tissue, which characterizes MS as an 
autoimmune disease. The theories on viral and autoimmune etiology can be united by the 
concept of molecular mimicry. Through similarity between certain viral epitopes and 
autoantigens, viral infection may result in a process in which autoreactive cells become 

8 32 69 

activated and mediate localized inflammatory responses ' ' . The identity of the presumable 
auto-antigen in the pathogenesis of MS is still unclear. The most likely candidate for a target 
of autoreactivity is myelin basic protein (MBP), the major component of the myelin sheath , 
but many other antigens including proteolipid protein (PLP) , myelin-associated glycoprotein 
(MAG)61, myelin oligodendrocyte glycoprotein (MOG) , the heat-shock protein 
oJB-crystallin30 and the Oligodendroglia! enzyme transaldolase (TAL) have been proposed. 
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Peptide fragments of these proteins are presented to the T cell receptor (TCR) on CD4pos T 
cells in the groove of major histocompatibility complex (MHC) class H molecules on antigen 
presenting cells (APC) .MHC class II molecules are highly polymorphic cell surface 
glycoproteins, that belong together with the MHC class I molecules to the human leukocyte 
antigen (HLA) system, and bind antigenic peptides with different affinities. Many studies have 
focused on a possible association of MS with certain HLA class-E haplotypes. However, apart 
from a (weak) association with the HLA-DR2 haplotype in Caucasians, no major associations 
have been found ' . 

In marked contrast to well-defined animal models for experimental autoimmunity, e.g. 
experimental autoimmune encephalomyelitis (EAE), studies on human autoimmune diseases 
such as MS, are complex where it concerns defining etiology and unraveling pathogenic 
mechanisms. One of the reasons for this problem is that, when patients with presumed 
autoimmune disease (e.g. MS or Rheumatoid Arthritis (RA)) present themselves for the first 
time to an out-patient department their disease is already chronic in nature. This seriously 
impedes studies on the pathogenesis of human autoimmune disease for several reasons. First, 
due to epitope- and antigen-spreading, T-cells that have been involved in the initiation of 
disease are extremely difficult to trace ' . Second, at the sites of inflammation chronic 
autoimmune disease will induce localized changes in the vascular system (for instance 
upregulation of adhesion molecules on high endothelial venules (HEV)). As a result, apart 
from disease-specific immune cells, also other activated leukocytes will home to the site of 
inflammation43. Due to inflammatory processes, changes through both positive and negative 
feedback mechanisms will occur in immunoregulatory networks. It has been extremely 
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difficult to dissect which of these changes is(are) essential to the disease process . 
Nevertheless, numerous attempts have been made to get more insight into immunopathogenic 
mechanisms in MS. 

Evidence for an activated immune system in MS 
The possible role of the immune system in the (aetio)pathogenesis of MS has been reviewed 
extensively ' ' ' ' ' , but analogous to many human diseases with a putative autoimmune 
origin, conclusive evidence confirming this hypothesis is still lacking. Still, lymphocytes and 
macrophages can be demonstrated in the perivascular inflammatory cuff, which is supposed to 
be the earliest histologically identifiable CNS lesion . Especially CD4pos T cells are present 
in high numbers at these sites ' . Most studies provide evidence for an enhanced state of 
activation of these helper T cells ' ' ' ' ' . On the other hand, contradictory findings have 
been reported on systemic immune activation. Elevated levels of interleukin(IL)-2 and IL-2 
receptor (IL2R) have been demonstrated in serum of patients with progressive 
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disease ' ' ,77, , but not in serum of RRMS patients50,53. Also, in peripheral blood of MS 
patients a decrease in the number of CD45RApos cells, which are supposed to represent the 
'unprimed' T-cell population89, and an increase of CD45R0pos, i.e. 'primed', T cells has been 
reported " ' . But, these observations could not be confirmed in other studies39,73,83. 
Expression of the T-cell specific activation antigen CD26 (Tal) was found to be elevated 
especially in MS patients with progressive disease27,96. More recently, enhanced expression of 
CD40 ligand (CD40L/CD154) was found on CD4pos T cells from MS patients9. These kind of 
phenomena are not specific for MS, because enhanced activation of CD4pos T cells has also 
been reported in diseases induced by viruses like human immunodeficiency virus type 1 
(HIV-1) , in malignancies where tumor infiltrating lymphocytes (TIL) show enhanced 
expression of activation markers , and in other autoimmune diseases such as systemic lupus 
erythematosus (SLE)17,19,21 and rheumatoid arthritis (RA)13,60,100. Surprisingly, the in vitro 
proliferative response of circulating T cells in bulk cultures in all of these diseases is very low 
in comparison with healthy controls46,56,63,75,76,86"88. This could be due to a diminished 
expression of the TCR-Ç chain, which has been demonstrated for TIL49 in patients with 
colorectal carcinoma, and for T cells present in HIV25, RA5,14 and SLE4, but has not yet been 
tested in MS. Is it conceivable that this low functional response might be caused by an 
increase in the frequency of antigen-specific T cells that proliferate poorly upon restimulation 
in vitro, possibly related to activation in vivo? On one hand this may not seem likely, because 
based on limiting dilution analysis (LDA) assays the precursor frequency of these antigen-
specific T cells is too low to explain such major effects. Moreover, using proliferation assays 
as a measure of myelin antigen T cell autoreactivity no or only minor differences have been 
found between MS patients and controls78'84,95. On the other hand, in line with recent findings 
on the magnitude of T-cell expansion following acute viral infection6, studies by Link and 
coworkers have shown that upon antigenic stimulation the number of IFN-y secreting cells is 
much higher than that in control groups . Therefore, it is possible that we underestimate the 
contribution of antigen-specific T cells in these diseases. 

Immunoregulatory disturbances in MS 

A number of observations suggest that self tolerance, i.e. tolerance against autoantigens, does 
not solely result from clonal deletion (occurring in the thymus and periphery), but that it 
depends on a number of active homeostatic mechanisms that control potentially autoreactive T 
cells. First, as was already mentioned above, myelin-reactive T cells are present in MS 
patients as well as in healthy donors. Second, a study on the animal model for MS, 
experimental autoimmune encephalomyelitis (EAE), in which T-cell receptor (TCR) 
transgenic mice specific for MBP were used, showed that CD4pos anti-MBP T cells in the 
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absence of any other lymphocytes can induce EAE36. Importantly, the presence of only small 
numbers of normal T and B cells with possible regulatory functions are able to suppress the 
development of EAE. 

The'nature of these regulatory mechanisms have more recently been the focus of a lot 
of studies. Differentiated helper T cells can be subdivided into two subpopulations, known as 
Thelper(H)l cells and TheiPer(H)2 cells. TH1 cells typically secrete interferon(IFN)-y, tumor 
necrosis factor(TNF)-a and TNF-ß, and are primarily involved in cell-mediated immunity, 
while TH2 cells secrete interleukin(IL)-4, IL-5 and IL-10, and regulate humoral immune 
responses65'82. A balance between these two helper T cell subsets is maintained by 
crossregulatory mechanisms41. IL-4 downregulates development of THI type cells, and vice 
versa IFN-y suppresses the TH2 type response. It has been hypothesized that a relative 
overexpression of THI type cytokines might play an important role in autoimmune diseases 
like MS. One of the first and most important observations in humans supporting this 
hypothesis is that systemic administration of IFN-y to MS patients results in an increased 
exacerbation rate92,93. An increase in the number of cells expressing IFN-y has been found in 
cerebrospinal fluid (CSF) as well as in peripheral blood37,74, and lymphocytes from MS 
patients have been shown to produce high levels of IFN-y in vitro . Using histochemistry 
TNF-a and TNF-ß have been detected in MS lesions66. Several studies suggest that especially 
TNF-cx may be implicated in active disease7,28,40,42'54,79. On the other hand, in general 
expression of IL-10 in peripheral blood is low in MS patients, but enhanced in patients with 
stable disease ' . 

Antigen presenting cells (APC) such as dendritic cells (DC) or 
monocytes/macrophages are involved in the priming of helper T cells. By means of the 
secretion of cytokines they are supposed to play an important role in skewing the immune 
response in either TRI or TH2 direction. Basically, IL-12 induces a THI type response, while 
IL-10 secretion may counteract this mechanism. IL-12 expression has been demonstrated in 
acute plaques of MS patients but not in inflammatory infarcts, suggesting that it might play a 
role in the initiation of the disease31. Two other studies provide evidence for upregulation of 
IL-12 in (chronic) progressive MS patients9,22, that may result from enhanced expression of 
CD40L on T cells9. 

Immunotherapy as a tool to study (aetio)pathogenesis in human autoimmune disease 
Solutions for the methodological problems inherent to the study of the (aetio)pathogenesis of 
human autoimmune disease will be hard to find. In contrast to experimental autoimmune 
disease, it will especially be difficult to get insight into the initiating events of human 
autoimmune disease. Even with the further improvement of diagnostic possibilities, e.g. by 
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the use of MRI techniques, it is questionable that - given the variety of early symptoms and 
patient- and doctor-delay - a substantial cohort of MS patients can be studied in the early 
phase of the disease. Because of this it is necessary to follow patients participating in 
experimental immunotherapy trials. If under these carefully controlled experimental 
conditions changes in the immune system correlate with changes in disease activity, new 
insights in pathogenic mechanisms may be obtained and these may subsequently lead to 
development of novel therapeutic strategies. 

The first part of our studies deals with the functional and phenotypic characterization of the 
circulating T-cell population in untreated MS patients. We set out to investigate whether 
peripheral blood T cells from MS patients differ from healthy controls in expression of 
activation and differentiation markers. Next, the capacity of circulating T cells to proliferate in 
vitro was tested in accessory-cell independent and in accessory-cell dependent assays. To 
investigate whether the dysfunction that was observed in accessory-cell dependent activation 
systems might be due to abnormalities in circulating monocytes in MS, we compared the 
cytokine secretion pattern of circulating monocytes from MS patients with that of healthy 
donors and neurological controls. 

In the second part of our studies immune functions of MS patients treated in various 
experimental therapy trials were investigated. With respect to the immunological monitoring 
of these patients, the following three issues are addressed in this thesis: 
1. Can immunological laboratory parameters be identified that correlate with disease activity 

in MS? 
2. What are the effects of the treatment protocols on immune functions and do these effects 

correlate with clinical efficacy? 
3. Do interindividual variations in the response to immunomodulatory drugs in vitro show a 

relationship with in vivo responses to these drugs? 
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PBMC could be seen in both groups, in comparison to 
the use of CD2 antibodies alone (Fig. 2D). Again, 
these responses did not differ between MS patients 
and healthy controls (median cpm controls 49 418, range 
7339-80992; MS 32847, range 1875-73 694). 

3.3. No difference in accessory cell function between MS 
patients and healthy controls 

Peripheral blood accessory cell function, as deter
mined by the addition of irradiated PBMC to healthy 
donor PBL stimulated with soluble CD3 mAb, showed 
no difference between MS patients (n = 4) and healthy 
controls (n = 5) (Fig. 3). Furthermore, there was no 
difference in the percentage of CD14+ cells in PBMC 
between patients and controls (MS 12.0 + 2.6; controls 
9.6 + 2.7). 

3.4. No evidence for gross phenotypical changes in circu
lating T cell subsets in MS patients 

Fig. 4 shows the distribution of the analyzed mark
ers among the CD3+, CD4+ and CD8+ lymphocyte 
subsets in peripheral blood. No differences were found 
in expression of CD45RA, CD45R0, CD27 and CD26 
between healthy controls and MS patients in the CD3 + 

and the CD8+ subset. 
However, within the CD4+ subset, MS patients 

showed a significantly higher percentage of CD45RA+ 

cells (50.1% ± 18.8%) in comparison with healthy con
trols (38.6% ±11.1%, P = 0.009). Although the per
centage of CD4+CD45R0+ was somewhat lower in MS 
patients compared to healthy controls, this difference 
proved not to be significant. No differences between 

Control MS 

Fig. 3. Accessory cell function of irradiated PBMC with respect to 
soluble CD3 mAb-stimulated healthy donor T cells. Results are 
given as mean cpm±SD either in the presence of healthy control 
PBMC (n = 4). or in the presence of PBMC from MS patients 
(n = 5). 

C045R0+ C027+ 

s u b s e t s 

CD45R0+ CD27 + 

s u b s e t s 

CD45RA+ CD45R0* C027+ CD26 + 

subse t s 
Fig. 4. Phenotypical analysis of peripheral blood lymphocytes of MS 
patients (ft - 33; hatched bars) and healthy controls (n = 18; closed 
bars). Data are given as mean percentages of T cell subsets ± SD. (A) 
CD3* T cell subsets. (B) CD4* T cell subsets; * P - 0.009 (MS 
patients 50.1%+ 18.8%, healthy controls 38.6%± 11.1%). (C) CD8 + 

T cell subsets. 

MS patients and healthy controls were found in the 
expression of the other markers within this subset. 

4. Discussion 

Defects in in vitro proliferative responses of periph
eral blood T cells after stimulation with CD3 and CD2 
mAb have been reported in a variety of systemic im-
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Abstract 

Function and phenotype of peripheral blood (PB) T cells in multiple sclerosis (MS) patients were analyzed. In whole blood 
cultures, T cell proliferation of multiple sclerosis (MS) patients, using soluble CD3 mAb and CD2 mAb as stimulants, was 
reduced in comparison to healthy controls. A similar difference was seen when isolated PBMC were tested after stimulation with 
soluble CD3 mAb. However, in accessory cell-independent activation systems, i.e. after stimulation of PBMC with immobilized 
CD3 mAb or after co-stimulation with CD28 mAb, both patients and controls responded equally well. Phenotypical analysis of 
the circulating T cell population showed that there were no differences in the percentage of CD26+, 'memory' (CD45R0 + ) or 
'effector' (CD4 + CD45R0 + CD27") cells between MS patients and healthy controls. Finally, although MS patients did show an 
enhanced proportion of 'naive' (CD4 + CD45RA + ) T cells, this did not correlate with the observed functional defects. 

Key words: Multiple sclerosis; CD45RA; CD45R0; CD27; Whole blood culture 

1. Introduction 

Multiple sclerosis (MS) is the major human demyeli-
nating disease. There is evidence, albeit circumstantial, 
which suggests that MS is a T cell-mediated disease of 
autoimmune origin (McFarland and Dhib Jalbut, 1989; 
Hintzen et al., 1992; Martin et al., 1992). In phenotypi
cal studies, the presence of activated T cells has been 
clearly demonstrated when cells of the central nervous 
system were analyzed (Bellamy et al., 1985; Noronha et 
al., 1985; Hafler et al., 1985a; Oger et al., 1988; Sobel 
et a l , 1988; Chofflon et a l , 1989; Hintzen et a l , 1991). 
However, contradictory results have been obtained 
from phenotypical analyses of peripheral blood 
T cells. Some authors have reported increases of 
CD4 + CD45RA + or CD26 + PB T cells (Rose et a l , 
1985; Morimoto et a l , 1987; Porrini et a l , 1992), but in 

Corresponding author. Phone (020) 512 3317; Fax (020) 512 3310 

other studies these findings could not be confirmed 
(Salonen et a l , 1989; Honen et a l , 1990). 

In spite of these discrepant findings from phenotypi
cal analyses, immunological dysfunctions of peripheral 
blood T cells from MS patients have consistently been 
reported. These functional defects could be demon
strated in autologous mixed lymphocyte reactions 
(auto-AMLR) (Hafler et a l , 1985b; Hirsch, 1986; Baxe-
vanis et a l , 1987), in suppressor cell assays (Neighbour 
and Bloom, 1979; Antel et a l , 1986; Oger et a l , 1988), 
and in CD2 mAb-induced T cell activation systems 
(Reder et a l , 1991). In the present study, we examined 
the in vitro proliferative response of PB T cells of MS 
patients in accessory cell-dependent systems, after 
stimulation with soluble CD3 mAb (van Lier et a l , 
1987). Functional assays were performed in whole blood 
cultures, in order to measure T cell responsiveness per 
standard volume of blood, and in standard cultures 
employing isolated PBMC, in order to measure the 
response per standard amount of PBMC. Because of 
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its simplicity and reproducibility the former assay is 
highly suitable for routine practice, and might be of 
clinical relevance (Bloemena et al., 1989). Responses in 
standard cultures were also measured in accessory 
cell-independent systems, by using either immobilized 
CD3 mAb (van Lier et al., 1989) or CD28 mAb in 
combination with soluble CD3 mAb or CD2 mAb (van 
Lier et al., 1988). Furthermore, we examined whether 
there is evidence for an altered activation and differen
tiation state of the circulating T cell population. There
fore, we analyzed the expression of the markers 
CD45RA, CD45R0, CD26 and CD27 within CD3+, 
CD4+ and CD8+ subsets. 

2. Materials and methods 

2.1. Subjects 

Forty MS outpatients (7 male, 33 female) were re
cruited from the Department of Neurology of the Free 
University Hospital in Amsterdam. Mean age of MS 
patients was 45.6 years (range 27.0-67.0). Fifteen of 
these patients were in a relapsing-remitting phase of 
the disease, six in a secondary progressive phase, and 
18 patients in a relapsing progressive phase. One pa
tient had a primary progressive disease course. Mean 
Expanded Disability Status Scale (EDSS) was 5.2 (range 
1.5-8.5). 

Twenty-three individuals (11 male, 12 female), re
cruited from the outpatient department and the Cen
tral Laboratory of the Netherlands Red Cross Blood 
Transfusion Service, served as healthy controls. Mean 
age of controls was 40.4 years (range 21.0-70.0). None 
of the patients or controls had been receiving im-
munomodulating agents for at least 1 year before the 
time of sampling. Subjects analyzed in smaller groups 
were included in all studies with bigger groups. 

studies were performed with directly phycoerythrin 
(PE)-conjugated CD3 (Leu-4), PE-labelled CD4 (Leu-
3a) and PE-labelled CD8 (Leu-2a). These antibodies 
were used in combination with fluorescein isothio-
cyanate (FITC)-conjugated CD45RA mAb (2H4), 
FITC-labelled CD27 mAb (CLB-CD27/2), F1TC-
labelled CD45R0 mAb (UCHL-1), and FITC-labelled 
CD26 mAb (Tal). 

All mAb were raised and produced at the Central 
Laboratory of the Netherlands Red Cross Blood 
Transfusion Service, except for PE-labelled mAbs 
which were purchased from Becton Dickinson Im-
munocytometry Systems (San Jose, CA), 2H4-FITC 
and Tal-FITC which were obtained from Coulter 
(Coulter Electronics, Luton, UK), and UCHL-1-FITC 
which was obtained from Dako (Dakopatts, Glostrup, 
Denmark). 

2.4. Whole blood culture 

Whole blood cultures were performed as described 
(Bloemena et al., 1989), with the following modifica
tions. Heparinized blood (10 /il) was diluted 1:15 
(v/v) with Iscove's modified Dulbecco's medium 
(IMDM) supplemented with penicillin (100 U/ml), 
streptomycin (100 /Mg/ml) and /3-ME (5 X 10"5 M). 
150 /il of diluted blood was added to flat-bottom 
microtiter plates and stimulated with CD3 mAb CLB-
T3/4.E (final dilution ascites 1: 1000), or a triplet of 
CD2 mAb CLB-Tll.1/1, CLB-T11.2/1 and Hik27 (fi
nal dilution ascites 1: 1000), in the absence or presence 
of CD28 mAb CLB-CD28/1 (final dilution ascites 
1: 400). 

Cells were stimulated for 4 days; 0.4 /iCi/well of 
[3H]thymidine (200 mCi/mmol, Amersham, Bucking
hamshire, UK) was added during the last 24 h of 
culture and the median cpm [3H]thymidine of triplicate 
cultures was measured. 

2.2. Blood samples and cell separation 2.5. Standard culture technique 

Venous blood was collected in evacuated blood col
lection tubes containing sodium heparin. The samples 
were kept at room temperature and used within 24 h. 

Peripheral blood mononuclear cells (PBMC) were 
isolated from heparinized blood by Ficoll-Isopaque 
density gradient centrifugation. Viability of the cells 
was over 95%, as indicated by Trypan blue exclusion. 

2.3. Monoclonal antibodies 

The following antibodies were used: CD3 mAb 
CLB-T3/4.E (IgE), CD3 mAb CLB-T3/3 (IgG2a), 
CD2 mAb CLB-Tll.1/1, CLB-T11.1/2 and Hik27 
(IgGl), CD28 mAb CLB-CD28/1 (IgGl), and CD14 
mAb CLB-CD14. Double-colour immunofluorescence 

Flat-bottom microtiter plates (Nunc, Roskilde, Den
mark) were coated overnight at 4°C with CD3 mAb 
(CLB-T3/3, 5 /ig/ml in phosphate-buffered saline 
(PBS)). The plates were washed twice with PBS before 
use. PBMC (5 X 104) were cultured in a final volume 
of 200 /il IMDM, supplemented with 5% human pooled 
serum (HPS), penicillin, streptomycin and /3-
mercaptoethanol. Alternatively, PBMC were stimu
lated with CD3 mAb (CLB-T3/4.E (final dilution as
cites 1: 1000)), or a triplet of CD2 mAb (CLB-Tll.1/1, 
CLB-T11.2/1 and Hik27 (final dilution ascites 
1: 1000)), in the absence or presence of CD28 mAb 
(CLB-CD28/1, final dilution ascites 1:400). Cells cul
tured without stimuli served as negative controls; cell 
viability was > 95% in all experiments. 
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PBMC were stimulated for 4 days. [3H]thymidine 
was added, and cpm were measured as described above. 

2.6. Analysis of accessory cell function 

Effects of accessory cells on T-cell responses were 
tested as described before (Miedema et al., 1988). 
Briefly, T cells were depleted for monocytes by coun-
terflow centrifugation elutriation (Figdor et al., 1982) 
and additional adherence to plastic (2 h, 37°C). This 
population contained < 1% CD14+ cells, as deter
mined by flow cytometry. Thereafter, 1.6 x 105 2000 
rad irradiated PBMC of MS patients (n = 4) and 
healthy controls (n = 5) were added to 4 x 104 healthy 
donor T cells and stimulated with CD3 mAb (CLB-
T3/4.E (final dilution ascites 1: 1000)), in a final vol
ume of 200 ^1 of the medium described above. Prolif
eration was measured as described above. Background 
proliferation of monocyte-depleted PBL cultured with 
CD3 mAb or allogenic PBMC alone was always < 300 
cpm. 

viable lymphocytes were analyzed using a fluorescence 
activated cell sorter (FACS, Becton Dickinson, Sunny
vale, CA). Monocytes and non-viable lymphocytes were 
excluded from analysis on the basis of their 
forward/side-angle light scatter signal. Data are repre
sented as the percentage with FITC-positive phenotype 
of CD3+, CD4+ or CD8+ cells. 

2.8. Statistical analysis 

Using the Kolmogorov-Smirnov test for goodness of 
fit, FACS-analysis data were found to be normally 
distributed. Therefore, comparison of these data be
tween different groups was performed using Student's 
Mest. Because the data of functional assays were not 
found to be normally distributed, comparison between 
groups with regard to functional parameters was per
formed using the Mann-Whitney U-test. 

3. Results 

2.7. Flow cytometry 

After isolation, cells were washed twice with medium 
consisting of phosphate-buffered saline (PBS) supple
mented with 0.5% bovine serum albumin (BSA). Im
munofluorescence staining was performed by incuba
tion of 2 X 105 PBMC during 30 min at 4°C with 
saturating amounts of combinations of PE- and FITC-
labelled mAb in PBS/BSA. Stained cells were washed 
twice and resuspended in 200 ^1 PBS/BSA and 104 

3.1. Diminished accessory cell-dependent responsiveness 
of T cells from MS patients in whole blood cultures 

Fig. 1 shows the results of the in vitro proliferation 
assays as measured in whole blood cultures (data are 
given as median cpm of 10 /j.1 of blood). As can be seen 
here, there is a significant reduction in the ability of 
circulating T cells of MS patients to respond in these 
assays. After stimulation with soluble CD3 mAb, me
dian cpm in healthy controls was 3546 (range 605-

••• • 
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Fig. 1. Proliferation of peripheral blood T lymphocytes of MS patients (n = 40) and healthy controls (n=23) in whole blood culture after 
stimulation with soluble CD3 monoclonal antibodies (A) (/» = 0.002), and after stimulation with CD2 monoclonal antibodies (B) (P = 0.001). 
Horizontal lines represent median cpm. 
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11012). MS patients showed a markedly lower re
sponse (1504, range 122-11061, P = 0.002) upon this 
stimulus. Additionally, after stimulation with CD2 anti
bodies there was a significant reduction of the prolifer
ative response of patients' T cells compared to healthy 
controls (Controls 5690, range 752-65996; MS 1653, 
range 159-8731; P = 0.001). 

3.2. Responsiveness of PB T cells from MS patients is not 
different from healthy controls in accessory cell-inde
pendent systems in standard cultures 

Although the difference was less distinct than in the 
whole blood lymphocyte culture, MS patients also 
showed a lower response to soluble CD3 mAb in 

cultures of isolated PBMC as compared with healthy 
controls (Fig. 2A: median cpm controls 3017, range 
104-25 960; MS 1764, range 105-31686; P = 0.023). In 
contrast with the results of the whole blood cultures, 
no significant differences could be found in the prolif
erative response of peripheral blood mononuclear cells 
to a triplet of CD2 mAb (Fig. 2B: median cpm controls 
7063, range 201-61940; MS 15175, range 148-67480). 
PB T cells from MS patients- responded equally well 
compared to those from healthy controls after stimula
tion with immobilized CD3 mAb (Fig. 2C: median cpm 
controls 55 861, range 4545-99268; MS 45 373, range 
4737-83045). 

Using a combination of CD28 mAb and a triplet of 
CD2 mAbs, an enhanced proliferative response of 

••••• 
MS Control MS 

D. 

E 100000 

Control MS Control MS 

Fig. 2. Proli feration of peripheral blood T lymphocytes of MS patients and healthy controls in standard culture after stimulation with soluble 
CD3 monoclonal antibodies (A) (P= 0.023), CD2 monoclonal antibodies (B). immobil ized CD3 monoclonal antibodies {C), a combination of 
CD2 and CD28 monoclonal antibodies (D). Results are given as described in Fig. 1. 
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mune-mediated diseases. In asymptomatic men in
fected with human immunodeficiency virus-1 (HIV-1), 
the response to soluble CD3 mAb (IgE) in whole blood 
lymphocyte culture (Schellekens et al., 1990) was de
creased in comparison with healthy controls. Further
more, it has been demonstrated that PBMC of systemic 
lupus erythematosus (SLE) patients respond relatively 
poorly to Leu-4 (IgGl mAb to CD3) (Kaneoka, 1992). 
In addition, PBMC of SLE patients seem to have an 
impaired response to CD2 mAb (Fox et al., 1991). The 
latter has recently also been demonstrated for chronic 
progressive (CP) MS patients (Reder et al., 1991). 

In vitro proliferative responses of peripheral blood 
T cells can be measured relatively easy in whole blood 
cultures in a reproducible manner (Bloemena et al., 
1989). Using this assay, we here show that the prolifer
ative response of MS peripheral blood T cells after 
stimulation with CD3 and CD2 mAb is significantly 
reduced compared to healthy controls. In standard 
cultures, the response to soluble CD3 mAb was also 
significantly lower in MS patients. In contrast, after 
stimulation with immobilized CD3 mAb, and after 
stimulation with CD3 or CD2 mAb in combination 
with CD28 mAb in standard cultures, no differences 
were found in PB T cell proliferative responses be
tween controls and MS patients. Differences between 
MS patients and healthy controls were not due to the 
unequal sex distribution between the two groups, be
cause there were no significant differences in prolifera
tive responses between males and females (data not 
shown). Also, we could exclude the possibility of lym-
phocytotoxic activity in MS sera as was found by others 
(Scott and Spitler, 1983), on the basis of experiments in 
which we added sera of MS patients to PBMC of 
healthy donors, stimulated with soluble CD3 mAb. 
Under these conditions, T cell responses did not show 
any difference to those measured after the addition of 
healthy donor serum (data not shown). Furthermore, 
there was no difference in the number of cells per 
standard volume of blood between MS patients and 
controls (data not shown). Therefore, it can be con
cluded that MS patients show an impaired T cell 
response in accessory cell-dependent activation assays. 
The question arises what the underlying cause(s) may 
be of this in vitro functional defect. It could be that 
there is an inherent defect in monocytes of MS pa
tients. It has been shown that in active MS the expres
sion of HLA-DR antigens on monocytes is decreased 
(Baxevanis et al., 1989). However, this did not seem to 
be the result of a diminished monocyte responsivity, 
because stimulation with interferon-y and with LPS-
enhanced the HLA-DR expression in stable and active 
MS equally well (Ransohoff et al., 1992). In our study 
we could find no evidence for a diminished capacity of 
MS monocytes to deliver co-stimulatory signals to T 
cells, because the response of healthy donor T cells in 

our system was equally well in the presence of irradi
ated PBMC either from MS patients or from healthy 
controls. While evidence for a defect in accessory cells 
in MS is apparently not very convincing, most of the 
studies seem to point to disturbances in T-cell function 
(Neighbour and Bloom, 1979; Antel et al., 1986; Hirsch, 
1986; Chofflon et al., 1988). It has been shown that MS 
patients have impaired suppressor activity, (Antel and 
Arnason, 1979). In subsequent studies it was postu
lated that this might be due to a defect in the CD8+ 

subpopulation (Antel et al., 1986). However, others 
have suggested that the diminished suppressor activity 
might be a result of a reduction in the percentage of 
CD4+CD45RA+ ('suppressor inducer') subset (Choff
lon et al., 1988). Also, a reduction in CD4+-mediated 
CTL activity specific for measles and herpes virus has 
been reported in MS patients (de Silva and McFarland, 
1991). At the moment it is unclear whether persistent 
immune activation could account for these in vitro T 
cell stimulation defects. Furthermore, it remains to be 
investigated, using suboptimal stimulation conditions in 
accessory cell-independent activation systems, if PB 
T-cell function of MS patients still appears not to be 
any different from those of healthy controls. 

On the basis of the results of the functional assays 
one might expect phenotypical changes in PB T cell 
subsets in MS patients, indicative of systemic immune 
activation. In the literature there seems to be little 
agreement about this. In some studies it has been 
demonstrated that especially chronic progressive MS 
patients and patients in relapse, show decreased num
bers of CD4+CD45RA+ ('unprimed') cells, formerly 
named suppressor inducer T cells (Rose et al., 1985; 
Morimoto et al., 1987; Porrini et al., 1992). In other 
studies, the decrease in CD4+CD45RA+ numbers 
could not be confirmed (Chofflon et al., 1989; Salonen 
et al., 1989). In contrast with the above mentioned 
reports, MS patients in our study showed a significantly 
higher percentage of CD4 + CD45RA+ cells (50.1% ± 
18.8%) when compared to healthy controls (38.6% ± 
11.1%, P = 0.009). It is known that the percentage of 
CD4 + CD45RA+ cells decreases with age (Serra et al., 
1988). However, in our study the mean age of patients 
and controls was not significantly different (data not 
shown). An alternative explanation may be that there 
could be a selective migration of 'memory' effector 
cells to the CNS. This might also explain the fact that 
MS patients did not show enhanced numbers of circu
lating CD27~ 'effector' cells (De Jong et al., 1992). 
Finally, we found no evidence for a differential expres
sion of the T cell activation marker CD26 in peripheral 
blood from mixed types of MS patients. This seems to 
be in contrast with the finding that in peripheral blood 
from progressive MS patients the expression of CD26 
(Ta,) is enhanced compared to patients having stable 
or improving multiple sclerosis, patients with other 
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neurological diseases, and normal controls (Hafler et 
al., 1985a). 

Altogether, on the basis of the phenotypical analy
ses, this study provides no evidence for gross changes 
in PB T cell activation and/or differentiation in MS 
patients. However, using functional assays, in accessory 
cell-dependent systems, patients showed a markedly 
lower response of peripheral blood T cells as compared 
with healthy controls. In contrast to CD4+CD45R0+ 

cells, CD4 + CD45RA+ cells have suppressor-inducer 
capacity (Morimoto et al., 1985) and appear to have 
more strict requirements for proliferation induction 
(Byrne et al., 1988, 1989; Sanders et al, 1989). Because 
MS patients show higher numbers of these cells, one 
might expect this to play a role in the in vitro func
tional defects observed. However, in our study no 
correlation was found at an individual basis between 
numbers of CD4 + CD45RA+ cells and in vitro prolifer
ative T cell responses (data not shown). In addition, as 
reviewed by Westermann and Pabst (1990), one needs 
to be cautious with the interpretation of lymphocyte 
subset changes in blood in relation to pathological 
changes in other organs, and with the use of phenotypi
cal markers as a reflection of functional lymphocyte 
subpopulations. Other factors, such as selection of 
patients, medication, and general condition of the pa
tient, must also be taken into account. Therefore, 
further investigation is needed in order to clarify the 
relation between in vitro responsivity in the functional 
assays described here and the clinical condition of the 
patient on the one hand, and (local) disease processes 
on the other. 
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Monocyte functions in MS 

Abstract 
CD4pos T cells producing THI cytokines such as EFN-y are believed to be important in the 
pathogenesis of Multiple Sclerosis (MS), a chronic demyelinating disease of supposed 
autoimmune origin. Interestingly, peripheral blood T cells of MS patients secrete high 
amounts of IFN-y compared to healthy donors. The differentiation of naive T cells towards the 
THI type is facilitated by interleukin (IL)-12, a cytokine produced by antigen presenting cells 
(APC). We investigated whether peripheral blood monocytes of MS patients differed from 
control groups with respect to in vitro production of IL-12. Upon optimal stimulation with 
endotoxin, MS patients showed a markedly lower secretion of IL-12(p40) compared to normal 
controls. Also IL-6, IL-10 and TNF-a secretion was lower in MS patients, while IL-8 secre
tion did not differ between the groups. Markers for monocyte activation in vivo, i.e. 
IL-12(p40) and soluble CD14 (sCD14) levels in plasma, serum and cerebrospinal fluid (CSF) 
did not significantly different between MS patients and control groups. In conclusion, no evi
dence was obtained that an intrinsic enhanced production of IL-12 by antigen presenting cells 
plays a role in the immunoregulatory disturbances seen in MS patients. The mechanism and 
the biological significance of the lower monokine secretion in vitro secretion remain to be 
defined. 

Introduction 
Based on cytokine production profile and effector function, distinct types of helper (H) CD4pos 

T cells have been described in humans. THI type cells secrete IFN-yr and tumour necrosis 
factor (TNF)-ß, and are involved in cell-mediated immunity, whereas TH2 type cells that 
secrete interleukin 4 and 5 are mainly committed to humoral immune reactions29,34. In 
addition, THO cells can be discriminated that produce a combination of THI and TH2 
cytokines. Under physiological conditions, a balance exists between THI and TH2 cell subsets, 
but in pathological conditions, such as autoimmune diseases and allergy, a predominance of 
either of these two helper T-cell subsets can be found1018. The differentiation of helper T cells 
is for a considerable degree regulated by antigen presenting cell(APC)-derived cytokines. IL-
12, a p70 heterodimer, consisting of p35 and p40 chains, is an important inducer of IFN-y 
production by T cells and NK cells21'25. P40 is produced in excess over the p35 chain, but thus 
far no biological function has been assigned to it. Initiation of a TH2 type response appears to 
be mediated by DL-4, although there is still some debate about the primary source of this 
cytokine13'14'16. 

It has been hypothesized that the disease process in MS is propagated by the presence 
of THI cytokine producing autoreactive T cells in the central nervous system (CNS).Indeed, 
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some studies reported relatively high amounts of THI cells in peripheral blood and increased 
production of IFN-y by peripheral T cells of MS patients19'32. A number of authors have 

R 19 1"7 9( : \9R'^fi 

suggested that systemic and local APC functions in MS patients are disturbed ' ' ' ' ' . 
Interestingly, it has been reported that serum levels of heterodimeric IL-12 are higher in 
chronic progressive (CP) MS patients in comparison with control groups . To investigate the 
IL-12 producing capacity of peripheral blood monocytes of MS patients we used a whole 
blood culture system . Next to this, we measured IL-12, and soluble CD14 (sCD14), as a 
general marker of monocyte activation, in cerebrospinal fluid (CSF) and serum from MS 
patients, to extend our findings to the in vivo situation. 

Materials and Methods 
Subjects 
In the first part of the study monokine secretion in vitro was measured in a group of 27 MS 
patients (mean age± SD 45.6 ± 11.1; 12 males). 35 healthy donors (mean age ± SD 36.6 ± 
11.2; 15 males) served as controls. Although in the second part of the study we used different 
groups of individuals for serum analyses, we considered comparison of these findings with 
those of the first part of the study permissible because we were mainly interested in 
generalized defects in MS patients. Levels of IL-12 (p40) and sCD14 in cerebrospinal fluid 
were measured in 32 MS patients (mean age ± SD 35.2 ± 9.7; 10 males), 29 patients with 
other inflammatory neurological diseases (mean age ± SD 48.5 ± 15.0; 17 males), 65 patients 
with other neurological diseases (mean age ± SD 40.9 ± 14.1; 26 males), and 32 healthy 
controls (mean age ± SD 41.0 ± 13.9; 14 males). In 20 MS patients, 11 OIND patients, 32 
OND patients, and 20 healthy controls from these groups levels of IL-12 (p40) and soluble 
CD14 (sCD14) were also measured in serum. 

Reagents 
IL-8, TNF-a, IL-6, and IL-12 (p40) ELIS A's were developed at the Department of 
Autoimmune Diseases, CLB, The Netherlands. IL-10 ELISA was kindly provided by DNAX 
Research Institute (Palo Alto, CA). Soluble(s) CD14 was measured in ELISA as described . 

In vitro cytokine secretion by peripheral blood monocytes 
Venous blood was collected in evacuated blood collection tubes (Vacutainer, Becton 
Dickinson, Meylan, France) containing sodium heparin (143 USP Units), and was kept at 
room temperature for 24 hours. Whole blood cultures were performed as described before . 
Briefly, blood was diluted 1:10 in IMDM, supplemented with 0.1 % FCS, antibiotics, and 50 
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IU/ml sodium heparin. Monocytes were stimulated either with or without 100 pg/ml lipo-
oligosaccharide (LOS). Supernatants were harvested after 24 hours. IL-8, TNF-a, IL-6, IL-10, 
and IL-12 (p40) secretion was measured in specific ELIS A's. 
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Figure 1. Monokine secretion patterns in whole blood 
cultures of healthy controls (n=35) and MS patients 
(n=27). A. The secretion of IL-8 did not differ between 
MS patients (median (IQR): 22 (13-39) ng/ml) and 
controls (17 (8-37) ng/ml). B. TNF- a secretion is 
slightly decreased in MS patients (controls 1548 (1059-
2728), MS 905 (646-2412) pg/ml; p<.05). C. MS 
patients secrete less IL-6 compared with healthy 
controls (controls 2305 (1117-4461), MS 1347 (509-
1887) pg/ml; p<.01). D. IL-10 secretion is lower in MS 
patients compared with healthy controls (controls (176-
379) pg/ml, MS 120 (0-211) pg/ml 239; p<.001). E. 
The secretion of IL-12 (p40) was significantly lower in 
MS patients (controls 353 (127-646), MS 114 (14-300) 
pg/ml; p<.01). 

Statistical analysis 
Results are given as median values with resp. 25 and 75 interquartile ranges (IQR). 
Differences between groups were analyzed using the Mann-Whitney U Test, or in case of 
multiple group comparisons, the Kruskal-Wallis test. Spearman's Rho was used as a measure 
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of correlation between variables, p-values <.05 were considered to be statistically significant. 

Results 
Lower secretion of IL-12, IL-10, IL-6 and TNF-a but not IL-8 by monocytes from MS 
patients 

With the exception of IL-8, none of the cytokines tested show any spontaneous secretion, i.e. 
secretion in unstimulated conditions (data not shown) and therefore no significant differences 
between MS patients and healthy controls were found. 

In figure 1 the monokine secretion patterns of both MS patients and healthy controls 
upon stimulation with 100 pg/ml LOS are given. High amounts of IL-8 are measured in most 
individuals (figure 1A) and comparison of the two groups shows that the secretion of this 
cytokine did not differ between MS patients (median (IQR): 22 (13-39) ng/ml) and controls 
(17 (8-37) ng/ml). For the proinflammatory cytokine TNF-a (figure IB) a slightly decreased 
secretion was found in MS patients (controls 1548 (1059-2728), MS 905 (646-2412) pg/ml; 
p<.05). MS patients secreted less IL-6 (figure 1C; controls 2305 (1117-4461), MS 1347 (509-
1887) pg/ml; p<01), and IL-10 (figure 1C; MS 120 (0-211) pg/ml), compared with healthy 
controls (239 (176-379) pg/ml; p<.001). Finally, the secretion of the THl-inducing cytokine 
IL-12 (p40) was significantly lower in MS patients (figure IE; controls 353 (127-646), MS 
114 (14-300) pg/ml; p<.01). 

Table I. Correlations between production of different monokines (Spearman's Rho) 

IL-8 TNF-a IL-12 IL-10 

Total HC MS Total HC MS Total HC MS Total HC MS 

IL-6 .45*" .71*" .34 

IL-8 

TNF- a 

IL-12 

* p<.05; ** p<.01; ** p<.001 

To analyze whether there are qualitative differences in monokine secretion patterns 
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.38 .06 .59 .73 .69 .57 .41 .25 .40 

.11 .00 .42* .44*" .71*** .21 .15 .05 .55' 

.41*" .27 .37 .42*"' 

.25 

.25 

-.07 

.40' 
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between individuals or that in vitro secretion of these cytokines is predominantly the 
reflection of the responsiveness of the monocyte, we also calculated correlation coefficients 
(Spearman's Rho) between the stimulated secretion of the various cytokines. The results in 
table I show that in most cases cytokine secretion patterns are positively correlated, but that 
only the correlation between IL-6 and IL-12 secretion is relatively high and also significantly 
correlated in both the control group (R=.69; p<.0001) and the MS group (R=.57; p<.001), and 
in the total group of individuals (R=.73; p<.0001). Furthermore, in the control group but not 
in the group of MS patients, EL-8 secretion is positively correlated to both IL-6 and IL-12 
secretion (R=.71; p<.0001 in both cases). 

Table II. Serum levels of IL-12 (p40) (pg/ml) 

HC OND OIND MS 

CSF 

34.0 36.5 40.0 32.5 
(29.3-67.0) (23.5-54.5) (26.0-57.0) (21.0-37.5) 

0.0 0.0 0.0 0.0 
(0.0-6.8) (0.0-7.5) (0.0-14.0) (0.5-12.8) 

Table III. Serum levels of soluble CD 14 (U/ml) 

HC OND OIND MS 

serum 

CSF 

164.0 
(110.5-202.5) 

11.5 
(8.3-16.0) 

142.5 
(118.3-168.8) 

11.0 
(8.5-17.0) 

144.0 
(125.0-162.0) 

15.0 
(6.0-33.0) 

130.0 
(110.0-143.8) 

11.0 
(8.0-18.8) 

Serum levels of IL-12 and soluble CD14 in MS patients and healthy controls 
We measured the concentration of IL-12 in serum and cerebrospinal fluid (CSF). Patients with 
other inflammatory neurological diseases, other neurological diseases and healthy donors 
served as control groups in this part of the study. The results in table II show that all groups 
show similar distribution patterns (median concentrations (IQR) HC 34 (29-67), OND 37 (24-
55), OIND 40 (26-57), MS 33 (21-38) pg/ml). In CSF BL-12 was barely detectable, and as a 
result no significant differences were found between MS patients and control groups (median 
concentrations (IQR) HC 0 (0-7), OND 0 (0-8), OIND 0 (0-14), MS 1 (0-13) pg/ml). As a 
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confirmation of the validity of our assay, occasionally a patient with an inflammatory 
neurological disease (neuroborreliosis, meningitis) was found that showed high or very high 
levels of IL-12 in CSF (53 and 444 pg/ml, respectively, data not shown). In none of the groups 
a correlation was found between IL-12 concentrations in serum and in CSF (not shown). 

To investigate whether monocyte activation in MS patients in general may be 
disturbed, we also measured soluble CD14 levels in the groups mentioned above. As can be 
seen in table m, the concentration of sCD14 in CSF was lower than in serum. Similar to what 
was found for IL-12, sCD14 levels in serum (median concentrations (IQR) HC 164 (111-203), 
OND 143 (118-169), OIND 144 (125-162), MS 130 (110-144) U/ml) as well as in CSF 
(median concentrations (IQR) HC 12 (8-16), OND 11 (9-17), OIND 15 (6-3), MS 11 (8-19) 
U/ml) did not differ significantly between the groups. 

Table TV. Correlations between concentrations of IL-12 and sCD14 in serum and in 
cerebrospinal fluid (CSF) 

Total HC OND OIND MS 

CSF 

.24 .43 .37 -.05 .00 

.19* -.13 .06 .41* .41* 

* p<.05 

Also for sCD14, in none of the groups serum levels and levels in CSF were 
significantly correlated. Finally, we analyzed whether EL-12 concentration were correlated to 
sCD14 concentration both in serum and in CSF. Table IV shows mostly low but in some cases 
significant correlation coefficients. 

Discussion 
In this study no evidence was found that in MS an aberrant monokine secretion pattern might 
be involved in directing T helper cells into the THI differentiation pathway. While in vitro 
IL-8 secretion did not differ between MS patients and healthy controls, secretion of other, 
TH2-associated cytokines such as EL-6 and EL-10 were lower in MS patients. However, also 
the pro-inflammatory cytokines TNF-oc and EL-12 (p40) were secreted in significantly lower 
amounts by peripheral blood monocytes from MS patients compared with healthy controls. 
We contemplated that one possible explanation for this phenomenon could be that monocytes 
from MS patients have been primed in vivo to produce EL-12 and possibly other cytokines, 
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and therefore are refractory to stimulation in vitro. As a consequence, MS patients in this 
situation should have higher levels of IL-12 in serum. However, in our study no differences 
were found in this parameter when comparing MS patients with patients suffering from OIND 
or OND and healthy controls. In addition, sCD14 levels, which we used as a general marker 
of monocyte activation, also did not differ between these groups. The low IL-12 levels in MS 
seem to be in contrast with findings of others , who showed higher serum levels of the 
heterodimeric form of IL-12 in chronic progressive (CPMS) patients than in patients with 
OND and in healthy controls. Although these authors measured the bioactive form of IL-12, 
which may give a more valid indication for the functional consequences, it should be stressed 
that heterodimeric EL-12 is hardly detectable in serum, and hence may be not a very reliable 
parameter. 

Other possible explanations for our finding that MS patients secrete lower amounts of 
all cytokines studied except for IL-8 could be related to the culture conditions. It has been 
demonstrated that human monocytes/macrophages express constitutively nitrogen oxide 

20 

synthase (cNOS) and upon appropriate activation inducible (i) NOS . The inflammatory 
mediator nitrogen oxide (NO) produced by these cells enhances IL-8 secretion while not 
affecting IL-6 secretion . Several investigators have presented evidence for enhanced NO 
production in brains of MS patients2'4,9'12'17. Therefore, we investigated (in cooperation with 
dr. CA. de Groot, dept. of Pathology, Free University Hospital Amsterdam, The Netherlands) 
in a pilot study whether MS patients are more prone to produce NO in our system compared to 

22 

healthy controls. In agreement with what was found by others , in none of the individuals NO 
could be measured in culture supernatant, indicating that NO probably does not play a role. 

In one other study it has been shown that, irrespective of disease state, monocytes from 
MS patients secreted the same amount of TNF-a and interleukin (IL)-Iß upon stimulation 
with LPS compared to controls . However, using a similar system, Imamura and coworkers 
demonstrated that secretion of these cytokines, and also IL-6 is elevated in MS patients. For 
patients with active disease the difference was significant compared to control groups. In 
contrast to the studies mentioned above, we used a system in which monocytes were not 
isolated, and culture media were kept free of endotoxins, to prevent preactivation of 
monocytes. This could be confirmed by the fact that little or no spontaneous secretion of 
monokines was seen in our study (data not shown), while in the study of Rudick and 
coworkers considerable amounts of cytokines were spontaneously secreted. Irrespective of 
these differing results, bacterial lipo-polysaccharides can not be considered to be 
physiological stimuli in case of autoimmune diseases. Using activated CD4pos T cells as a 
stimulus it was shown that in a CD40 ligand-dependent manner monocytes from progressive 
but not from relapsing-remitting MS patients secrete more IL-12 than controls . 
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In other autoimmune diseases, similar observations of in vitro cytokine secretion 
patterns of monocytes have been reported. For instance, systemic lupus erythematosus (SLE) 
patients also secreted less IL-6 than healthy controls, while secretion of TNF-a did not differ 
between these groups7. The same results, and also a low secretion of IL-12, have been found 
in rheumatoid arthritis (RA) patients (Van der Pouw Kraan et al., unpublished observations). 
In septic patients proinflammatory cytokine production (IL-Iß, IL-6 and TNF-a) in general 
seems to be downregulated . Also in HIV-1 infected individuals, that apparently have 
disturbed function of THI type cells, a low secretion of IL-12 by monocytes was 
demonstrated, but probably this is not specific for IL-12. In conclusion, it seems that systemic 
defects in immune function as were shown for all of the above mentioned diseases are also 
reflected in disturbed secretion of monokines in systems using bacterial lipo-polysaccharides, 
irrespective of whether the disease is generally associated with either a THI type response or a 
TH2 type response. Several studies in which other markers of monocyte function were used, 
underline this conclusion. Decreased expression of HLA-DR was found on monocytes from 
MS patients33, which was associated with impaired suppressor cell function . However, this 
seemed to be related to disease activity. A lowered cytotoxic function of monocytes from MS 
patients was related to higher levels of intracellular cAMP . Because, as mentioned above, 
considerable evidence has been presented that APCs in CNS of MS patients produce high 
amounts of inflammatory mediators, decreased in vitro peripheral blood monocyte function 
might be caused by leakage of these factors into the circulation . 

In summary, although disturbances were documented in the function of circulating 
accessory cells, the results of our study do not support the hypothesis that enhanced 
production of IL-12 by APCs might be responsible for a preferential differentiation into the 
THI pathway in MS. The mechanisms that might be involved in the lower capacity of MS 
monocytes to produce IL-12 in vitro remain to be further investigated. 
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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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Abstract 

Results from recent clinical trials have indicated that recombinant interferon-/} (rIFN-/}) is a promising drug for the treatment of 
Multiple Sclerosis (MS), a disease of supposed autoimmune etiology. To gain insight into the immunoregulatory properties of this 
cytokine, we analyzed effects of interferon-ß (IFN-/3) on T-cell functions in vitro. Interferon-/} inhibited T-cell proliferation, as well as 
T-cell-dependent immunoglobulin secretion, in a dose-dependent manner. IFN-/3 did not inhibit upregulation of CD40L on activated 
T-cells, but blocked induction of CD25 on stimulated T- and B-lymphocytes. Secretion of interferon-gamma (IFN-y), tumour necrosis 
alpha (TNF-a) and IL-13 was inhibited by the addition of IFN-/}, whereas IL-4 secretion was unaffected. Interestingly, IFN-/} enhanced 
secretion of IL-2 about two-fold and secretion of IL-10 nearly four-fold. In summary, these findings suggest that IFN-/} may exert direct 
effects on T- and B-cell function in vivo. In addition, enhanced secretion of IL-10 by activated T-cells may interfere with newly initiated 
and ongoing inflammatory immune reactions. 

Keywords: Recombinant interferon-/} (rIFN-/}); Multiple sclerosis; T-cell activation; B-cell differentiation; Interleukin-10 

1. Introduction 

Although the etiology of the disease has not yet been 
elucidated, evidence for immunoregulatory disturbances in 
Multiple Sclerosis (MS) has accumulated (Selmaj et al., 
1991; Hirsch, 1986; Antel et al., 1986; Rose et al., 1985; 
Selmaj et al., 1986). For this reason, several immunomodu-
lating drugs have been tested in clinical trials, but so far 
none has proved to be very successful (Hughes, 1994). 
Recently, results of clinical trials with relapsing-remitting 
MS patients (RRMS) have indicated that recombinant in-
terferon-/3 (rIFN-ß) is a promising drug for the treatment 
of the disease (Paty and Li, 1993; The IFNB Multiple 
Sclerosis Study Group, 1993; Jacobs et al., 1994). Patients 

'Corresponding author. Tel.: +31-20-512-3317; fax: + 31-20-512-

were reported to have fewer clinical exacerbations and a 
substantial reduction in disease activity on magnetic reso
nance imaging (MRI) scans after treatment. 

Interferon-/3 (IFN-ß ), a type I interferon, is known for 
its anti-viral activity (Balkwill, 1989), but immunomodula
tory effects of type I interferons have also been described. 
IFN-ß reduces secretion of IFN-y, TNF-a and lympho-
toxin (TNF-/3) by activated PBMC (Noronha et al., 1993; 
Abu Khabar et al., 1992). Moreover, IFN-ß inhibits dose-
dependently proliferation of circulating T-cells in vitro in 
response to concanavalin A (ConA) or CD3 mAb, irrespec
tive of whether cells are obtained from MS patients or 
from healthy controls (Noronha et al., 1993; Rudick et al., 
1993). 

To obtain more insight into the immunoregulatory prop
erties of rIFN-ß, we investigated the influence of rIFN-ß 
on T- and B-cells in vitro. Our findings indicate that 
mitogenic responses of T-cells may be directly influenced 
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by IFN-/3, and perhaps more importantly, that IFN-/3 
strongly modulates the cytokine secretion pattern of acti
vated T-cells. 

2. Materials and methods 

2.1. Reagents 

Monoclonal antibodies (mAb) directed against CD2 
(CLB-Tl l .1 /1 , CLB-T11.1/2 and Hik27), CD3 (CLB-
T3/3) , CD28 (CLB-CD28/1), CD16 (CLB-gran/11), 
CD14 (CLB-mon/1), CD40 (CLB-CD40), IgM (CLB-
MH15), IgG (CLB-MH16), CD 19 (FITC-labeled, CLB-
CD19F), CD4 (FITC-labeled, clone 10A12), CD25 (bio-
tinylated, clone 4E10), biotinylated IgGl control, and 
FITC-conjugated goat anti-mouse immunoglobulin 
(GAM-FITC) were generated at the Central Laboratory of 
the Netherlands Red Cross Blood Transfusion Service. 
Streptavidin-phycoerythrin (SA-PE), phycoerythrin 
(PE)-labeled CD69 mAb and CD4 mAb were purchased 
from Becton Dickinson (Immunocytometry Systems, San 
Jose, CA). Anti-IgM (PE)-labeled antibodies were pur
chased from Southern Biotechnology Associates (Bi
rmingham, USA). 

CD40-hIg was kindly provided by Peter Lane (Basel 
Institute of Immunology). PMA (CMC Cancer Research, 
Katonah, NY) and ionomycine (Calbiochem, La Jolla, CA) 
were prepared as stock solutions in DMSO, stored at 
-20°C and diluted properly before use. Recombinant 
human interferon-^ (IFN/3-lb; Betaseron®) was kindly 
provided by Dr. Pablo Valenzuela (Chiron, Emmeryville, 
CA). 

2.2. Cell separation 

Peripheral blood mononuclear cells (PBMC) were iso
lated from heparinized blood by Ficoll-Isopaque density 
gradient centrifugation. Peripheral blood lymphocytes 
(PBL) were depleted for monocytes by adherence to plas
tic (2 h, 37°C). The final population contained < 5% 
CD14+ cells, as determined by flow cytometry. Viability 
of the cells was over 95%, as indicated by trypan-blue 
exclusion. 

Tonsils taken from children at tonsillectomy were finely 
minced, and cells were suspended in Earles medium, sup
plemented with 5% FCS, 10% TNC and antibiotics, cen-
trifuged for 10 min at 1000 rpm. After two washes with 
IMDM, supplemented with 10% FCS, the resulting cell 
suspension was incubated with saturating amounts of CD3 
(CLB-T3/4.1), CD2 (CLB-T11.1/1), CD14 mAb (CLB-
mon/1) and CD 16 mAb (CLB-gran/11) for 30 min at 4°C 
in Earles medium, supplemented with 2% FCS. After two 
washes, the cells were incubated for 45 min at 4°C with 
sheep anti-mouse Ig-coated magnetic beads (Dynabeads 
M450, Dynal A.S., Oslo, Norway). Bead-coated cells were 

removed with a Dynal magnetic particle concentrator. The 
final cell suspensions contained > 98% CD19+ cells, as 
determined by flow cytometry. 

2.3. T-cell stimulation 

PBL (5 X 10") were cultured in a final volume of 200 
/il IMDM, supplemented with 10% fetal calf serum (FCS), 
penicillin, streptomycin and /3-mercaptoethanol, and stim
ulated 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). Alternatively, 
cells were stimulated with immobilized CD3 mAb (CLB-
T 3 / 3 , 5 / ig /ml) (van Lier et al., 1989), or with a combi
nation of PMA (1 ng/ml) and ionomycine (10 p.M). Cells 
were cultured in the presence or absence of IFN-/3 ( 1 -
10,000 U/ml) for four days; 0.4 /xCi/well of [3H]thymi-
dine (200 mCi/mmol, Amersham, Buckinghamshire, UK) 
was added during the last 24 h of culture and the median 
cpm [ H]thymidine of triplicate cultures was measured. 
Results are given as percentage inhibition: 
% inhibition 

t cpm with IFN-ß - cpm control \ 
; X 100% 

cpm control j 

2.4. Cytokine secretion 

Cytokine secretion by PBL was measured in culture 
supematants upon stimulation with a combination of CD2 
mAb and CD28 mAb, in the presence or absence of IFN-ß 
(1-10,000 U/ml) , as described above. IL-2 secretion was 
measured after 24 h of culture using the IL-2-dependent 
CTLL-2 line as described by Gillis et al. (1978). Other 
cytokines were measured after 72 h of culture. IL-4 (van 
der Pouw-Kraan et al., 1992), IFN--y (Van der Meide et 
al., 1985), IL-IO (IL-10 ELISA was developed at DNAX 
Research Institute, Palo Alto, CA), TNF-a (TNF-a ELISA 
was developed at the CLB, Amsterdam) and IL-13 (van 
der Pouw Kraan et al., 1996) secretion was measured in 
specific ELISA. Results are given as fold increase in 
comparison with control values: 

relative increase 

' concentration with IFN-ß - concentration control \ 

concentration control / 
X 100% 

2.5. Immunoglobulin secretion 

To measure T-cell-dependent immunoglobulin secre
tion, PBMC were cultured in flat-bottomed microtiter plates 
(Nunc, Roskilde, Denmark) coated with CD3 mAb (CLB-
T 3 / 3 , 5 /xg/ml) (van Lier et al., 1989). Cells were 
stimulated in the presence or absence of IFN-/3 (1-10,000 
U/ml). IgM and IgG secretion was measured in super-
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natants at day 14 by means of isotype-specific ELISA 
(RUmke et al., 1982). Results are given as a percentage of 
the control value, i.e. Ig secetion in the absence of IFN-ß. 

2.6. Flow cytometry 

PBMC (1 X 106 cells/well) were cultured in 24-well 
culture plates for 24 h in the presence of a combination of 
CD2 mAb and CD28 mAb, as described above, with or 
without 1,000 U/ml IFN-ß. Purified tonsillar B cells were 
treated similarly, except that they were stimulated with a 
combination of IgM mAb (final dilution ascites 1:1000) 
and CD40 mAb (final dilution ascites 1:1000). After isola
tion, cells were washed twice with medium consisting of 
phosphate-buffered saline (PBS) supplemented with 0.5% 
bovine serum albumin (BSA). Immunofluorescence stain
ing was performed by incubation of PBMC with saturating 
amounts of combinations of FITC- and either PE-labeled 
mAb or biotinylated mAb in PBS/BSA. Stained cells 
were washed twice and in a second step streptavidin-PE 
was added which binds to biotinylated mAb. 104 viable 
lymphocytes were analyzed using a fluorescence-activated 
cell sorter (FACS, Becton Dickinson, Sunnyvale, CA). 

2.7. Statistical analysis 

Effects of IFN-ß were analyzed using the Wilcoxon 
signed Rank-test for paired comparisons. Correlations be
tween effects were measured using Spearman's Rank-cor
relation test. 

3. Results 

3.1. In vitro T-cell proliferation and differentiation is 
inhibited by IFN-ß 

T-cell proliferation was measured after optimal stimula
tion of peripheral blood lymphocytes with either immobi
lized CD3 mAb or a triplet of CD2 mAb in combination 
with CD28 mAb. IFN-ß significantly inhibited T-cell pro
liferation at a concentration of 10,000 U/ml . Mean per-

Fig. 1. In vitro proliferation of peripheral blood T-cells. (A) Effect of 
IFN-ß (10.000 U/ml) on T-cell proliferation using different stimuli. 
Results are given as mean percentage inhibition±S.E.M. (n = 9). Mean 
proliferation + S.E.M. in the absence of IFN-ß after stimulation with 
immobilized CD3 mAb was 35090± 17351 cpm, after stimulation with a 
combination of a triplet of CD2 mAb and CD28 mAb 56337 ±17708 
cpm. and after stimulation with PMA and ionomycine 11429 + 2212 cpm. 
With medium alone, either in the presence or absence of IFN-ß, values 
were always < 200 cpm. (B) Interindividual difference in dose-response 
curves of T-cell proliferation after activation with a combination of a 
triplet of CD2 mAb and CD28 mAb. Results are given as percentage of 
the control value, i.e. proliferation in the absence of IFN-ß. Dotted line 
represents mean value at 10,000 U/ml IFN-ß. 

centage of inhibition ± S.E.M. was 39 ± 12% after stimu
lation with immobilized CD3 mAb, and 45 ± 13% after 
stimulation with a triplet of CD2 mAb in combination with 
CD28 mAb (P = 0.008 in both conditions; Fig. 1A). A 
similar effect could be seen when surface receptors were 
bypassed through direct activation of PKC and release of 
Ca2+ by a combination of PMA and ionomycine (mean 
percentage inhibition + S.E.M. was 42 ± 20%; P = 0.011). 
Interestingly, although this dose-dependent decrease in 

CD2*CD2 8 

PMA +ionomycine 

0 10 20 30 40 50 60 70 
% inhibition 

0 1 10 100 1,000 10,000 

I n t e r f e r o n - b e t a ( U / m l ) 
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proliferative response was a general finding, there ap
peared to be a rather large interindividual difference in the 
amount of inhibition (Fig. IB). 

T-cell-dependent immunoglobulin secretion was mea
sured after stimulation of PBMC with an optimal concen
tration of immobilized CD3 mAb. which is an efficient 
way to induce T-cell-dependent Ig secretion (van Lier et 
al., 1989). Secretion of IgM and IgG was dose-dependently 
inhibited upon addition of IFN-ß (Fig. 2). In the presence 
of 1,000 U/ml IFN-ß, mean IgM and IgG secretion + 
S.E.M. was resp. 36 ± 8% and 33 ± 8% of the value 
measured in the absence of IFN-ß. This inhibition was 
nearly maximal, because values observed at a concentra
tion of 10.000 U/ml IFN-ß were resp. 31 + 10% and 
24 ± 7%. 

3.2. Secretion of ThI- and Th2-type cytokines by T-
tymphocytes is differentially affected by IFN-ß 

Effects of IFN-ß on cytokine secretion by circulating 
T-cells were measured after optimal stimulation with a 
triplet of CD2 in combination with CD28 mAb (Fig. 3). 
Previous studies in our laboratory have demonstrated that 
this mode of activation is superior to immobilized CD3 
mAb in inducing (paracrine) cytokine production (De Jong 
et al., 1991). At the highest concentration (10,000 U/ml) 
used, IFN-ß reduced secretion of the cytokines IFN-y and 
TNF-a to a similar extent (up to 50% of the initial value; 
P = 0.008 for both cytokines), while IL-2 secretion was 
almost doubled (P = 0.038). In contrast, IFN-ß did not 
have any effect on the secretion of the Th2 cytokine IL-4. 
Interestingly, IL-10 secretion was dramatically increased, 
to about 3.6 times the initial value ( P = 0.012), while 
secretion of IL-13 was reduced to about 50% of the initial 
value (P = 0.048), upon addition of IFN-ß. 

To determine the relationship between sensitivity for 
effects of IFN-ß on T-cell proliferation and sensitivity for 
effects on lymphokine secretion, correlations were calcu
lated between T-cell proliferation and resp. IL-2, IFN-y, 
TNF-a and IL-10 secretion upon stimulation with a triplet 
of CD2 mAb in the presence of CD28 mAb. While effects 
of IFN-ß on IL-2 secretion showed no relationship with 
effects on T-cell proliferation, the inhibitory effects of 

Fig. 2. Immunoglobulin secretion in a T-cell-dependent activation system, 
measured 14 days after stimulation of 5X IG"1 PBMC with an optimal 
concentration of immobilized CD3 mAb. IFN-ß was used at the indicated 
concentrations. (A) IgM secretion: mean IgM secretion ± S.E.M. in the 
absence of IFN-ß was 29.2 ± 19.7 /ig/ml. (B) IgG secretion: mean IgG 
secretion ± S.E.M. in the absence of IFN-ß was 12.5 ± 3.9 /ig/ml. 
Results are given as percentage of the control value, i.e. Ig secretion in 
the absence of IFN-ß. In unstimulated cultures, mean IgM and IgG 
secretion±S.E.M. was 2.0±0.2 jug/ml and 1.5±0.7 /ig/ml, respec
tively. Mean percentage of the control value ± S.E.M. in the presence of 
10.000 U/ml IFN-ß was 11±I and 28 ±7 for IgM and IgG, respec
tively. Different lines represent 6 different donors. 

IFN-ß on secretion of IFN-y (R = 0.74; /> = 0.0I) and 
TNF-a (Ä = 0.81; P = 0.0\) correlate well with the re
duction of T-cell proliferation (Table 1). Interestingly, 
enhancement of IL-10 secretion was most pronounced in 

0 1 10 100 1,000 10,000 

I n t e r f e r o n - b e t a ( U / m l ) 

1 10 100 1,000 10,000 

In ter feron-be ta ( U / m l ) 
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IFN> 

Table 2 
Phenolypes of activated CD4* peripheral blood T-lymphocytes and 
activated purified tonsillar B-Iymphocytes 

Fold increase 

Fig. 3. Effect of IFN-ß on cytokine secretion by peripheral blood 
lymphocytes stimulated with a combination of a triplet of CD2 mAb and 
CD28 mAb. Mean secretion ± S.E.M. of cytokines in the absence of 
IFN-ß was, respectively: IL-2 171 ±168 U/ml. IFN-y 27.6±18.4 
ng/ml. TNF-o 8.8 ±4.8 ng/ml, IL-4 228 ±292 pg/ml. IL-10 335 ±245 
pg/ml, IL-13 291 ±164 pg/ml. With medium alone, either in the 
presence or absence of IFN-ß, no cytokine secretion could be measured. 
With the exception of IL-13, where 1.000 U/ml IFN-ß was used, for all 
other cytokines IFN-ß was used at a concentration of 10,000 U/ml. 
Results are given as mean relative increase (as described in Section 
2) ± S.E.M. <n = 9>. 

donors that showed a modest IFN-ß-induced decrease in 
T-cell proliferation (R = 0.67; P = 0.01). 

3.3. Effects of IFN-ß on the expression of early activation 
antigens on CD4 + T-cells and tonsillar B-cells 

To investigate whether IFN-ß exerts its effects already 
during the early stages of activation of CD4+ T-cells in 
vitro, PBL were stimulated for 24 h, with a triplet of CD2 
mAb in combination with CD28 mAb, in the absence or in 
the presence of 1,000 U/ml IFN-/3. Analysis of CD4+ 

T-lymphocytes indicated that IFN-ß did not affect the 
upregulation of CD40L. However, expression of the very 

Table 1 
Correlation between sensitivity for anti-proliferative effects and effects on 
cytokine secretion 

R P 

IL-2 -0.38 0.32 
IFN-7 0.74 0.01 
TNF-a 0.81 0.01 
IL-10 0.67 0.01 

CD4* T lymphocytes B-lym shocytes 

-IFN ß + IFN-/3 * -IFN -ß + IFN-0 

IgGl control 11 8 15 9 
CD69 77 127 18 31 
CD25 215 24 39 14 
CD40L 44 56 n.a." n.a. 

Spearman's Rho was calculated using percentages of the control value 
(i.e. stimulation in the absence of IFN-ß ), measured in the presence of 
10,000 U/ml IFN-ß. 

PBMC and tonsillar B-cells were activated for 24 h as described in 
Section 2. Results from one representative experiment are given as mean 
fluorescence (MFL) 24 h after activation. 
' 1,000 U/ml IFN-S. 

n.a. = not applicable. 

early activation marker CD69 was enhanced (Table 2). In 
contrast, the upregulation of CD25 (IL-2R) was markedly 
inhibited. 

Tonsillar B-cells were cultured for 24 h in the presence 
of IgM mAb in combination with CD40 mAb, to study 
whether IFN-ß affected the expression of activation anti
gens on B-cells. Addition of 1,000 U/ml IFN-/3 resulted 
in a higher expression of CD69. However, similar to what 
could be seen in T-cells, CD25 upregulation after 24 h was 
diminished when IFN-ß was added to these cultures. 

4. Discussion 

Type I interferons (IFN-a and IFN-ß ) have been tested 
in clinical trials with MS patients for several reasons. 
Jacobs et al. (1986) administered natural interferon-ß in-
trathecally to MS patients, because of a suspected viral 
etiology of the disease. In this small trial a decrease in 
clinical exacerbation frequency was reported. Others have 
ascribed clinical effects of IFN-ß to its immunomodula
tory properties (Knobler et al., 1984; Camenga et al., 
1986). In agreement with earlier findings (Noronha et al., 
1993; Rudick et al., 1993), we found that IFN-ß signifi
cantly inhibits T-cell proliferation in a dose-dependent 
manner. With respect to this it was remarkable that donors 
differ in their sensitivity to IFN-ß. Therefore, it will be 
interesting to investigate whether this in vitro response 
might have a predictive value considering the therapeutic 
effects of IFN-ß. Similarly, T-cell-dependent B-cell differ
entiation was inhibited by IFN-ß. Diminished Ig secretion 
was not due to reduced CD40L expression, because IFN-ß 
exerted no effect on the expression of this early activation 
molecule. Furthermore, secretion of cytokines needed for 
B-cell differentiation such as IL-2 and IL-4 (Zubler et al„ 
1984; Waldmann et al., 1984; Nakanishi et al„ 1984; 
Nakagawa et al., 1985) was not lowered by addition of 
IFN-ß. As phenotypical analysis of activated B-cells 
showed that IFN-ß inhibits the upregulation of CD25, a 
direct effect of IFN-ß on B-cells can be envisaged. Indeed, 
IFN-ß was found to inhibit proliferative responses of 
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tonsillar B-cells activated by combinations of anti-IgM and 
CD40 mAb (data not shown). A well-established finding in 
MS is the presence of oligoclonal bands (IgG) in cere
brospinal fluid (CSF), indicative of intrathecal oligoclonal 
B-cell activation (Link, 1973). On the basis of our findings 
on the effects of IFN-/3 on lg secretion, it may be worth
while to test the influence of IFN-/3 on humoral immune 
responses in vivo. 

Although evidence is still circumstantial, there seems to 
be a crucial role in MS for autoantigen-reactive CD4* 
T-cells (Zhang et al., 1992; Medaer et al., 1995), which 
upon appropriate activation by antigen presenting cells 
produce Th 1 cytokines. These cytokines have been shown 
to be involved in cell-mediated immune responses 
(Romagnani, 1991; Del Prête et al., 1994). The Thl cy
tokine IFN-y is expressed in high amounts in active 
lesions of chronic MS patients (Traugott and Lebon, 1988). 
Furthermore, IFN-y is produced more abundantly by in 
vitro activated peripheral blood cells of MS patients (Hirsch 
et al., 1985), especially just prior to and during clinical 
attacks (Beck et al., 1988). IFN-y activates accessory cells 
such as macrophages, astrocytes and microglial cells, re
sulting in enhanced MHC class II expression (Massa et al., 
1986; Wong et al., 1984; McCarron et al., 1990) and 
augmented secretion of pro-inflammatory cytokines such 
as TNF-a (Collart et al., 1986). Importantly, TNF-a is 
thought to play a role in myelin breakdown and damage of 
oligodendrocytes in the CNS of MS patients (Selmaj and 
Raine, 1988). 

Based on these findings, which suggest that MS might 
be a 'Thl-like' disease, it was of interest to determine 
whether IFN-/3 had any influence on the secretion of 
Thl-type cytokines by activated T-cells. IFN-/3, when 
added to in vitro activated peripheral blood T-cells was 
found to inhibit IFN-y as well as TNF-a secretion up to 
50% at a concentration of 10,000 U/ml . Similar effects 
have been reported in previous studies (Noronha et al., 
1993; Abu Khabar et al., 1992). Furthermore, we could 
confirm earlier findings (Noronha et al., 1993), that secre
tion of IL-2 by IFN-/3-treated PBL is enhanced in compari
son with untreated PBL. As also mentioned by these 
authors, this effect might be explained by a diminished 
consumption of IL-2, because we have demonstrated that 
IFN-/3 also reduces the expression of the IL-2 receptor 
(CD25) on activated T-lymphocytes (Table 2), a phe
nomenon also observed by Rudick et al. (1993), but not 
confirmed by Noronha et al. (1993). 

Because Th2-type cytokines IL-4, IL-10 and IL-13 have 
either directly or indirectly (via downregulation of IL-12 
production by monocytes) inhibitory effects on the differ
entiation of CD4+ T-cells into Thl-like cells, and also 
downregulate IFN-y production (Del Prête et al., 1994; 
Zurawski and De Vries, 1995), we tested whether produc
tion of Th2-like cytokines is also influenced by IFN-/3. 
Strikingly, a marked increase of IL-10 secretion by periph
eral blood T-cells was observed, whereas IL-4 secretion by 

activated PBL was not affected and the secretion of IL-13 
was even inhibited. One might argue that some or all of 
these effects could be explained by the diminution of 
cellular activation in the presence of IFN-/3. Indeed the 
reduction of IFN-y and TNF-a secretion correlates well 
with a decrease in T-cell proliferation (R = 0.74; P = 0.01 
and R = 0.81; P = 0.01, respectively). As both cellular 
proliferation and cytokine secretion depend heavily on the 
proper interaction between IL-2 and its receptor complex 
(Kuiper et al., 1994), the strong reduction of CD25 expres
sion in the presence of IFN-/3 might explain these correla
tions. Remarkably, however, enhancement of IL-10 secre
tion also correlated to a considerable degree (fi = 0.67; 
P = 0.01 ) with modest inhibitory effects on T-cell prolifer
ation. From the correlation values we conclude that IFN-/3 
not only directly or indirectly regulates CD25 expression 
on activated T-cells, but also has an independent effect on 
IL-10 secretion. At this moment, no reports are known to 
us about the concentrations of IFN-/3 that are reached in 
vivo, in patients treated with this drug. Therefore, it re
mains difficult to determine whether the in vitro findings 
can be extrapolated to the in vivo situation. But, as we 
have already found a three-fold increase of IL-10 secretion 
in the presence of 1000 U/ml IFN-/3 (data not shown), it 
seems possible that modulation of IL-10 secretion might 
be relevant for the therapeutic effects of IFN-/3. 

It has been shown that serum IL-10 levels, especially in 
progressive MS patients is lower in comparison with con
trols (Salmaggi et al., 1994), and also that during the 
recovery phase of MS, IL-10 concentrations found in CSF 
are enhanced (Rieckmann et al„ 1994). Studies in EAE 
mice have shown that IL-10, when given before the induc
tion phase, prevents development of the disease (Rott et 
al„ 1994). In mice it has been demonstrated that IL-10, 
which may also be produced by monocytes, selectively 
downregulates Thl-type responses (Fiorentino et al., 1989). 
In humans IL-10 is a strong inhibitor of monokines, espe
cially IL-12. IL-12 is considered to be the most important 
cytokine for induction of Thl responses, most likely by its 
IFN-y-inducing effect on T-cells and NK cells (Trinchieri, 
1994). This suggests that IL-10 might play an important 
role in the dampening of ongoing immune responses in 
man. Further in vitro studies, and also studies on patients 
treated with interferon-/3, may provide an answer to the 
question whether the in vivo effects of this cytokine can be 
explained by this enhanced IL-10 secretion by T-cells, or 
that other mechanisms might play a role. 
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IFN-ß treatment enhances CD95 and interleukin-10 expression in MS 

Summary 
Interferon (IFN)-R has been shown to favorably alter the disease course of relapsing-remitting 
multiple sclerosis (RRMS) patients. Although its mode of action is still unclear, there is ample 
evidence from in vitro studies that IFN-ß directly modulates the function of immune cells. We 
here analyzed the effects of IFN-ß treatment on immune functions in vivo in a group of 25 
RRMS patients that received IFN-ß (8 MIU) on alternate days. At baseline and at 1, 3 and 6 
months from the start of the treatment, parameters for differentiation and activation states of 
both monocytes and T lymphocytes were assessed. A transient increase was seen in plasma (p) 
interleukin (IL)-10 level whereas pIL-12 (p40) was not affected. A similar change was found 
in the ability of monocytes to secrete these cytokines in vitro. Notably, patients that in vitro 
readily respond to IFN-ß with enhanced IL-10 production had highest pIL-10 levels. 
Concerning T-cell differentiation, flowcytometric analysis of cytokine production showed that 
treatment with IFN-ß moderately decreased mean percentages of CD8pos T cells producing 
IL-2 and rFN-y and CD8neg T cells producing IL-4 (p<.05 for all cytokines), whereas a more 
significant decline was seen in mean percentage of CD8neg T cells producing IFN-y (p<.01). 
This resulted in a significant lower ratio THELPER(H)1 vs. THELPER(H)2 type cells in the CD8pos 

T-cell subset (p<.05), but not in the CD8ncg T-cell subset. Finally, IFN-ß treatment resulted in 
an initial rise in mean percentage of CD95pos T cells and in a gradual increase in mean level of 
soluble CD95 (sCD95) in plasma (p<.01). Additional in vitro studies showed that IFN-ß 
indeed rapidly (within 24 hours) upregulates CD95 expression on both primed and unprimed 
T cells and augments the release of sCD95 in culture supernatants. 

Thus, we confirm here that IFN-ß treatment leads to similar changes in cytokine 
production of T cells and monocytes as previously described in vitro. Enhanced IL-10 
secretion may downmodulate cytokine secretion by activated T cells and in this way dampen 
newly-induced and/or ongoing immune responses. In addition, we identified a novel effect of 
IFN-ß treatment, i.e. induction of CD95 expression. The augmentation of CD95 expression 
may directly interfere with T-cell selection, notably of autoaggressive T cells. Future studies 
are needed to show whether this increased CD95 expression indeed leads to increased 
apoptosis of immune cells. 

Introduction 
Based upon the concept that immunological processes play a major role in the pathogenesis of 
multiple sclerosis (MS) an array of immunomodulating drugs have been tested in clinical 
trials over the past years. Although most of these were only marginally successful24, a few 
years ago it was published that recombinant IFN-ß (rIFN-ß) has a beneficial effect on the 
disease course of RRMS patients12,21,27. Patients receiving rlFN-ßlb had significantly fewer 
relapses, a lower Magnetic Resonance Imaging (MRI)-detected burden of disease, and a 
marked decrease in gadolinium-enhanced lesions, as compared with placebo-treated patients. 
These results were confirmed to a large extent after five years of treatment . Similar results 
were obtained with rlFN-ßla and, in addition, patients in this study showed a significant 
decrease in the time to sustained disability progression . 

Because viral infections were presumed to be involved in the etiology and/or 
pathogenesis of MS25,35, the rationale for the application of IFN-ß was initially based upon the 
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anti-viral capacities of this cytokine . However, IFN-ß, together with IFN-a classified as a 
type I interferon, also has immunomodulatory effects (for a review see ). It has been 
demonstrated in vitro that IFN-ß significantly enhances secretion of the immunomodulatory 
cytokine IL-10 by human monocytes as well as by T cells and also induction of IL-10 
mRNA by IFN-ß has been documented . Importantly, shortly after injection of IFN-ß in 
patients as well as in healthy controls elevated levels of IL-10 can be found in plasma3'1 . 
Although in man IL-10 is produced by a variety of cells including THI and TH2 type T-cells, a 
major function of this cytokine appears to be the downregulation of helper-1 type 
cytokines ' . The enhanced secretion of IL-10 by IFN-ß is of particular interest in view of the 
hypothesis that activation of THI type cells and/or an insufficient counterbalance by TH2 type 
cells plays a disease promoting role in the pathogenesis of MS and many other autoimmune 
j - 5,6,17,18 

diseases 

Table I. Demographic and baseline characteristics of patients. 

variable 

sex (female/male) 21/4 

age in years 37.4 ±7.6 

disease duration in years 6.7 ±5.1 

number of clinical relapses previous 2 years 3 (2-6) 

EDSS3 at inclusion2 4.0(1.5-6.0) 

last methylprednisolone before inclusion in months 9.7 (2.4-40.9) 

mean ± SD 
median (range) 

3 EDSS: Expanded Disability Status Scale 

In this study we set out to document the in vivo effects of IFN-ß treatment on markers 
for differentiation and activation of immune cells. We show that IFN-ß induces a transient 
increase in pIL-10 and a decrease in cytokine secreting T cells, most notably of IFN-y 
secreting cells. Unexpectedly, IFN-ß induced enhanced expression of both membrane and 
soluble CD95. The potential relevance of these findings for the mode of action of IFN-ß will 
be discussed. 

Methods 
Study design 
An open trial was carried out with 25 MS patients at the Department of Neurology, Free 
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University Hospital, Amsterdam, The Netherlands. All patients had to fulfill the following 
inclusion criteria: RR disease type, more than 2 exacerbations in the 2 years before the start of 
the treatment, mild to moderate handicap (EDSS (Expanded Disability Status Scale) 6 or 
lower at the start of the treatment), above 17 years of age. Demographic and baseline 
characteristics are given in table I. 

Treatment consisted of a self-administered subcutaneous injection of 8 million 
international units (8 MIU) recombinant interferon-ßlb (Betaferon, Schering AG, Berlin, 
Germany) on alternate days for 6 months. Blood was taken at fixed time-points: before 
treatment (baseline), and after 1, 3 and 6 months. At all of these visits an EDSS score was 
obtained. At month 1 and at month 3 data from 24 patients were obtained. At month 6 data 
from 21 patients were obtained. Ten patients were treated 1 till 4 times for relapses with 
methylprednisolone during the study period. Because these patients did not show major 
differences in immune parameters compared to patients not treated with methylprednisolone, 
no further attention has been given to this subject. 

Reagents 
Monoclonal antibodies (mAb) directed against CD2 (CLB-T11.1/1, CLB-T11.1/2 and Hik27) 
and CD28 (CLB-CD28/1) were generated at the Central Laboratory of the Netherlands Red 
Cross Blood Transfusion Service. PerCP-labelled CD3 mAb, CD4 mAb and CD8 mAb, 
phycoerythrin(PE)-labeled CD69 mAb, IgGl control mAb, interferon (EFN)-y, interleukin 
(IL)-4, and interleukin (IL)-2 mAb were purchased from Becton Dickinson 
(Immunocytometry Systems, San Jose, CA). PE-labeled CD45RA mAb (2H4-RD1) was 
obtained from Coulter Clone (Hialeah, FL). FJTC-labeled CD95 (Fas) mAb was purchased 
from Immunotech S.A. (Marseille, France). PMA (CMC Cancer Research, Katonah, NY) and 
ionomycine (Calbiochem, La Jolla, CA) were prepared as stock solutions in DMSO, stored at 
-20 °C and diluted properly before use. 

Blood samples and cell separation 
At each visit venous blood was collected in evacuated blood collection tubes (Vacutainer, 
Becton Dickinson, Meylan, France) containing sodium heparin (143 USP Units). The samples 
were kept at room temperature and processed within 24 hr. Plasma was frozen at -20°C. 

Peripheral blood mononuclear cells (PBMC) were isolated from heparinized blood by 
Ficoll-Isopaque density gradient centrifugation, and cryopreserved immediately. To exclude 
interassay variability, samples from all timepoints from each individual patient were analyzed 
in one experiment. Viability of the cells was over 95 %, as indicated by trypan-blue exclusion. 

Cytokine levels in vivo 
Interleukin(JL)-10 levels in plasma were measured by ELISA (CLB, Amsterdam). IL-12 p40 
was determined in an enzyme-linked immunosorbent assay (ELISA) as previously 
described23. IL-12 p70 was measured in an ELISA as described1 , identical to the IL-12 p40 
ELISA, but now using p70-specific mAb 20C2 as a coating antibody (kindly provided by Dr 
M. Gately, Hofmann La Roche, Nutley, NJ). 
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Monokine secretion in vitro 
Whole blood cultures were performed as described before23. In short, blood was diluted 1:10 
in IMDM, supplemented with 0.1 % FCS, antibiotics, and 50 IU/ml sodium heparin. 
Monocytes were stimulated either with or without 100 pg/ml lipo-oligosaccharide (LOS) or 
with 0.1 % Staphylococccus Aureus (Cowan strain) (SAC). Supernatants were harvested after 
24 hours and frozen at -20°C. IL-12 p40, IL-12 p70 and IL-10 secretion was measured in 
specific ELISA as described above. 

In vitro cytokine secretion by PBMC 
PBMC (25x10 cells/ml) were cultured in IMDM, supplemented with 10 % fetal calf serum 
(FCS), penicillin, streptomycin and ß-mercaptoethanol, in a final volume of 200 (J, and 
stimulated in triplicate cultures with a triplet of CD2 mAb (CLB-T11.1/1, CLB-T11.2/1 and 
Hik27; all 5 uj/ml) in the presence of CD28 mAb CLB-CD28/1 (5 |xg/ml)26 in flat-bottom 
microtiter plates (Greiner, Langenthal, Switzerland). Cells cultured without stimuli served as 
negative controls. To measure sensitivity of patients to EFN-ß before initiation of treatment, 
these cultures were also performed in the presence of IFN-ß (1-1,000 U/ml) . 

Cytokine secretion by PBMC was measured in culture supernatants in the presence or 
absence of IFN-ß (1-1,000 U/ml). IL-4, IFN-y and IL-10 were measured after 72 hours of 
culture in specific ELISA (CLB, Amsterdam). 

From at total of 21 patients data were obtained on pre-treatment in vitro IL-10 
secretion. To test whether pBLlO levels are correlated with the ability of PBMC to respond to 
IFN-ß in vitro, patients were subdivided into a low responder group (n=ll) and a high 
responder group (n=10) based on their IL-10 secretion in standard cultures in the presence of 
IFN-ß. High responders are arbitrary defined as individuals who produce 50% of the 
maximally-induced IL-10 (1000 U/ml IFN-ß) at an IFN-ß dose below 10U/ml; low responders 
are arbitrary defined as individuals who produce 50% of the maximally-induced IL-10 (1000 
U/ml IFN-ß) at an IFN-ß dose above 10U/ml. 

Flow cytometric measurement of intracellular cytokine production 
Measurement of intracellular cytokine production was performed as previously described ' . 
Briefly, 0.5x10 cells/ml were stimulated for 4 h with PMA (1 ng/ml) and ionomycine (1 (j,M) 
in the presence of the protein-secretion inhibitor monensin (1 uM). All subsequent steps were 
performed at 4°C. After cell surface staining with CD8-PerCP and CD95(Fas)-FnC, cells 
were washed twice with PBS and fixated with PBS/4% paraformaldehyde (5 min). Fixation 
was followed by permeabilization with PBS/0.1% saponin (Sigma)/10% human pooled serum 
(10 min). For all subsequent washing and incubation steps PBS/0.1% saponin/0.5% BS A was 
used. Cytoplasm was stained with PE-labeled cytokine mAb (IFN-y, IL-4, IL-2, all 5 u.g/ml) 
(20 min). Analysis was performed as described for the measurement of membrane markers. 

Soluble CD95 levels in plasma 
Levels of soluble CD95 in plasma were measured by ELISA as described before . All steps 
were performed at room temperature. Microtiter plates (Nunc-Immuno plate Maxisorp 
surface, Nunc. Denmark) were coated with 100 .̂1/well CLB-CD95/2 (2 jig/ml) in 0.1 M 
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NaHC03/Na2C03 buffer (pH=9.6) overnight. Coated plates were washed 5 times with 100 
(0,1/well of phosphate buffered saline (PBS) containing 0.02 % Tween-20 (PBST). Samples 
and standards were diluted in high performance ELISA (HPE) buffer (CLB, Amsterdam, The 
Netherlands) and 100 u.1 of each sample dilution was added to the plate. To each sample 
dilution 10 u,l of a 10 u.g/ml solution of biotin-coupled CLB-CD95/6 was added and the plate 
was incubated for 2 hours. After 5 washes with 100 u,l/well PBST 100 u.1 of streptavidine-
polyHRP (CLB, Amsterdam, The Netherlands) diluted 1:10,000 in PBS containing 2 % whole 
milk was incubated for 30 minutes. The plates were washed 5 times with 100 uJ/well PBST, 
and developed with 100 u.1 substrate solution (0.1 mg/ml 3,5,3 ,5 -tetramethylbenzidine, 
Merck, Darmstadt, Germany), containing 0.003 % H2O2 in 0.11 M NaAc (pH=5.5) for 10 
minutes. The enzyme reaction was stopped with 100 u.1 2 M H2SO4. Plates were read at 450 
nm in a Titertek Multiskan reader (Labsystems Multiskan Multisoft, Helsinki, Finland). 

In vitro effects of IFN-ß on CD95 expression 
PBMC (5x10 cells/ml) from two healthy donors were cultured in IMDM, supplemented with 
10 % fetal calf serum (FCS), penicillin, streptomycin and ß-mercaptoethanol, in a final 
volume of 1 ml. IFN-ß was simultaneously added in a concentration of 1 U/ml. Cells cultured 
without stimuli served as negative controls. Cells were harvested after 16 hours and stained 
for CD4, CD45RA and CD95. Analysis was performed as described for the measurement of 
membrane markers. 

Statistical analysis 
Treatment effects after 1 month were evaluated by Student's T-test, or by Wilcoxon 
Signed-ranks test in case of non-normally distributed variables. P-values are depicted as p(3). 
Repeated measurements MANOVA with age as a covariate was used to evaluate long-term 
treatment effects. P-values indicating linear and parabolic trends are depicted as p(l) and p(2) 
respectively. Log transformation was used in case variables were non-normally distributed. 
The use of in vitro assays for the prediction of a patient's response to therapy was analyzed by 
repeated measurements MANOVA. Differences between groups at baseline was analyzed by 
Mann-Whitney U test. We considered p-values <.05 to be statistically significant. 

Results 
IFN-ß induces a transient increase in IL-10 in vivo as well as in vitro but does not affect 
in vivo levels of IL-12(p40). 
We and others ' ' have previously shown that IFN-ß augments production of IL-10 in vitro. 
This is in agreement with in vivo findings, as treatment with IFN-ß resulted in a rise in the 
mean pIL-10 level after one month (Fig. 1; p<.05, Wilcoxon). After the first month mean 
EL-10 levels returned to levels comparable to baseline values. In most plasma samples the p70 
dimer of IL-12, the bioactive form of the THI associated cytokine, was not detectable, so this 
parameter could not be evaluated. In contrast, significant amounts of IL-12 (p40) were 
measured in plasma (Fig. 1), but no changes were found as a result of treatment. 
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Figure I. Levels of IL-10 and IL-12 in plasma. Data 

are given as mean concentration ± SEM. No 

significant trend was seen in mean level of IL-12 

(p40) in plasma during six months of treatment with 

IFN-ß. Mean level of pIL-10 increased from 7.1 ± 1.5 

pg/ml at baseline to 16.7 ± 6.7 pg/ml at month 1 

(p<.05). At month 6 mean level of pIL-10 had 

returned to 6.3 ± 2.8 pg/ml. *(3) p<.05 compared to 

baseline (Wilcoxon) 

.(2) 
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Figure 2. In vitro IL-10 secretion as a predictor of 

plasma IL-10 levels upon treatment with IFN-ß. Data 

are given as mean level of pIL-10 ± SEM. From a 

total of 21 patients data were obtained on in vitro IL

IO secretion. They were subdivided in a high-

responder (n=10) and a low-responder group (n=ll) 

as described in the results. At baseline a significant 

difference was seen in mean level of pIL-10 between 

the two groups (high- vs. low-responders 11.8 ± 2.8 

pg/ml vs. 2.7 ±1.6 pg/ml p<.01, Mann-Whitney U). 

After one month there was a significant increase in 

mean level of pIL-10 in the high responder group 

(33.5 ±18.6 pg/ml at month 1; p<.05), but not in the 

low responder group (6.1 ± 3.3 pg/ml at month 1). 

Mean level of pIL-10 in the high responder group 

decreased to 4.3 ± 3.3 pg/ml at month 6. *(2) p<.05 

parabolic trend (MANOVA) 

To test whether the effects on cytokine levels in vivo were associated with the capacity 
of PBMC to secrete these particular cytokines in vitro, we first stimulated monocytes for 24 
hours with either LOS or SAC in a whole blood culture system, and measured monokines in 
culture supernatant. IL-10 secretion in vitro showed approximately a similar pattern as was 
seen for levels of this cytokine in vivo. Upon stimulation with LOS, a significant increase in 
mean IL-10 secretion was seen initially (Table n, p<.05, MANOVA), which was followed by 
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Table II. In vitro monokine secretion (whole blood culture). 

baseline month 1 month 3 month 6 p(l) p(2) p(3) 

IL-101 58.0 ±8.53 84.8 ±10.9 86.0 ±14.2 48.8 ± 8.4 n.s. <.05 <.05 

IL-12(p40)' 437.9 ±66.7 582.7 ± 68.8 635.1 ±81.3 566.1 ±63.3 n.s. n.s. n.s. 

IL-12(p70)2 4.9 ±1.2 5.3 ±1.6 3.6 + 0.7 7.0 ±2.0 n.s. n.s. n.s. 

upon stimulation with LOS (100 pg/ml) 
upon stimulation with SAC (0.1 %) 
values are given as mean pg/ml ± SEM 

a decrease after 6 months of treatment. In contrast, no effects of treatment with IFN-ß were 
found on levels of IL-12 (p40) upon stimulation with LOS. Low levels of EL-12 (p70) could 
be detected in culture supernatant upon stimulation with SAC, but also no effects were seen as 
a result of treatment with IFN-ß. No treatment-induced changes were seen in the ability of T 
cells to secrete IL-10 after polyclonal stimulation in vitro (data not shown). 

There was a clear difference between the high-responder group and the low-responder 
group (as described in the methods) in the pattern of IL-10 levels in plasma (Fig. 2). Although 
there is substantial interindividual variation, mean level of IL-10 in plasma in the high-
responder group was increased after one month as compared with the low-responder group 
(p<.05, MANOVA). 

Percentages of IFN-y, IL-4 and IL-2 producing T cells are diminished upon IFN-ß 
treatment 
Since the balance between THI and TH2 type T cells might play a role in the disease process in 
MS, we measured percentages of CD8neg (i.e. CD4pos) and CD8pos cells positive for IFN-y 
(type 1), IL-4 (type 2) or IL-2 (both type 1 and 2). Within the CD8neg subset a clear decline 
was observed in the percentage of T cells producing the THI type cytokine IFN-y over the 
whole treatment period (Table ma, p<.01, MANOVA). Remarkably, although less apparent, 
the same trend was seen for CD8neg T cells producing the TH2 type cytokine IL-4 (p<.05). As a 
result, the ratio TH1 vs. TH2 type CD8neg T cells was not significantly affected (Fig. 3). 

Within the CD8pos T-cell subset similar results were found for IFN-y (Table mb, 
p<.05), but since the mean percentage of IL-4 producing cells did not change, this led to a 
moderate decrease in the TH1/TH2 ratio over the whole treatment period (Fig. 3, p<.05). 
Furthermore, while T cells producing IL-2 were not significantly affected in the CD8neg subset 
(Table ma), in the CD8pos subset a decline was seen in mean percentage T cells producing this 
cytokine (Table mb; p<.05), which was most prominent in the first phase of the treatment. 
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Table Ilia. Changes in percentages of cytokine producing cells within the CD8neg subset, 

baseline month 1 month 3 month 6 p( 1 ) 

IFN-y 13.8 ± 1.3 11.9 ±1.0 13.1 ±1.1 10.6 ±0.9 <.01 

IL-4 2.7 ±0.3 2.6 ±0.2 2.7 ± 0.2 2.2 ±0.2 <.05 

IL-2 30.5 ± 2.0 28.1 ±1.9 30.4 ± 1.8 27.1 ±2.4 n.s. 

values are given as mean percentage of CDS"^ cells ± SEM 

Table Illb. Changes in percentages of cytokine producing cells within the CD8pos subset. 

baseline month 1 month 3 month 6 p(l) 

IFN-y 28.2 ± 3.I1 24.8 ± 2.6 25.6 ± 2.3 22.9 ± 2.5 <.05 

IL-4 2.6 ± 0.5 2.9 ± 0.7 3.0 ±0.6 2.5 ± 0.5 n.s. 

IL-2 15.1 + 1.7 15.1 ±2.6 14.5 ± 1.6 12.9 ±1.7 <.05 

1 values are given as mean percentage of CDS'"5 cells ± SEM 

IFN-ß induces a decrease in CD69pos peripheral blood T cells but an increase in CD95pos 

peripheral blood T cells and in levels of soluble CD95 in plasma 
We investigated whether IFN-ß influences, next to T-cell differentiation, also the state of 
activation of peripheral blood T cells. We first measured expression of the very early 
activation marker CD69. Fig. 4A shows that the percentage of CD69pos cells within the CD3pos 

T-cell subset is reduced upon treatment with IFN-ß (p<.05, MANOVA). Secondly, we 
analyzed 'primed' versus \inprimed' T cells by measuring expression of CD95, which is 
rapidly upregulated upon T-cell activation28. Double-colour immunofluorescence analysis 
revealed that patients showed both in the CD8pos (Fig. 4A, p<.05) and in the CD8neg T-cell 
subset higher percentages of CD95pos T cells upon treatment with IFN-ß, although in the latter 
subset this effect was transient (p<.05). Interestingly, the increase in the percentage of 
CD95pos T cells was accompanied by a significant gradual increase in levels of soluble CD95 
(Fig. 4B, p<.01). This was most prominent in the last five months of the treatment period. The 
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increase in percentage of CD95 expressing T cells did not show a statistical significant 
correlation with sCD95 in plasma. 

month 
Figure 3. TH1/TH2 (IFN-yiL-4) ratios in both CD8"eg and CDg1*" T-cell subsets. 
Data are given as mean ratio ± SEM. Treatment had no effect on the TH1/TH2 
ratio in the CD8nes T-cell subset, but a linear decline was seen in TH1/TH2 ratio 
in the CDS'"5 T-cell subset (16.2 ± 2.9 at baseline till 14.4 ± 3.2 at month 6; 
p<.05). *(1) p<.05 linear decrease (MANOVA) 

The increase in the percentage of CD95pos T cells could either be due to an alteration 
in the redistribution of "unprimed" versus "primed" from the secondary lymphoid tissues and 
solid organs to the peripheral blood or to a direct effect of IFN-ß on CD95 expression. To 
address this latter possibility, T cells from healthy donors were stimulated in vitro with graded 
amounts of EFN-ß in the absence or presence of polyclonal activators (CD2 mAb). As can be 
seen in figure 5, already low dose IFN-ß (1 IU/ml) induced a marked upregulation of CD95 on 
"unprimed" (CD45RApos) T cells, regardless of whether these cells had been stimulated in 
vitro or not Although the majority (>95 %) of the "primed" (CD45RAneg) T-cell subset is 
already positive for CD95, still an increase was seen in mean expression of CD95 upon 
addition of IFN-ß. Concomitant with increased membrane expression, BFN-ß increased the 
release of sCD95 in culture supernatants of stimulated cells (data not shown). 

Discussion 
Treatment with DFN-ß has been shown to have beneficial effects on the disease course of 

relapsing-remitting MS patients 12,27,30 For several reasons it is important to study the 
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F/gure 4. CD69 and CD95 expression on peripheral blood T cells and levels of soluble CD95 in plasma. A. 

Data are given as mean percentage of CD95 expressing cells either within the CD8"eg T-cell subset or within 

the CDS'"5 T-cell subset (± SEM), or as mean percentage of CD69 expressing cells within the CDS'"' T cell 

subset (± SEM). Treatment resulted in a transient increase in CD95 expressing cells within the CD8"eg T-cell 

subset (41.6 ± 2.8 % at baseline vs. 45.2 ± 2.9 % at month 1; p<.05), and a linear increase within the CDS'"5 T-

cell subset (43.2 ± 4.0 % at baseline vs. 45.5 ± 4.2 % at month 6; p<.05). A linear decline was seen in mean 

percentage of CD69 expressing cells within the CD3pos T cell subset (7.8 ± 2.1 % at baseline vs. 4.0 ± 0.9 % 

at month 6; p<.05). B. Treatment with IFN-ß resulted in a highly significant linear increase in mean level of 

soluble CD95 in plasma (498 ± 47 pg/ml at baseline vs. 773 ± 86 pg/ml at month 6; p<.01). *(1) p<.05 linear 

trend (MANOVA), *(2) p<.05 parabolic trend (MANOVA), **(1) p<.01 linear increase (MANOVA) 

underlying mechanisms of action of this treatment. First, it would provide insight into the 
pathophysiological processes underlying RRMS. Second, although IFN-ß is a promising drug 
that delays disease progression, it is no cure for the disease and more refined therapies need to 
be designed which may expand on the positive effects of IFN-ß. Thus far in only a few studies 

o i n if\ ~\i 

in vivo effects of IFN-ß have been investigated ' ' . Here we choose an open label design 
to analyze the effects of IFN-ß on the immune system of patients undergoing treatment with 
this drug. 

Cytokine levels in plasma of IFN-ß treated patients were measured to analyze whether 
treatment with IFN-ß resulted in changes in parameters of immune activation in vivo. In our 
study no evidence was found that IFN-ß might have an effect on the in vivo secretion of either 
the p40 chain or the p70 heterodimer of IL-12. For the latter no definite conclusions can be 
made, because p70 was not detected in plasma, and was also secreted in very low amounts in 
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vitro in whole blood culture. Results from our study and that of others ' show that 
production of the immunosuppressive cytokine IL-10 is enhanced by IFN-ß treatment. 
However, we do not know which cells are the major source. Although we here show that 
monocytes ex vivo are affected by IFN-ß, we can not exclude the possibility that also T cells 
produce more EL-10 in treated patients, because in contrast to the experiments with 
monocytes, in assays where cytokine secretion was measured after T-cell stimulation, IFN-ß 
was washed out from the cultures. 
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Figure 5. IFN-ß in vitro enhances expression of CD95 on both CD45RApos and 
CD45ROpos CD4pos T cells. Data are shown of one representative experiment with 
PBMC of a healthy donor. Without stimulation the percentage of OXS*01 

CD45RApos T cells increased from 6 (A) to 74 (B) in the presence of 1 U/ml IFN-ß 
(in the same experimental conditions mean fluorescence intensity of CD95 on 
CD45RAneg T cells increased from 43 to 59). When cells were stimulated with 
CD2 mAb the percentage of CDgS1"5 T cells within the 0 0 4 5 1 ^ * subset 
increased from 61 (C) to 95 (D) (mean fluorescence intensity of CD95 on 
CD45RA"eg T cells increased from 69 to 80). 

In general, effects of IFN-ß on BL-10 secretion seem to have a transient character. Two 
distinct phenomena might be at play here. First, in earlier studies it was found that IFN-ß as 
well as IL-10 levels in vivo in treated patients rapidly decrease (within days and even within 
several hours) after injection of IFN-ß14'16. Since blood was drawn at varying timepoints after 
IFN-ß injection, this may indeed explain interindividual changes in IL-10 levels in plasma 
observed in our study. In addition, this transient effect might point towards a direct effect of 
IFN-ß on IL-10 transcription rather than to a change in cellular differentiation. The second 
phenomenon we observe is that IL-10 plasma levels and enhanced secretion by monocytes in 
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vitro decline after one month. Interestingly, although we find a down-modulation of THI 
responses, also this effect is transient in a similar fashion. It could be that the system becomes 
'adapted' to the addition of IFN-ß possibly through the induction of counteracting 
mechanisms. An important counteracting mechanism that occurs in a considerable number of 
patients treated with IFN-ß, and which might diminish therapeutic effects, is the formation of 
neutralizing antibodies . However, this can not fully explain our findings, because in most 
cases antibodies only develop after 6 months of treatment . Nevertheless, whatever the nature 
of the counteracting mechanism may be, it could be an interesting option be to consider 
building in a drug-free period to optimize efficacy of the treatment. 

Our observation that treatment with IFN-ß results in enhanced expression of CD95 in 
vivo, both at the membrane level and in soluble form, leads to some points of discussion. 
Upregulation at the membrane level is most likely caused by an effect of IFN-ß on CD95 
mRNA expression . Consequently, an increase in deletion of activated immune cells would 
possibly occur ' . Our data on diminished expression of CD69 on T cells indeed would lend 
support for this hypothesis. Furthermore, also other, non-immune cells may show increased 
sensitivity to CD95L mediated apoptosis. This may partly explain the fact that no correlation 
was found between levels of sCD95 and percentages of circulating CD95pos T cells, because 
CD95 may also be produced by other cells after treatment with IFN-ß. Another explanation, 
which does not exclude the former, could be that interindividual variation in production and 
clearance of CD95 may exist. 

It is conceivable that upregulation of IL-10 and downmodulation of T-cell cytokine 
production in vivo are causally related. Indeed, in vitro experiments have shown that IL-10 is 
at least partially involved in downregulation of IFN-y production by IFN-ß . The same may 
hold for the diminished expression of CD69. On the other hand, upregulation of IL-10 and 
CD95 expression may be independent phenomena both associated with direct or indirect 
effects of IFN-ß on transcription cq stabilization of the respective messengers. Comparison of 
clinical scores, MRI data and immunological parameters in future studies will show which 
laboratory parameters correlate best with clinical efficacy of IFN-ß. It will be important to 
know whether this will confirm our findings on the correlation between in vitro responses to 
IFN-ß with in vivo reactions (pIL-10), and whether consequently laboratory protocols may be 
designed to select individuals that will benefit most from this type of treatment. 
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Abstract 

CD4po' TH1T cells are considered to play a central role in a 
number of human autoimmune diseases such as rheumatoid 
arthritis (RA) and multiple sclerosis. Experimental treat
ment protocols aimed at selectively eliminating CDV™ T cells 
thus far have yielded disappointing clinical results. Here we 
analyzed phenotype and function of circulating T cells in 
multiple sclerosis patients treated with the chimeric CD4 
mAb CM-T412 in a randomized, double-blind, placebo-con
trolled, magnetic resonance imaging-monitored phase II trial. 
Treatment resulted in a long-lasting depletion of CD41*" 
T cells but did not affect CD&°* T cell numbers. Analysis of 
CD41*" subpopulations showed that unprimed, CD45RApoV 
RO™* lymphocytes were approximately three times more 
sensitive to the mAb than primed, CD45RAnc'/R0',<" T cells. 
Notably, within the CD45RA''™ subset, T cells with pheno-
typic evidence of prior activation, i.e., expressing Fas, were 
relatively insensitive to CM-T412, compared with Fas""8 cells. 
Remarkably, while a decrease in the number of IL-4-pro-
ducing T helper 2 (TH2>type cells in the anti-CD4 treated 
group was observed, numbers of IFN--y-producing T helper 
I (THl)-type cells remained stable, resulting in a significant 
increase in the TH1/TH2 ratio. Our data show that treat
ment with depleting CD4 mAb does not eliminate the cells 
most strongly involved in the disease process, i.e., primed, 
IFN--y-producing THl-type cells, and may therefore give 
an explanation for the lack of beneficial clinical effects of 
depleting CD4 mAb in human chronic autoimmune disease. 
(J. Clin. Invest. 1997. 99:2225-2231.) Key words: CD4 anti
bodies, monoclonal • autoimmune diseases therapy • multi
ple sclerosis • T lymphocyte subsets • Thl cells 

Introduction 

CD4p"s T cells, which recognize peptide fragments that are pre
sented in the groove of major histocompatibility complex class 
II molecules (1), orchestrate cellular and humoral immune re-

Address correspondence to Dr. R.A.W. van Lier, Dept. of Clinical 
Viro-Immunology, Central Laboratory of The Netherlands Red 
Cross Blood Transfusion Service, Plesmanlaan 125,1066 CX Amster
dam, The Netherlands. Phone: 31-20-512-3317; FAX: 31-20-512-3310. 

Received for publication 26 December 1996 and accepted in re
vised form 19 February 1997. 

J. Clin. Invest. 
© The American Society for Clinical Investigation, Inc. 
0021-9738/97/05/2225/07 $2.00 
Volume 99, Number 9, May 1997,2225-2231 

actions through the secretion of immunoregulatory cytokines 
and via cell-cell contact (2,3). Based on cytokine production ca
pacity, distinct types of differentiated helper (H) CD4pos T cells 
are identified (4). Typically, THl-type cells secrete IFN^y and 
TNF-a and are involved in cell-mediated immunity, whereas 
TH2-type cells secrete IL-4 and IL-5 and exert their primary 
function in humoral immune reactions (5, 6). Normally, a bal
ance exists between these two helper T cell subsets, which is in 
a considerable degree maintained by cross-regulatory mecha
nisms. IL-4 downregulates development of THl-type cells, and 
vice versa IFN--y suppresses the TH2-type response (7). Au
toimmune diseases are believed to be dependent on activation 
of THl-type cells which is not sufficiently counterbalanced by 
TH2-type cells (8, 9). Indeed, a number of experimental ani
mal models have shown that (auto)antigen reactive CD4pos 

THl-type cells are of crucial importance for disease induction 
and disease progression (10-12). In accordance with this no
tion, in vivo depletion of CD4pos T cells interferes with disease 
induction in experimental allergic encephalomyelitis (13-16), 
adjuvant arthritis (17), collagen-induced arthritis (18), experi
mental autoimmune glomerulonephritis (19), experimental 
antiphospholipid syndrome, and systemic lupus erythemato
sus (20). 

Also in human autoimmune diseases a pivotal role for 
CD4T™ T cells has been postulated (21, 22) and experimental 
trials aimed at specifically attacking these cells with depleting 
CD4 mAb have been initiated. Although in open studies more 
or less promising results have been obtained with CD4 mAb 
treatment of rheumatoid arthritis (RA) (23-25), systemic lu
pus erythematosus (26), Crohn's disease (26a), and multiple 
sclerosis (MS)1 patients (27-29), in double-blind, placebo-con
trolled, phase II trials with RA patients the efficacy appeared 
to be absent or very low (30, 31). Recently, absence of thera
peutic effect was also documented in a randomized, double-
blind, placebo-controlled, magnetic resonance imaging (MRI)-
monitored phase II trial in which MS patients were treated 
with the chimeric CD4 mAb cM-T412 (32). As was also shown 
in earlier studies (28, 29), in this trial, a significant and long-
lasting depletion of CTM1** T cells was found in CD4 mAb-
treated patients. However, no effect could be demonstrated on 
the primary measure of efficacy, the number of active lesions 
on monthly gadolinium enhanced MRI over 9 mo. 

To examine the cause for therapeutic ineffectiveness of de
pleting CD4 mAb in humans, we here analyzed consequences 
of CD4 mAb treatment on phenotypical and functional char
acteristics of circulating T cells in MS patients. Our data show 

1. Abbreviations used in this paper: MRI, magnetic resonance imag
ing; MS, multiple sclerosis; PE, phycoerythrin. 
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that the absence of therapeutic success coincides with a spe
cific inability of the antibody to delete primed, IFN^y-produc-
ing T cells. 

Methods 

Study design. Detailed information on the design of the trial is de
scribed elsewhere (32, 33). In summary, a randomized, double-blind, 
placebo-controlled exploratory phase II trial of the CD4 antibody 
CM-T412 was set up using a parallel groups design. As primary mea
sure of treatment efficacy, the cumulative number of active lesions 
seen on monthly brain MRI, performed over 9 mo from the start of 
the treatment, after baseline correction, was used. 

Patients. Analyses were carried out on 28 patients treated at the 
Department of Neurology, Free University Hospital (Amsterdam, 
The Netherlands), who formed a subgroup of patients from a larger 
multi-center study. After randomization 13 patients received placebo, 
and 15 received CD4 mAb treatment. Demographic and baseline 
characteristics are given in Table I. In contrast to what was seen in the 
total group of patients (32), patients in both treatment arms in this 
study were also comparable with respect to relapse rate in the year 
preceding inclusion (mean number±SD of clinical relapses in the 
previous year in the placebo vs. CD4 mAb group: 1.8±1.3 vs. 1.5±1.1, 
p = 0.49), and with respect to the total number of active lesions at 
baseline (median number of active MR lesions at inclusion in the pla
cebo vs. CD4 mAb group 0 vs. 1, P = 0.15). 

Reagents. mAbs directed against CD2 (CLB-Tll.1/1, CLB-T11.1/2, 
and Hik27), CD28 (CLB-CD28/1), CD8 (FITC-Iabeled CLB-T8/4), 
and CD14 (FITC-labeled, CLB-mon/1) were generated at the Central 
Laboratory of The Netherlands Red Cross Blood Transfusion Ser
vice. PerCP-Iabeled CD3, CD4, and CD8 mAb, phycoerythrin (PE)-
labeled CD4 mAb, and FITC-labeled CD3 mAb were purchased from 
Becton Dickinson Immunocytometry Systems (San Jose, CA). PE-
labeled CD45RA mAb (2H4-RD1) was obtained from Coulter Corp. 
(Miami, FL). FITC-labeled CD45R0 mAb (UCHL-1) and bioti-
nylated IgGl control mAb were from Dako (Glostrup, Denmark), 
and FITC-labeled CD95 (Fas) mAb was purchased from Immuno-
tech S.A. (Marseille, France). Streptavidin-PE was obtained from 
Molecular Probes (Leiden, The Netherlands). Biotinylated aIFN-y 

Table I. Demographic and Baseline Characteristics of Patients 
in Both Treatment Arms 

Variable Placebo Anti-CD4 P value 

Sex 
Female 9 6 
Male 4 9 0.13 

Disease type 

Relapsing remitting 8 7 
Secondary progressive 5 8 0.44 

Age(yr)* 36.6±8.5 33.7±6.8 0.34 
Disease duration (yr)* 5.8±7.1 3.2±3.0 0.23 
Number of clinical relapses previous year* 1.8±1.3 1.5±L1 0.49 

EDSS' progression previous year* 1.0 1.5 0.33 
EDSS at inclusion" 5.5 5.5 0.85 
CD4 cell numbers/mm1 at inclusion* 985±300 810±237 0.10 
Presence of active MR lesions at inclusion 

Present 4 9 
Absent 9 6 0.13 

Number of active MR lesions at inclusion* 0 1 0.15 

*Mean±SD; *EDSS, Expanded Disability Status Scale; 'median; 
'inclusion: month 0. 

mAb was purchased from Dr. P. van der Meide (Biomedical Primate 
Research Centre, Ryswyk, The Netherlands) and biotinylated alL-4 
mAb was kindly provided by Dr. T.C.T.M. van der Pouw-Kraan (Cen
tral Laboratory of The Netherlands Red Cross Blood Transfusion Ser
vice, Amsterdam, The Netherlands). 

PMA (CMC Cancer Research, Katonah, NY) and ionomycin (Cal-
biochem, La Jolla, CA) were prepared as stock solutions in DMSO, 
stored at -20°C and diluted properly before use. 

Blood samples and cell separation. At each visit venous blood 
was collected in evacuated blood collection tubes (Vacutainer, Bec
ton Dickinson, Meylan, France) containing sodium heparin (143 USP 
units). The samples were kept at room temperature and processed 
within 24 h. 

PBMC were isolated from heparinized blood by Ficoll-Isopaque 
density gradient centrifugation and were cryopreserved immediately. 
To minimize interassay variability, samples from all time points from 
individual patients were analyzed in one experiment. Viability of the 
cells was > 95%, as indicated by trypan blue exclusion. 

Standard culture technique. PBMC (25 X 10s cells/ml) were cul
tured in IMDM, supplemented with 10% FCS, penicillin, streptomy
cin, and ß-mercaptoethanol, in a final volume of 200 p.1, and stimu
lated in triplicate cultures with a triplet of CD2 mAb (CLB-Tll.1/1, 
CLB-T11.2/1, and Hik27; all 5 u.g/ml) in the presence of CD28 mAb 
CLB-CD28/1 (5 p-g/ml) (34) in flat-bottom microliter plates (Greiner, 
Langenthal, Switzerland). Cells cultured without stimuli served as 
negative controls. 

The proliferative response (cpm) was measured after 4 d of cul
ture by means of incorporation of pHJthymidine. 0.4 mG/well of 
pHJthymidine (200 mCi/mmol; Amersham, Buckinghamshire, United 
Kingdom) was added 24 h before harvesting. 

Membranephenotyping. PBMC were washed twice with PBS 
supplemented with 0.5% BSA and Na-azide (5 u.g/ml). Immunofluo
rescence staining was performed by incubation of PBMC with satu
rating amounts of combinations of PerCP-, FITC-, and PE-labeled 
mAb in PBS/BSA. Stained cells were washed twice and 104 viable 
lymphocytes were analyzed using a fluorescence activated cell sorter 
(FACS®; Becton Dickinson, Sunnyvale, CA). Results are given as the 
absolute number of cells per mm' blood. For the different T cell sub
sets these numbers were calculated using the total number of either 
CDS'"» or CD4'"M T cells per mm1 blood. 

Flow cytometric measurement of intracellular cytokine produc
tion. Measurement of cytokine production was performed as previ
ously described (35, 36). Briefly, 0.5 x 106 cells/ml were stimulated 
for 4 h with PMA (1 ng/ml) and ionomycin (1 |xM) in the presence of 
the protein-secretion inhibitor monensin (1 p.M). All subsequent 
steps were performed at 4°C. After cell surface staining with CD3-
FITC, cells were washed twice with PBS and fixated with PBS/4% 
paraformaldehyde (5 min). Fixation was followed by permeabiliza-
tion with PBS/0.1% saponin (Sigma)/10% human pooled serum (10 
min). For all subsequent washing and incubation steps, PBS/0.1% sa
ponin/0.5% BSA was used. Staining of the cytoplasm with bioti
nylated cytokine mAb (IL^4, IFN--y; both 5 u.g/ml) was followed by 
incubation with streptavidin-PE (20 min). Analysis was performed as 
described for the measurement of membrane markers. 

Statistical analysis. Differences between groups at baseline were 
analyzed using Student's t test, Wilcoxon's test, or x2 test. Repeated 
measurements MANOVA with age as a covariate was used to evalu
ate treatment effects. We considered P values < 0.05 to be statisti
cally significant. 

Results 
CD4 mAb cM-T412 induces a long-lasting specific depletion of 
CD"P"" 7'cells. Treatment with the CD4 mAb resulted in a 
significant reduction in absolute numbers of circulating 0 0 3 ^ 
T cells (Fig. 1 a, P = 0.004). Within the total C D ^ T cell pop
ulation the mAb induced a significant and progressive decline 
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CD4pos T cell numbers remained low. 18 mo after cessation of 
treatment CD4P°S T cell numbers were still reduced to ~ 39% 
of the pretreatment level. CD8 numbers showed a slight in
crease in the CD4 mAb-treated group (to 128% of the pre
treatment level at month 18, Fig. 1 c), but this was not signifi
cantly different from the placebo-treated group. 

Because monocytes also express the CD4 antigen, albeit at 
lower levels than T cells, we investigated whether these cells 
were affected by treatment with the CD4 antibody. However, 
at none of the time points were differences seen between the 
CD4 mAb-treated group and the placebo-treated group in the 
number of monocytes per mm3 blood (data not shown). 

CD4 mAb treatment does not affect T cell reactivity in a 
quantitative fashion. In HIV-1 infection numeric depletion of 
the CD4pos T cell compartment coincides with a diminished 
ability of T cells to proliferate in vitro (37, 38). To investigate 
whether treatment with CD4 mAb had a similar effect on T 
cell reactivity, T cell proliferation in vitro was analyzed. These 
assays were performed in standard cultures, using isolated 
PBMC, under optimal stimulation conditions, in order to mea
sure the response per standard amount of PBMC (39). There 
were no differences in proliferative capacity of circulating T 
cells between the two groups as a result of treatment (Fig. 2). 
Therefore, we conclude that CD4 mAb treatment does not af
fect reactivity of the remaining circulating T cells in a quantita
tive way. 

Distinct sensitivities ofunprimed and primed CD4P'" T cells 
for depleting CD4 mAb. Next, to more precisely define the 
target cells of the CD4 mAb we investigated if different sub
sets of CD4p,,s T cells are equally affected by CD4 mAb treat
ment. Triple-color immunofluorescence analysis revealed that 
in placebo-treated patients, numbers of unprimed CD4pos 

CD45RAP°VR0neß and primed CD4POSCD45RAB«!*/ROP01 T cells 
(40) remained constant during the study period (Fig. 3 a). At 
baseline the CD4 mAb-treated group had relatively more un
primed than primed circulating CD^' 5 T cells (Fig. 3 b; NS). 

Standard culture 

Figure 1. Depletion of CD4pos T cells in peripheral blood of CD4 
mAb-treated MS patients. Mean numbers (±SD) of T cells per mm3 

blood are given for the placebo-treated group (n = 13; open circles) 
and the CD4 mAb-treated group (n = 15; closed triangles), (a) Mean 
CD3 numbers in the CD4 mAb-treated group are decreased to 
~53% of the baseline level at month 4, and to 68% at month 18. The 
difference with the placebo-treated group is statistically significant. 
(b) A significant decline in CD4po* T cell numbers in the CD4 mAb-
treated group in comparison with the placebo-treated group. At 
month 4 mean CD4pos T cell numbers are decreased to ~ 30% of the 
baseline level. Strikingly, at month 18, long after termination of treat
ment, mean CD4[™ T cell numbers are still reduced to ~ 39% of the 
pretreatment level, (c) CDS'"* T cell numbers are not affected by the 
treatment. 

in CD4pos T cell numbers which was most prominent until 
month 4 (to 30% of the pretreatment level, Fig. 1 b, P < 
0.001), at which time point CD4 mAb treatment for the major
ity of the patients was interrupted or discontinued (32). A re
markable finding was that, long after termination of treatment, 

Month 

Figure 2. Mean proliferative capacity of circulating T cells in stan
dard cultures (per standard amount of PBMC) is not decreased in the 
CD4 mAb-treated group {closed triangles) and is not different from 
that of the placebo-treated group (open circles). T cells were stimu
lated with a triplet of CD2 mAb in combination with CD28 mAb. 
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Figure 3. Preferential deletion 
of unprimed CD4f™ T cells 
while primed CD4P™ T cells are 
relatively resistant. Numbers of 
both CD4i~CD45RAi"/R0"> 
(open squares) and 
CD4i~!CD45RA"«/R0'" 
(closed diamonds) T cells re
main relatively stable in the pla
cebo-treated group (a), while in 
the CD4 mAb-treated group (b) 
CD4'"CD45RAI™/R0™! are 
more depleted than 
CD4P"CD45RA~«/R0p™ T 
cells. Differences between 
groups were significant for both 
parameters (CD41-CD45RAI""/ 
R0-» T cells: P < 0.001. 
CD4r"CD45RA"'«/R0'"" T cells: 
P = 0.002). Within the 
CD4^,a,CD45RA',0' subset no 
changes were found in both 
Fasne8 (open triangles) and Fas'™ 
(closed squares) T cells in the 
placebo-treated group (c). In the 
CD4 mAb-treated group a far 
more vigorous depletion of 
CD4P"CD45RAr»*Fas"'» J cells 
occurs as compared with the 
CD4r»CD45RATasi '» T cells 
(d). Differences between 
groups were significant for 
CD4i"»CD45RAi""Fas"'> T cells 
(P = 0.002), but not for 
CD4'OTCD45R A T a s i - T cells. 

Remarkably, although absolute numbers of both subsets de
clined as a result of CD4 mAb treatment, the decline was 
much more pronounced in the CD4P°'CD45RA'X»/R0ne8 subset 
(at month 4 to 18% of the pretreatment level, P < 0.001) as 
compared with the CD4i™CD45RAn,s/R0e<» subset (at month 
4 to 59% of the pretreatment level, P = 0.002). As a conse
quence, the ratio CD45RAi"/CD45RA"'« CD4POS T cells was 
reversed, which remained so until the end of the study period. 
After termination of treatment, numbers of both CD45RApo' 
and CD45RA™« CD4i"" T cells increased in parallel. 

When unprimed, naive CD4P™ T cells are activated, the Fas 
antigen is rapidly upregulated (41). Consequently, a further 
subdivision can be made within the CD4P°SCD45RAP<,S/R0n"; 

subset based on Fas expression. Fas™8 cells may be regarded 
as truly naive CD4P<" T cells, whereas Fas-expressing T cells 
are likely to have been recently activated in vivo. This type of 
analysis showed that CD4 mAb treatment resulted in a sharp 
decline in the number of CD4ru'CD45RA'K"Fasne« T cells (Fig. 
3 c, P = 0.002), while the decline in the number of CD4J"" 
CD45RA1*" Fas'"' T cells was much less pronounced (Fig. 3 
d, NS). 

IFN-y-producing T cells are not affected by CD4 mAb 
treatment. Secretion of TH1 and TH2 cytokines, a qualitative 
feature of T cell function, is largely restricted to the primed 
CD4r"s T cell subset (36, 42). Since, as we have already men
tioned, autoimmune diseases are believed to be dependent on 
the activation of IFN--y-producing THl-type cells, we investi
gated, taking into account the above documented relatively 

low sensitivity of primed T cells to therapy, whether CD4 mAb 
treatment would differentially affect TH1- and TH2-type cells. 
For this we measured absolute numbers of IFN'y- and IL-4-
producing T cells using flow cytometry (35, 36). IFN'r- and 
IL-4-producing T cells remained constant in the placebo group 
over time (Fig. 4, a and b). Numbers of IL-4-producing CDS*" 
T cells showed an almost 50% decline in the CD4 mAb-
treated group (Fig. 4 b, NS), which is comparable with the de
cline seen in the CD4r°!CD45RA"s/R0i>"! T cells. Remarkably, 
however, numbers of IFN-y-producing CD31*" T cells re
mained relatively stable over time in the CD4 mAb-treated 
group (Fig. 4 a, NS). As a result, treatment with CD4 mAb re
sulted in a significant increase in the TH1/TH2 ratio (Fig. 4 c, 
P = 0.035). 

Discussion 
Analysis of the T cell compartment in MS patients treated with 
the chimeric monoclonal antibody cM-T412 shows that the 
CD4 mAb induces a long-lasting selective depletion of the cir
culating CD4T" compartment (Fig. 1 and reference 32). Re-
population studies in mice and in patients undergoing inten
sive chemotherapy (43, 44) have shown that CD4pos T cell 
repopulation is inversely correlated with age, and that rapid 
reconstitution of this pool requires residual thymic function. 
Because even young adults already have relative deficiencies 
in this thymus-dependent pathway, it is therefore not surpris-
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Figure 4. CD3I"» T cells producing the THl-type cytokine IFN-f (a) 
are not affected by CD4 mAb treatment, while there is a decline in 
the number of CD31™ T cells producing the TH2-type cytokine IL-4 
(b). Results are expressed as the mean number of CDS1"* T cells pro
ducing either of the two cytokines. Open circles represent the pla
cebo-treated group and closed triangles represent the CD4 mAb-
treated group. For both parameters the difference between the two 
groups is not significant. The ratio of THl/TH2-type cells is increased 
after CD4 mAb treatment (P = 0.035). 

ing to find that the CD4i™* T cell depletion lasted so long in our 
ant i -CD4-treated group. Fur thermore, the fact that reconstitu
tion of C D 4 P < " C D 4 5 R 0 P ™ T cells occurs in parallel with that of 
the CD4i~sCD45RAP°*/R0"'!8 T cells is in concordance with the 
notion that C D 4 P ° S T cell recovery mainly consist of the ap
pearance of C D 4 P O , C D 4 5 R A P O ' / R 0 " ' : 8 T cells in the circulation 
(44), and favors the hypothesis that the majority of the circu
lating CD4p™CD45R0po* T cells are generated by priming of 

CD4>~CD45RAPo,/R0"'!« T cells, rather than from the division 
of CD4i~CD45R0P™ T cells. 

The blind homeostasis model predicts that in a given indi
vidual a constant number of circulating CDS1** lymphocytes is 
maintained irrespective of CD4p o s or CDS^0* phenotype (45, 
46) and implies that in case of CD4p o s T cell loss, such as in 
HIV-1 infection, both CD4P01 and CD8<»' T cells will be pro
duced in increasing amounts until the CD?** T cell steady 
state is restored. Because of the effect of HIV-1 on CD4po>, but 
not on CDS"* T cells, this would then result in C D » " 1 T cell 
lymphocytosis in the circulation. However, the data from the 
CD4 mAb- t rea ted patients in this study show that although 
the loss in CD4p u s T cell numbers is pronounced, this is not 
compensated by an increase in CDS'™ T cell numbers, not 
even in the long term. Consequently, numbers of CD?™ T 
cells are significantly reduced after t reatment . It is likely that 
in HIV-1 infection other factors, such as continuous antigenic 
pressure and bystander activation through regulatory cyto
kines, contribute to the CDS*" lymphocytosis (47). Based on 
the data presented here we feel that the blind homeostasis 
model needs reconsideration. 

Our data demonstrate a differential sensitivity of unprimed 
CD45RAI"" versus p r imed CD45RA"' i8CD4i'™ T cells for 
depletion by the cM-T412 m A b . T h e fact that within the 
CD4p«CD45RAp o* subpopulation Fas"'8 T cells are more sen
sitive to t reatment than Fas'** T cells shows that the depletion 
is not simply related to expression of CD45RA, but that actu
ally CD4p o s T cells which have not yet been activated in vivo 
are most sensitive to the depleting effect of the m A b . Also 
within the CD4p o !CD45RAT O S T cell subset, a distinction in 
sensitivity for the CD4 m A b could be made on the basis of 
qualitative features of T cell function. While numbers of circu
lating T cells producing IFN^y were not affected, IL-4-producing 
T cells were selectively depleted. Therefore, t rea tment results 
in a relative increase in R0**,s TH1 cells in the peripheral blood. 

The mechanism of CD4>*" T cell depletion after t reatment 
with CD4 m A b is unclear and consequently the basis for the 
distinct sensitivities of T cell subpopulations to the CD4 m A b 
is hard to define. A role for Fas in the CD4 mAb- induced de
letion process has been suggested by the observation that mice 
lacking a functional Fas receptor do not show a decrease of 
CD4p u s T cells after t reatment with depleting CD4 m A b (48). 
In agreement with this, engagement of the CD4 molecule by 
CD4 m A b independent of the T cell antigen receptor leads to 
a small but rapid increase in cell surface Fas expression and 
Fas ant igen-dependent apoptosis of T cells (48, 49). Interest
ingly, when T cells are activated by C D 3 antibodies, either in 
vitro or in vivo, they become resistant to C D 4 mAb-med ia t ed 
deletion (50,51). A t first glance it seems paradoxical that acti
vation of T cells with CD3 m A b , which induces membrane ex
pression of Fas, renders them insensitive to a deletion process 
that involves Fas-mediated apoptosis. However, it should be 
noted that when unprimed T cells are activated with CD3 mAb, 
they are induced to express Fas but remain insensitive to Fas-
mediated cell death (52). These observations suggest that T 
cells can be rescued from CD4 mAb- induced Fas-mediated 
deletion by signals, generated via T C R / C D 3 , which normally 
protect antigen-stimulated T cells from apoptosis. If this no
tion is valid it could explain the finding that murine and human 
T cells with membrane characteristics of activation (including 
Fas expression) are relatively resistant to depleting CD4 m A b 
(43,53). 
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Treatment with the cM-T412 mAb did not have any effect 
on disease activity in our group of MS patients as measured by 
the number of active lesions on monthly gadolinium-enhanced 
MRI over 9 mo (32). Although phase I clinical trials seemed to 
be promising (24, 27-29) also in other chronic human autoim
mune diseases, little or no clinical effect of treatment with 
CD4 antibodies could be demonstrated in placebo-controlled 
phase II clinical trials (31,32,54). The absence of clinical bene
fit differs markedly from the encouraging results that have 
been obtained in experimental model systems for autoimmu
nity. An important point in the explanation for this discrep
ancy seems to be the timing of the administration of the CD4 
antibody in relation to the stage of the disease process. In most 
of the animal models where this kind of treatment is success
ful, the antibody was given during the period of disease induc
tion (13, 19, 55). In these models, development of disease is 
probably dependent on the recruitment of naive T cells upon 
antigenic stimulation. Therefore, it is conceivable that treat
ment is effective, considering the fact that naive cells are pref
erentially deleted by the antibody. In agreement with the re
cent observations in various patient groups, in animal models 
administration of CD4 mAb has been unsuccessful in the 
treatment of already established disease (18, 56-58). Appar
ently, ongoing immune responses in vivo are not effectively in
fluenced by the administration of depleting CD4 mAb. In 
agreement with this, our results show that depleting CD4 mAb 
does not affect the cell type most strongly implicated in the 
pathogenesis of human autoimmune disease, i.e., IFN-7-pro-
ducing THl-type cells. Future therapies for chronic inflamma
tory T cell-mediated diseases have to take into account that in
tervention in ongoing immune responses must be directed at 
the primed TH1 T cell subset. 
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Disease activity in MS patients is associated with an increase in TH1/TH2 ratio 

Abstract 
We analyzed the relation between markers of T-cell activation and differentiation and disease 
activity in multiple sclerosis (MS). In a group of 27 MS patients monthly magnetic resonance 
imaging (MR!) scans were performed for nine months, clinical disease activity was scored and 
blood was taken for analysis of immune parameters. Before a clinical disease exacerbation 
percentage of unprimed C D ^ 8 T cells in peripheral blood decreased, whereas the ratio 
THELPER(H)1 type interferon (IFN)-y vs. THELPER(H)2 type interleukin (IL)-4 cells showed an 
increase. On the other hand, the capacity of circulating T cells to produce tumor necrosis 
factor (TNF)-« and IL-10 did not change before the occurrence of a clinical relapse. No 
changes were found in any of the immune parameters in the two months after an exacerbation, 
nor was there a quantitative relation with the number of active lesions as measured by MRI 
techniques. 

Before the occurrence of one or more active MRI lesions the percentage of unprimed 
CD4p0S T cells declined and vice versa the percentage primed CD4pos T cells increased, and 
the TH1/TH2 ratio modestly increased. Again, neither TNF-CC nor IL-10 secretion was related 
to the presence of an active lesion. Our results show that although immunological changes do 
not have a quantitative relationship with the number of active lesions, disease activity both 
determined by patient examination and by MRI techniques is preceded by a relative increase 
of circulating primed IFN-y producing CD4pos T cells. 

Introduction 
Evidence has accumulated that in multiple sclerosis (MS) the disease process is mediated by 
inflammatory events in the central nervous system (CNS). Activated CD4pos T cells, which 
have a central role in immunoregulation, are abundantly present in the CNS ' and seem to 
be involved in lesion extension . Moreover, there are indications that accumulation of primed 
T cells in the brain during active disease is mirrored by depletion of unprimed T cells in the 

, .. 21,23.30,32 

circulation 
More recently, a vast array of studies have focused on immunoregulatory disturbances 

caused by aberrant cytokine production in MS (for reviews see ' ). After priming CD4pos T 
helper (H) cells can differentiate in several directions, which can be characterized by distinct 
cytokine secretion patterns2 . A distinction can be made between cytokines with pro
inflammatory properties like IFN-y, TNF-ß and TNF-a, produced by THI cells, and cytokines 
with anti-inflammatory properties like IL-4 and IL-10, produced by TH2 cells ' . In 
agreement with many other autoimmune diseases, MS is believed to be dependent on 
activation of THI type cells which is not sufficiently counterbalanced by TH2 type cells ' . In 
line with this, evidence also exists that TNF-a promotes disease progression in MS ' ' ' , 
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while IL-10 might attenuate the disease process ' . 

Table I. Demographic and baseline characteristics of patients in both treatment arms. 

variable 

sex female 16 

male 14 

disease tvpe relapsing remitting 17 

secondary progressive 13 

age in vears 35.2 ±7.5 

EDSS (baseline1)* 5.0(3.0-7.0)" 

active MRI lesions (baseline) 1.6 ±2.7 

active MRI lesions (cumulative) 199 

relapses (cumulative) 27 

steroid interventions (cumulative") 19 

disease duration in vears 4.2 ±5.2 

mean ± SD 
* EDSS: Expanded Disability Status Scale 
8 median (minimum-maximum) 

baseline: month 0 

MS can manifest itself in different ways, but particularly in the early phases patients 
experience frequent relapses, followed by periods in which the disease follows a more or less 
stable pattern. Periods of enhanced disease activity have been found to be associated with 
enhanced levels or secretion of pro-inflammatory cytokines ' ' ' , while in stable phases 
anti-inflammatory cytokines predominate6,16'22. However, the relevance of many studies is 
hampered by their cross-sectional design. In addition, mostly clinical parameters of disease 
activity have been used, while presently the availability of MRI techniques has led to more 
sensitive markers of disease activity both clinically and subclinically. 

Here, we investigated whether changes in immune parameters are related in time to the 
appearance of clinical exacerbations, and to the occurrence of active lesions detected by MRI. 
Furthermore, we tested whether there is a quantitative relation between the number of active 
lesions detected by MRI and the extent of immune disturbances. 

Methods 
Patients 
Analyses were carried out on patients enrolled in Amsterdam at the Department of Neurology, 
Free University Hospital, The Netherlands, in a multi-centre, randomized, double-blind, 
placebo-controlled exploratory phase II trial of the CD4 mAb cM-T412. Detailed information 
on the design and the efficacy analysis of the trial are described elsewhere ' . From a total of 
30 patients 15 patients received CD4 mAb treatment, and 15 placebo, 2 of whom discontinued 
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the study after 1 month and were not included in the analysis. Patient characteristics are given 
in table I. 

Clinical and MRI examinations 
Details on clinical and MRI examinations have been described elsewhere . Briefly, frequency 
of relapses and methylprednisolone interventions were recorded monthly for nine months. 
Clinical examination (expressed in an EDSS score) and MRI were performed one month 
before and immediately prior to the start of the treatment (baseline), and were repeated at 
monthly intervals for nine months. Active lesions were defined as lesions that showed new 
Gd-DTPA enhancement on Tl-weighted images, and as enlarging or new lesions on T2 
weighted images, which were not seen on Gd-DTPA enhanced Tl-weighted images. 

Reagents 
Monoclonal antibodies (mAb) directed against CD2 (CLB-T11.1/1, CLB-T 11.1/2 and Hik27), 
and CD28 (CLB-CD28/1) were generated at the CLB Blood Supply Foundation. PerCP-
labeled CD4 mAb and fluorescein isothiocyanate (FTTC)-labeled CD3 mAb were purchased 
from Becton Dickinson (Immunocytometry Systems, San Jose, CA). Phycoerythrin (PE)-
labeled CD45RA mAb (2H4-RD1) was obtained from Coulter Clone (Hialeah, FL). FITC-
labeled CD45R0 mAb (UCHL-1) and biotinylated IgGl control mAb were from Dako 
(Glostrup, Denmark). Biotinylated IFN-y mAb was purchased from Dr. P. van der Meide 
(TNO), and biotinylated IL-4 mAb was kindly provided by Dr. T.C.T.M. van der Pouw-Kraan 
(CLB, Amsterdam). Streptavidin-phycoerythrin (SA-PE) was obtained from Molecular Probes 
(Leiden, The Netherlands). 

PMA (CMC Cancer Research, Katonah, NY) and ionomycine (Calbiochem, La Jolla, 
CA) were prepared as stock solutions in DMSO, stored at -20 °C and diluted properly before 
use. 

Blood samples and cell separation 
At each visit venous blood was collected in evacuated blood collection tubes (Vacutainer, 
Becton Dickinson, Meylan, France) containing sodium heparin (143 USP Units). The samples 
were kept at room temperature and processed within 24 hr. 

Peripheral Wood mononuclear cells (PBMC) were isolated from heparinized blood by 
Ficoll-Isopaque density gradient centrifugation, and cryopreserved immediately. To minimize 
interassay variability, samples from all timepoints from individual patients were analyzed in 
one experiment. Viability of the cells was over 95 %, as indicated by trypan-blue exclusion. 
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In vitro secretion of TNF-a and IL-10 by PBMC 
PBMC (25x10 cells/ml) were cultured in MDM, supplemented with 10 % fetal calf serum 
(FCS), penicillin, streptomycin and ß-mercaptoethanol, in a final volume of 200 nl, and 
stimulated in triplicate cultures with a triplet of CD2 mAb (CLB-T11.1/1, CLB-T11.2/1 and 
Hik27; all 5 ^g/ml) in the presence of CD28 mAb CLB-CD28/1 (5 ^ig/rnl)17 in flat-bottom 
microtiter plates (Greiner, Langenthal, Switzerland). Cells cultured without stimuli served as 
negative controls. TNF-a and IL-10 were measured after 72 hours of culture in specific 
ELISA (CLB, Amsterdam). 

Membrane phenotyping 
PBMC were washed twice with phosphate buffered saline (PBS) supplemented with 0.5 % 
bovine serum albumin (BSA) and Na-azide (5 ug/ml). Immunofluorescence staining was 
performed by incubation of PBMC with saturating amounts of combinations of PerCP-, FTTC-
and PE-labelled mAb in PBS/BSA. Stained cells were washed twice and 104 viable 
lymphocytes were analyzed using a fluorescence activated cell sorter (FACS, Becton 
Dickinson, Sunnyvale, CA). 

Flow cytometric measurement of intracellular cytokine production 
Measurement of cytokine production was performed as previously described4'18. Briefly, 
0.5x10 cells/ml were stimulated for 4 h with PMA (1 ng/ml) and ionomycine (1 ^M) in the 
presence of the protein-secretion inhibitor monensin (1 u,M). All subsequent steps were 
performed at 4°C. After cell surface staining with CD3-FTTC cells were washed twice with 
PBS and fixated with PBS/4% paraformaldehyde (5 min). Fixation was followed by 
permeabilization with PBS/0.1% saponin (Sigma)/10% human pooled serum (10 min). For all 
subsequent washing and incubation steps PBS/0.1% saponin/0.5% BSA was used. Staining of 
the cytoplasm with biotinylated cytokine mAb (IL-4, IFN-y; both 5 (j.g/ml) was followed by 
incubation with streptavidin-PE (20 min). Analysis was performed as described for the 
measurement of membrane markers. 

Statistical analysis 
First, the distribution of the number of active lesions and immune parameters was related to 
clinical exacerbations. Analysis was performed on data from 2 months before until 2 months 
after a clinical exacerbation. Because several patients showed more than one clinical 
exacerbation during the study period, they can be included more than once in this analysis. 
Patients who had no relapses and one patient who had very frequent relapses (6 relapses in 9 
months) were excluded. When analyzing the difference in distribution between one month 
pre-exacerbation and the moment of an exacerbation, data were excluded where one 
exacerbation was preceded by another. A similar procedure was followed when data from two 
months before or from one and two months after an exacerbation were analyzed. Differences 
between various timepoints were analyzed using paired Student's T-test. Repeated 
measurements MANOVA with immune parameters as a covariate was used to analyze the 
relation of these parameters with changes in the number of active lesions in relation to 
exacerbations. Second, the distribution of immune parameters was related to the presence of 
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one or more active lesions as measured by MRI techniques. This analysis was performed on 
data from 2 months before until the month in which one or more active lesions were present. 
Similar to what was done for the first analysis, active lesions that were preceded by active 
lesions one and/or two months before were excluded from the analysis. The months after the 
presence of an active lesion were not analyzed. Analysis was done using Wilcoxon's signed-
ranks test and repeated measurements MANOVA. In parametric tests the number of active 
lesions was used after log transformation. Using these analyses no differences were seen 
between patients treated with CD4 mAb and patients treated with placebo. Therefore, data of 
both groups were used in the analysis. We considered p-values <.05 to be significant. 

Results 
Clinical disease exacerbation is preceded by a decrease in unprimed CD4pos T cells and 
an increase in TH1/TH2 ratio in peripheral blood 
In agreement with earlier reports15'1 we found an association between MRI activity and 
clinical disease exacerbation. As can be seen in figure 1 the number of active lesions tends to 
increase before a clinical exacerbation, but this trend is not significant. One month after an 
exacerbation the mean number of active lesions is significantly lower in comparison with the 
moment of exacerbation (mean ± SEM 1.0 ± 0.3 at month +1 vs. 2.1 ± 0.6 at month 0; p<.05). 

Figure I. Number of active lesions in relation to exacerbations. Data are given as 
mean number of active lesions (± SEM) from 2 months pre-exacerbation till two 
months post-exacerbation. At month 1 post-exacerbation mean number of active 
lesions is significantly lower as compared to exacerbation (p<.05; Mann-
Whitney-U) 

CD4posCD45RApos/R0neg are considered to be unprimed helper T cells, i.e. T cells that have 
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not yet been activated by antigen. When analyzing the distribution of these cells in relation to 
clinical disease exacerbation, we found that the percentage of these cells is decreased during 
an exacerbation (figure 2A, mean ± SEM 35.3 ± 3.0 at month -1 vs. 31.3 ± 3.2 at month 0; 
p<.05). Vice versa, the percentage of CD4posCD45RAneg/R0pos T cells tends to be increased 
during a clinical exacerbation, but this trend was not significant (not shown). No significant 
changes can be seen in either of the two subsets in the two months after an exacerbation. Also, 
no changes can be seen in unprimed and primed CD8pos T cell subsets and in monocytes in 
relation to an exacerbation (not shown). 

As changes in the balance between THI and TH2 cytokines, a qualitative feature of T-
cell function, largely restricted to the primed CD4pos T cell subset '13, are postulated to have a 
relation with changes in clinical disease activity, we measured percentages of IFN-v and IL-4 

4 18 

producing T cells using flowcytometry ' . Analysis of the distribution of these two subsets 
separately shows that although there is a slight increase in IFN-y producing T cells and a 
minimal decrease in IL-4 producing T cells (figure 2B), changes are not significant in relation 
to a clinical exacerbation. However, the ratio THI (IFN-y) vs. TH2 (IL-4) type T cells shows a 
significant increase in the two months before, and remains stable after an exacerbation (figure 
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Figure 2. Changes in T-cell subsets in relation to exacerbations. Data are given as mean percentages of T cells. 
Mean percentage of CD4posCD45RApos/R0ne8 T cells is decreased during exacerbation as compared to 1 month pre-
exacerbation (A) (p<.05; Mann-Whitney-U). A slight but not significant increase in mean percentage IFN-y 
producing T cells and a minimal decrease in mean percentage IL-4 producing T cells (B) results in a significant 
increase in TH1/TH2 ratio from 2 months pre-exacerbation till exacerbation (C) (p<.05; MANOVA). 

2C, mean ± SEM 6.7 ± 0.8 at month -2 vs. 8.7 ± 0.7 at month 0; p<.05 MANOVA). 
Neither secretion of the pro-inflammatory cytokine TNF-a by PBMC, often found to 
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be associated with the presence of a clinical exacerbation, nor secretion of the anti
inflammatory cytokine IL-10 was significantly related to clinical exacerbations (figure 3). 

Unprimed CD4pos T cells are decreased and primed CD4pos T cells are increased in 
peripheral blood at the time of an active MRI lesion 
No significant quantitative relation was found between immune parameters and the number of 
active lesions as measured by MRI (data not shown). To investigate whether immune 
parameters are related to the presence of lesions irrespective of their number, we related 
immune parameters with the presence of active lesions on MRI independent of the presence of 
a clinical disease exacerbation. Using this method we found that the percentage of primed 
CD4pos T cells, defined as CD45RAneg/R0pos T cells, shows a linear increase during the two 
months before the presence of an active lesion (figure 4; p<.05 MANOVA). Hence, although 
in absolute amounts the changes are not impressive (CD45RAneg/R0pos: mean ± SEM 46.1 ± 
3.8 at month -2 vs. 54.8 ± 3.8 at month 0), a consistent trend can be seen. Vice versa, the 
percentage of CD4posCD45RApos/R0neg T cells tends to decrease before the presence of an 
active lesion. The decrease in distribution of these cells is significant between month -2 and 
month -1 (figure 4: 28.8 ± 5.3 at month -2 vs. 27.6 ± 3.5 at month -1; p<05). 

0 

Month 
Figure 3. No significant changes in T-cell cytokine secretion patterns in relation 
to exacerbations. TNF-ot and IL-10 were measured in culture supernatants from 
circulating T cells stimulated with a triplet of CD2 mAb in combination with 
CD28 mAb. Data are given as mean ng/ml ± SEM. 

In comparison to what was found in the first analysis, no changes in the distribution of 
EFN-y and IL-4 producing T cells were found in relation to the presence of active lesions 
(figure 5A). However, in contrast to the first analysis, in the months before the presence of an 
active lesion no significant changes were seen in the ratio THI (IFN-y) vs. TH2 (IL-4) type T 
cells (not shown). Finally, neither secretion of TNF-a nor IL-10 appeared to be related to the 
presence of an active lesion (figure 5B). 
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Discussion 
In this longitudinal study significant changes in parameters of immune activation were found 
in association with either clinical disease activity and/or disease activity as measured by MRI. 
In relation to clinical exacerbations we found a significant decrease in percentage of 
circulating 'naive' CD4posCD45RApos/R0neg T cells, which is in agreement with earlier 
studies9'2 . Correlations with MRI findings were less clear, as was also found by others . In 
relation to exacerbations no influence of changes in the naive subset on the number of active 
lesions was found. However, the presence of an active lesion was preceded by a modest 
decrease in the percentage of 'naive' T cells, and vice versa a significant increase in the 
percentage of 'primed' CD4p0S T cells. This shows that the presence of active lesions is related 
to changes in T-cell subsets, but that these changes do not correlate in a quantitative fashion 
with the number of active lesions. Nevertheless, this is still in line with the hypothesis that 
enhanced disease activity coincides with activation of the immune system. 

In several studies it has been shown that expression of the pro-inflammatory cytokine 
TNF-oc is enhanced before a clinical exacerbation in MS. Some authors have concluded that 
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Figure 4. A decrease in 'naive' CD4pos T cells and vice versa an increase in 
'primed' CD4pos T cells before the presence of active lesions. Mean percentage 
of CD4posCD45RApos/R0ne6 T cells shows a decrease in the month before the 
presence of an active lesion (p<.05; MANOVA). Mean percentage of 
CD4posCD45RAn<:g/R0pos T cells shows an increase in the two months before the 
presence of an active lesion (p<.05; MANOVA). 

this cytokine might be useful as a predictor of disease activity , but this was not confirmed by 
others2. In our study no significant changes in TNF-a secretion were found neither in relation 
to clinical exacerbations nor in relation with MRI measures of disease activity. These 
contradicting data might be partly due to differences in the design of the studies, but could 
also result from differences in cell stimulation conditions. This is most clearly demonstrated 
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by the fact that in the same group of patients as used in our study enhanced secretion of 
TNF-a w a s observed in whole blood culture upon stimulation with PHAVLPS one month 
before a relapse . While in that study monocytes were most probably the main source of 
TNF-a, we here used a system in which T cells were specifically stimulated. In a previous 
report, levels of the anti-inflammatory cytokine IL-10 in serum were found to be lower in 
active phases of the disease as compared to stable phases of disease . However, we could not 
demonstrate any relationship between IL-10 secretion upon stimulation of T cells and disease 
activity. As IL-10 can be produced by monocytes as well as by T cells, the discrepancy in 
these findings might be due to differences in the cellular source. However, one can also 
speculate that the capacity to produce IL-10 does not so much change with different phases in 
disease activity, but instead might more or less determine the chance of a patient to develop an 
exacerbation or not. Therefore, we analyzed if there is a difference in baseline secretion of IL
IO between patients that had experienced a relapse during the study period and those that 
remained free of exacerbations. However, no difference was found between these two groups 
(data not shown). 

While the balance between THI and TH2 type cells has often been associated with 
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Figure 5. No changes in percentages of IFN-yand IL-4 producing T-cells, and secretion of TNF-a a nd IL-10 in 
relation to active lesions. Mean percentages of IFN-y and IL-4 producing T-cells (A) (± SEM). Mean secretion 
of TNF-a and IL-10 (± SEM) in culture supernatants from circulating T cells stimulated with a triplet of CD2 
mAb in combination with CD28 mAb (B). 

disease progression in MS, thus far no definite conclusions can be drawn from studies on the 
momentary relationship between parameters of disease activity and production of the typical 
THI and TH2 type cytokines, IFN-y and IL-4. While some investigators showed enhanced 

101 



Chapter 8 

production of IFN-y before a clinical relapse , others found no relation at all or even an 
inverse correlation between IFN-y and clinical disease activity . In our study, using FACS-
analysis, percentages of neither IFN-y nor BL-4 producing T cells did change during 
exacerbations, but when we expressed these values as a TH1/TH2 ratio (IFN-y vs. IL-4 
producing T cells) it appeared that during the two months before an exacerbation a shift 
occurred in the balance towards a more THl-like profile. TH1/TH2 ratio was not related to MRI 
parameters of disease activity. 

In conclusion, this study shows that in MS clinical disease activity is preceded by 
immune activation. Using MRI measures of disease activity similar findings were obtained, 
although in this case evidence was less convincing. The percentage of 'naive' T cells 
diminishes before an exacerbation occurs and also before an active lesion is present. 
Furthermore, we have demonstrated that during exacerbations T cells producing THI type 
cytokines predominate over T cells producing TH2 type cytokines, independent of the number 
of active lesions. Unfortunately, in our studies alterations in immune parameters are not as 
pronounced to speculate about potential implementation of these parameters as 'surrogate" 
markers for disease activity. A major problem is that the design of the study was not 
specifically aimed at analyzing the relationship between disease activity and immune 
parameters. Several factors might more or less 'obscure' our findings. For instance, it is 
conceivable that there is substantial physiological variation in the immune parameters used 
due to other factors not directly associated with the disease process. Several patients were 
treated, some more than once, with methylprednisolone, a strong immunomodulatory agent. In 
our study, however, no significant effect of this treatment was found on any of the immune 
parameters we evaluated (not shown). Based on our findings the immune system does not 
seem to play an important role in subclinical phases of the disease, but instead they seem to 
indicate that activated T cells or their products might be involved in the transition of 
subclinical disease activity to clinical disease activity. Another problem which has not been 
solved yet, is whether exacerbations are mediated by immunological changes in the CNS that 
might have their reflection in the periphery, or that immune activation starts in the peripheral 
lymph nodes followed by entrance of activated immune cells in the CNS via the circulation. 
Although definite conclusions can not be drawn, our results seem to be in favor of the latter. 
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Summary and general discussion 
Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system 
(CNS). Studies on the (etio)pathogenesis of MS have indicated that the disease might be 
mediated by autoaggressive immune cells that react with CNS antigens. As was already 
outlined in the introduction of this thesis, defining etiology and unraveling pathogenic 
mechanisms in human autoimmune disease has proven to be very difficult. In studying MS 
and other autoimmune diseases we have to consider that pathogenic mechanisms in the early 
stages of the disease and in established disease are not necessarily the same. For instance, it 
has been shown that (viral) infections trigger of exacerbations51, but this does not mean that 
these infectious agents are the cause of the disease. Whether the immune system in MS 
patients is primarily at fault is an issue that has not been resolved yet, but there is 
circumstantial evidence that MS patients have functional aberrations in their T-cell 
population, and it has been suggested that immunoregulatory changes might play a role in 
disease progression. 

In our studies, functional properties of peripheral blood T cells were analyzed in untreated and 
treated MS patients. The first aim of this thesis was to analyze whether MS patients differ 
from healthy donors in phenotype and function of circulating T cells and to find possible 
explanations for the differences found. The second aim of this thesis was to correlate 
parameters of disease activity with immune activity in patients treated in various experimental 
therapy protocols. Finally, we investigated whether in vitro immune parameters can be used in 
the selection of patients for specific treatments. 

In vivo immune activation and in vitro immune dysfunction: common features of MS? 

Activation of CD4pos T cells seems to play an important role in MS. More careful evaluation 
of studies on this subject leads to the conclusion that this may vary with the type of patient 
and/or with the stage of the disease. A decrease in the number and percentage of circulating 
'naive' CD4posCD45RAneg T cells60'76, and an increase in percentage of CD26 (Tal) 
expressing T cells seem to be more or less confined to patients with progressive disease. 
Indeed, using a heterogeneous group of MS patients we did not find significant changes in 
expression of markers of T-cell activation compared to normal controls (chapter 2). Results of 
some other case-control studies ' " show that especially patients in an active phase of the 
disease show signs of T-cell activation, thereby suggesting that at least some of these findings 
are related to the stage of the disease. Longitudinal studies have been performed to investigate 
the temporal relationship between disease activity and changes in parameters of T-cell 
activation. Unfortunately, these studies suffer from major methodological problems. 
Statistical analysis of results is often difficult or not possible at all due to the small number of 
patients used. Also, objectivity is not always guaranteed because of the use of clinical 
parameters of disease activity. More accurate and objective measurement of disease activity 
can now be achieved by the use of MRI techniques. Studies done so far suggest that enhanced 
disease activity defined by MRI is somehow related to parameters of T-cell activation38'74. In 
chapter 8 we describe a longitudinal study on MS patients enrolled in a clinical trial in which 
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the relationship between both clinical and MRI parameters of disease activity and various 
immunological parameters was evaluated. In agreement with the findings mentioned above, 
we found that the percentage of circulating unprimed CD4pos T cells declines before a clinical 
exacerbation and in the two months before the occurrence of an active MRI lesion. Our 
findings suggest that activation of immune cells could play a role in the transition from 
subclinical to clinical disease activity and are in favor of the hypothesis that activation of T 
cells in the peripheral lymph nodes is followed by the entrance of activated T cells in the 
CNS. 

Patients with diseases characterized by activation of the cellular immune system (i.e. 
viral infections, autoimmunity), show in vitro diminished proliferative responses of T cells to 
polyclonal stimulation (see also chapter 1). In MS it is not clear whether there are differences 
in these responses between different groups of patients. Diminished reactivity has been found 
in RRMS patients37, but also in CPMS patients . From our studies it arises that diminished T-
cell proliferative responses depend on the stimulation conditions used. Low responses were 
found in MS when circulating T cells were stimulated with CD2 antibodies63, a condition in 
which T-cell reactivity depends on the presence of accessory cells such as monocytes72. In line 
with this, our studies show that diminished T-cell responsiveness in MS patients only occurs 
in accessory cell dependent activation systems (chapter 2). Consequently, we investigated 
whether functional abnormalities exist in peripheral blood monocytes from MS patients. 
Earlier studies have indicated that monocytes from MS patients, especially in the active phase 
of the disease, were not able to stimulate responder cell proliferation either in allo-MLR or in 
auto-MLR . In addition it has been reported that HLA-DR expression on monocytes is 
decreased in patients with MS ' ' , but that this can be restored in vitro by the addition of 
EFN-y or LPS . Although in our studies no defects were found in accessory function of 
monocytes in T-cell proliferation assays (chapter 2), additional experiments revealed that the 
capacity of monocytes to produce IL-6, IL-10, and IL-12 in vitro is significantly lower in MS 
patients compared with healthy controls (chapter 3). Similar findings have been obtained in 
autoimmune diseases such as rheumatoid arthritis (van der Pouw Kraan, unpublished 
observations), and systemic lupus erythematosus . Because monocytes can also be activated 
by T cells or their products, as yet no definite answer can be given to the question whether 
monocytes from MS patients have an inherent defect or that functional disturbances are 
caused by T cells. 

Immunoregulatorv disturbances in MS 

A popular scenario concerning the immunopathogenesis of MS is the following: T cells 
specific for myelin antigens somehow become activated, most probably in the peripheral 
lymph nodes, migrate to the central nervous system, and mediate a local inflammatory process 
eventually resulting in damage to the myelin sheath. T cells specific for myelin antigens can 
not only be demonstrated in MS patients but also in healthy controls67,73,79. Apparently, these 
T cells have not been deleted in the thymus, but most of the time, due to either ignorance, 
peripheral clonal inactivation ('anergy') and/or active suppression, they do not cause 
pathology. Evidence exists that activated T cells are able to migrate into the CNS. This has 
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been demonstrated for instance by the fact that also in other (inflammatory) diseases of the 
central nervous system, and even in healthy controls, the majority of the cerebrospinal fluid T 
cells shows signs of previous activation6 "71. Hence, mere expression of activation markers 
does not necessarily mean that these T cells are involved in local inflammatory processes in 
the CNS. There is evidence that suppression mechanisms in the CNS could be responsible for 
the fact that these T cells normally do not cause damage 23'50. 

As has been discussed in the introduction of this thesis it is extremely difficult to get 
insight into the initiating events leading to MS. In EAE evidence has been provided that 
overexpression of THI vs. TH2 cytokines might play a role17. This, in combination with a 
locally insufficient production of anti-inflammatory cytokines such as TGF-ß, IL-4 or IL-10, 
might then lead to inflammatory processes in the brain. In humans it is far from clear whether 
these mechanisms might play a role in the initiation of the disease process. Proinflammatory 
cytokines have been detected in the CNS of MS patients6'27,45'64, but also anti-inflammatory 
cytokines can be found ' . Our studies provide indirect evidence for a disease-promoting role 
of THI type cells in ongoing disease. In chapter 7 immunological effects of treatment with the 
chimeric CD4 mAb cM-T412 are described in the context of a randomised, double-blind, 
placebo-controlled, Magnetic Resonance Imaging (MRI)-monitored Phase II trial. Although 
the mAb strongly reduced the number of circulating T cells, it had only a minimal effect on 
IFN-y secreting T cells. This effect coincided with the absence of an effect of this treatment on 
either clinical or MRI measures of disease activity22. In addition, treatment with 
pentoxifylline, (a phosphodiesterase inhibitor), which is probably only marginally effective in 
MS ' , did not result in significant changes in in vitro secretion of THI and TH2 type 
cytokines (chapter 4). Stronger evidence for a disease promoting role of THI cells could of 
course be provided by treatments that do have a significant effect on disease activity. Few 
years ago, beneficial effects have been reported on treatment of RRMS patients with the type I 
interferon EFN-ß24'40'3'7. Most human cells have receptors for EFN-ß49. Consequently, 
treatment with this cytokine has pleiotropic effects, and it seems difficult to determine which 
of these are responsible for the treatment effects. Results from both in vitro28'31'43 and in 
vivo ' studies seem to suggest that enhanced expression of the anti-inflammatory cytokine 
IL-10 and reduced expression of proinflammatory cytokines like IFN-y and TNF-a might 
explain (some of ) the treatment effects of IFN-ß. Our data on in vitro (chapter 5) and in vivo 
(chapter 6) effects of IFN-ß are to a large extent in agreement with the studies mentioned 
above, and in addition we show that enhanced expression of IL-10, that preferentially 
downregulates production of THI type cytokines, indeed coincides with a predominant 
decrease in the percentage of IFN-y producing T cells in the circulation (chapter 6). 

Our studies did not provide evidence for an important role of TNF-a in MS. Treatment 
with IFN-ß did not affect TNF-a secretion by PBMC (chapter 6), nor did we find an 
association between TNF-a secretion and changes in disease activity (chapter 8). In addition, 
anti-TNF-a therapy has not been very successful, as will be discussed later. In the acute EAE 
model it has been reported that TNF-a is not necessary for induction of disease18, and that it 
may even have anti-inflammatory potential in established EAE7. Whether this also applies to 
human disease remains to be seen. 

As mentioned above functional aberrations may also exist in antigen presenting cells. 
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IL-12 is a cytokine produced by APC that is known for its capacity to induce THI responses. 
Others found enhanced production of this cytokine in MS ' ' ' ' , but our studies (chapters 3 
and 6) did not provide evidence for an important role of IL-12 in ongoing disease. 

Another mechanism that could be involved in the pathogenesis of MS is activation-
induced cell death or apoptosis. Recently, it has been proposed that a genetically determined 
failure of activation-induced cell death of autoreactive T cells in the CNS might cause the 
disease . Although this seems to be an attractive hypothesis - some findings in MS can indeed 
be nicely explained by it - experimental evidence, especially for a causative role of a failure of 
activation-induced cell-death, has yet to be obtained. In a recent study a lower proportion of 
apoptotic cells, consisting of lymphocytes and monocytes, was found in CSF of MS patients 
as compared to patients with non-inflammatory neurological diseases . We have shown that 
CD95 (Fas) expression on circulating T cells might play a role in ongoing disease (chapter 6). 
It could be that the beneficial effect of IFN-ß is attributable to an enhanced expression of 
CD95 on autoaggressive T cells. Further studies are needed to find out whether this also 
makes these cells more sensitive to activation-induced cell-death. In addition, it would be 
interesting to know whether IFN-ß also effects expression of CD95 ligand on relevant cells in 
the CNS. 

The use of immunological parameters as markers for disease activity 
Based on the involvement of the immune system in MS, several attempts have been made to 
correlate changes in immunological parameters with changes in disease activity. One of the 
main goals of these studies is to identify immunological laboratory parameters that could be 
used as (surrogate) disease markers. Consequently, this would enable one to predict 
forthcoming relapses and would help physicians in arranging appropriate treatment protocols. 
Also it may increase our understanding of the disease dynamics in MS. As was already briefly 
mentioned above, most of the studies done so far on the relation between disease activity -
often defined as the absence or presence of clinical relapses - and immune parameters were 
cross-sectional. In addition, in longitudinal studies no accurate markers of disease were 
available. Nowadays MRI techniques are being used , that can measure disease activity more 
accurately and objectively, and have greatly improved our understanding of the disease 
process . Recently, in a review problems associated with correlating immunological markers 
and MRI markers of disease activity in MS have been discussed . The authors also stress the 
weak association of these markers with clinical disease progression as measured by EDSS 
score. 

Because MS primarily is a central nervous system disease, immune reactions in the 
brain might be expected to correlate best with the formation or enhancement of lesions. 
However, also here specific problems exist . Furthermore, for practical reasons it is more 
advantageous to look for markers in peripheral blood. Studies on the relationship between 
changes in circulating T-cell subsets and changes in disease activity have been discussed 
above. Although, as we have also described in chapter 8, there are indications that changes in 
some subsets are related to changes in disease activity, the correlation is not impressive, and 
therefore these parameters cannot be used as predictive markers. In other studies MRI activity 
was related to expression of soluble factors like adhesion molecules (soluble intercellular 
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adhesion molecule-1 (ICAM-1) and soluble vascular cell adhesion molecule-1 (VCAM-1))19, 
cytokines ' ' or cytokine receptors in the circulation. In most studies a positive, but weak 
association was found between proinflammatory markers and MRI activity. In contrast, in our 
studies the capacity of circulating T cells to secrete cytokines of either THI or TH2 phenotype 
did not show any relationship with the number of active lesions nor with clinical 
exacerbations (chapter 8). Using flowcytometric measurement of intracellular cytokines, that 
allows an enumeration of THI (WN-f°s) and TH2 (iL-^) subsets, we also failed to 
demonstrate a relation between production of proinflammatory cytokines and MRI measures 
of disease activity. Importantly, the ratio THI vs. TH2 type cells increased in the two months 
before a clinical relapse. However, due to the relatively small changes also this parameter is of 
little value as a predictive marker. One attempt has been made to assess the prognostic value 
of TNF-cx secretion by peripheral blood mononuclear cells12, but failed to find it. If, as we 
have hypothesized in chapter 8, peripheral T-cell activation precedes lesion formation and/or 
enhancement in the CNS, and we would be able to define a predictive T-cell activation 
marker, this would make treatment of relapses more feasible. 

Other possible applications of immunological markers are early diagnosis of MS, the 
selection of patients for specific treatment protocols and adjusting therapy regimens. 
Oligoclonal bands in CSF are being used in the diagnosis of MS, but are not specific for this 
disease . To our knowledge other markers have not been tested yet, and because this subject 
falls beyond the scope of this thesis, it will not be further discussed. Considering the fact that 
currently various types of treatment are available in MS, and that presumably not all (types of) 
patients will respond to these treatments, it would be very helpful if immunological laboratory 
markers could be used in the selection of patients for specific treatment protocols. A first 
attempt to find such a marker was made in chapter 6. Enhanced serum levels of IL-10 are an 
important effect of treatment with IFN-ß, and may well be indicative of clinical efficacy . 
Although we were not able to relate mitogen-induced IL-10 secretion in vitro directly to 
measures of disease activity, we did demonstrate that patients responding well in vitro to 
IFN-ß (measured by induction of EL-10 secretion) also had high levels of IL-10 in plasma. 
Future studies are warranted to get more insight into the relationship of these and other 
immunological parameters with clinical efficacy. 

Success and failure of rational approaches to immunotherapy in MS 

Immunological analysis of MS patients enrolled in various clinical trials probably is one of the 
main approaches, or even the only feasible approach as has been pointed out above, to get 
more insight into the disease process. From another point of view it may also be helpful in 
explaining why certain therapeutic protocols are successful while others are not. 

The development of most therapies in human autoimmune disease is based on 
experimental models, in case of MS on experimental autoimmune encephalomyelitis (EAE). 
The extrapolations from this animal model to human disease are, however, difficult. Thus, it is 
not surprising that therapeutic protocols in MS based on studies in EAE either did not work at 
all or even lead to aggravation of the disease. The classical example of the latter is IFN-y 
therapy. Although at this moment there is no experimental evidence for the discrepancy in 
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these results, it was hypothesized that a failure in activation-induced apoptosis in MS might 
play a role . 

Several attempts have been made to eliminate or counterattack the action of 
proinflammatory cytokines. Pentoxifylline, an inhibitor of the production of TNF-oc, 
prevented onset of disease in the rat EAE model , and has been shown to cause immune 
deviation towards a more THI type profile in rats. In agreement with studies of others it is 
demonstrated in chapter 4 in a pilot study that treatment with pentoxifylline did not lead to 
significant changes in TNF-oc secretion by PB MC, nor did influence the secretion of THI and 
TH2 type cytokines. In another study pentoxifylline diminished expression of THI type 
cytokines and enhanced expression of TH2 type cytokines in PBMC30. Nevertheless, clinical 
efficacy seems to be limited to the reduction of early side-effects of treatment with 
EFN-ß_ ' . Other anti-TNF-a therapies also have not been successful. Treatment of 
rheumatoid arthritis patients with monoclonal antibodies directed against TNF-oc showed 
promising results in phase II clinical trials , but worsening of disease was seen in two MS 
patients treated in open-label phase I trial with the same antibody . In addition, recent trials 
with linomide, which apart from its inhibiting effect on programmed cell death of peripheral 
blood T cells inhibits TNF-oc production , have also met with severe side-effects 
(unpublished results). 

Because CD4pos T cells are supposed to play a major role in MS, several therapies have 
been aimed at trying to eliminate or trying to interfere with the function of these cells. In pilot 
trials the former approach, using depleting CD4 mAb, looked promising, but in placebo-
controlled phase n trials no effect was seen on disease activity , a result which was also seen 
in other autoimmune diseases such as rheumatoid arthritis ' . In our opinion the results of the 
studies described in chapter 7 are an illustration of how immunological analysis can contribute 
to understanding therapeutic success or failure. These studies demonstrate that depleting CD4 
mAb preferentially delete circulating 'naive' CD4posCD45RApos T cells, while THI type 
'memory' cells remain relatively unaffected. In conclusion lack of clinical efficacy coincides 
with the observation that cells thought to be involved in the disease process are not 

77 78 R4 85 

eliminated. This type of treatment is principally also based on experimental models ' ' . 
As is discussed in chapter 7, we feel that the success of this type of treatment in animal 
models can be partly explained by the fact that treatment here often starts before the induction 
of disease, and therefore involves priming of 'naive' T cells that are affected by the treatment. 
This leads us to an important general point of consideration in the development of new 
therapies, namely that in the human situation we are dealing with already established disease. 
A similar line of reasoning can be applied to antigen-specific therapies, because while in 
animal models disease can be induced by a single antigen, due to epitope- and antigen-
spreading it is difficult to select appropriate antigens in human disease. However some of 
these therapies seem to be based on the induction of 'bystander suppressor cells' , and may 
involve enhanced secretion of anti-inflammatory cytokines like IL-4, EL-10 and TGF-ß ' . As 
will be discussed below, the latter is probably also an important mode of action of IFN-R. 

In the light of the results of therapies based on a rational approach described above it is 
striking that other therapies for which the rationale was less clearly defined have shown 
beneficial clinical effects. Certainly, a rationale exists for all novel therapies (reviewed in20), 
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but the examples of IFN-ß and copolymer-1 (Cop-1) show that the actual mode of action of a 
drug in vivo may tum out to be somewhat or even completely different. The application of 
IFN-ß was initially based on the antiviral capacities of this cytokine, but evidence is growing 
that in vivo effects may be caused by its influence on immunoregulation. In particular 
enhanced expression of the anti-inflammatory cytokine IL-10 (chapters 5 and 6) could be an 
important mode of action of this agent, although other mechanisms, e.g. an increase in 
activation induced cell-death of autoaggressive T cells (chapter 6), downregulation of MHC 
class n expression 39'54, inhibition of migration across the blood-brain barrier either through 
the decrease of very late antigen-4 (VLA-4) expression on peripheral blood lymphocytes ' 
or effects on endothelial cells25, or abrogation of the secretion of matrix degrading enzymes 
like matrix metalloproteinase (MMP)-9 . Some of these mechanisms actually might interact 
with each other10, but more importantly all of these findings suggest that IFN-ß acts by 
dampening the immune response. Cop-1 is a synthetic basic copolymer originally designed to 
mimic the activity of MBP in inducing EAE, but unexpectedly in several animal experiments 
it was found to suppress EAE 83. It has been suggested that Cop-1 is a competitive antagonist 
of MBP, PLP and MOG for binding to MHC class II molecules, but the exact mode of action 
is still unknown. Nevertheless, beneficial results have been obtained in the treatment of MS 
patients . 

In conclusion, our studies provide evidence for functional abnormalities in peripheral blood T 
cells. Several questions remain to be answered. Is this primarily a defect in the T-cell 
population or do APC play a role in this phenomenon? Do regulatory ('suppressive') T cells 
play a role? Are there differences between certain subtypes of MS? Do these disturbances 
have a relationship with disease activity? Is it so that we first have to get more insight into 
pathogenic mechanisms in MS (for instance by studying EAE) before we are able to develop 
new immunotherapies? 

To a certain extent it may be true that our knowledge of pathogenic mechanisms in MS 
is not sufficient for the development of new therapies, but our studies show that longitudinal 
analysis of immunological parameters in treated patients might increase our understanding of 
pathogenic mechanisms in ongoing disease. Although based on the poor results obtained with 
anti-CD4 therapy some have expressed their doubt as to whether T cells actually are important 
in MS and other autoimmune-like diseases, our data on IFN-ß therapy indicate that enhanced 
expression of anti-inflammatory cytokines in combination with downregulation of THI type 
cells and enhanced expression of CD95 on T cells, probably leading to an increase of 
activation-induced apoptosis of these cells, coincide with clinical efficacy. Future studies with 
larger patient groups and longer treatment periods, and also in vitro studies especially on the 
effects of IFN-ß on CD95 expression and sensitivity to apoptosis will hopefully give more 
insight into these mechanisms. The importance of the balance between THI and TH2 type cells 
was further substantiated by our finding that clinical relapse in MS is preceded by an increase 
in the balance between THI subsets and TH2 subsets. We have shown that changes in disease 
activity are related to changes in immunological parameters, but thus far no predictive 
markers have been found. The use of immunological laboratory parameters in the selection of 
patients for various treatment protocols and in the adjustment of treatment protocols is a 
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future perspective, and, although they are preliminary, our data on the relation between in 
vitro production of IL-10 and in vivo IL-10 levels in IFN-ß treated patients indicate that we 
may cherish optimistic thoughts about this. 
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Samenvatting 

Samenvatting 
Multipele Sclerose (MS) is een chronische ziekte van het centrale zenuwstelsel. Kenmerkend 
is de afbraak van myéline rondom de uitlopers van zenuwcellen in de hersenen en het 
ruggemerg ('demyelinisatie'), hetgeen resulteert in een verstoorde geleiding van elektrische 
signalen langs deze zenuwcel-uitlopers. Dit kan leiden tot neurologische klachten en tot 
verschijnselen als problemen met het zien en verlammingen. Tegenwoordig kunnen de 
plaatsen waar demyelinisatie optreedt zichtbaar worden gemaakt met geavanceerde technieken 
als kernspinresonantie-tomografie (magnetic resonance imaging, MRI), die daarmee een goed 
beeld kunnen geven van het klinisch en sub-klinisch ziektebeloop. 

De oorzaak van MS is nog steeds onbekend. Waarschijnlijk spelen zowel erfelijke als 
omgevingsfactoren een rol. Steeds duidelijker lijkt echter dat stoornissen in het 
afweersysteem, in het bijzonder in de zgn. CD4 positieve T helper cellen, behorend tot de 
witte bloed cellen, leiden tot afbraak van lichaamseigen eiwitten aanwezig in het myéline. In 
het eerste deel van onze studies is onderzocht of deze T cellen specifieke afwijkingen 
vertonen in het bloed van MS patiënten vergeleken met gezonde controles. Wij vonden geen 
abnormale verdeling van relevante subpopulaties T cellen, maar wel een verminderde functie 
in celkweeksystemen (hoofdstuk 2). Aangezien in deze laatste systemen T cellen afhankelijk 
zijn van de zgn. monocyten, een andere populatie witte bloed cellen, hebben wij vervolgens in 
hoofdstuk 3 onderzocht of er aanwijzingen zijn dat deze cellen in het bloed van MS patiënten 
een verstoorde functie hebben. Hoewel in celkweeksystemen de uitscheiding van bepaalde 
zgn. cytokinen (o.a. interleukine(IL)-12), oplosbare eiwitten die betrokken zijn bij de 
interactie tussen cellen, door monocyten verlaagd is in MS patiënten, bleek dat er geen 
verschillen zijn in de concentratie van deze cytokinen in het bloed van MS patiënten 
vergeleken met controlegroepen. 

In het tweede deel van onze studies is onderzocht wat de invloed is van experimentele 
immuuntherapie op immuunfuncties van MS patiënten, en wat de relatie is tussen 
ziekteactiviteit en immuunparameters. Nieuwe behandelingsmethoden op basis van 
dierexperimenteel onderzoek zijn tot nu toe zonder veel succes toegepast in MS. Zo is 
aangetoond dat behandeling van MS patiënten gericht op de eliminatie van de CD4 positieve 
T cellen geen effect heeft op klinische ziekteactiviteit en ziekteactiviteit gemeten m.b.v. MRI-
technieken. Uit ons (immunologisch) onderzoek is naar voren gekomen dat deze therapie een 
bepaalde subpopulatie van deze cellen, de zgn. helper 1 (interferon(IFN)-y producerende) T 
cellen, die geacht worden een ziektebevorderende rol te spelen, relatief intact laat (hoofdstuk 
7). Dit zou dan ook de afwezigheid van een klinisch effect kunnen verklaren. Andere typen 
behandelingen zijn gericht op de onderdrukking van (vermeende) ziektebevorderende 
cytokinen, zoals tumor necrosis factor(TNF)-a. Uit onderzoek van anderen is gebleken dat 
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pentoxifylline, een middel dat de produktie van dit cytokine zou remmen, geen effect heeft op 
de ziekte. In overeenstemming hiermee tonen wij aan dat (kortdurende) behandeling met dit 
middel geen invloed heeft op de immuunfunctie van MS patiënten (hoofdstuk 4). 

Een van de (weinige) middelen waarvan wel een klinisch effect is aangetoond, het zgn. 
interferon(IFN)-ß, blijkt zowel in celkweeksystemen (hoofdstuk 5) als in patiënten zelf 
(hoofdstuk 6) de produktie van cytokinen die activatie van het immuunsysteem onderdrukken 
(immuunsuppressieve cytokinen), te stimuleren. Tevens lijken er aanwijzingen te zijn dat de 
door IFN-ß gestimuleerde produktie van het immuunsuppressieve cytokine interleukine(IL)-
10 in celkweeksystemen samenhangt met de door IFN-ß therapie veroorzaakte produktie van 
IL-10, gemeten in het bloed van behandelde patiënten. 

Tenslotte toont ons onderzoek aan dat er voorafgaande aan een (tijdelijke) verhoging 
van de ziekteactiviteit in MS patiënten er een toename is van cellen die ziektebevorderende 
cytokinen produceren. Toekomstig onderzoek zal moeten uitwijzen of deze immunologische 
parameters van nut kunnen zijn voor het voorspellen van veranderingen in ziekteactiviteit, en 
of zij ook een rol zouden kunnen spelen in de selectie van MS patiënten voor bepaalde 
therapieën. 
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