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SUMMARY

 

Interferon (IFN)-

 

b

 

 reduces the biological activity of multiple sclerosis (MS), a presumably T cell-
mediated autoimmune disease of central nervous system (CNS) myelin. Co-stimulatory molecules are
necessary for full T cell activation and differential expression of co-stimulatory molecules on antigen-
presenting cells is thought to influence the type of effector T cell response (Th1/Th2). In this study we
investigated the effects of IFN-

 

b

 

 on the expression of co-stimulatory molecules on lymphocytes and
monocytes as a potential mechanism of action of IFN-

 

b

 

 in MS. Peripheral blood mononuclear cells
(PBMCs) were stimulated with IFN-

 

b

 

 

 

in vitro

 

 and expression of CD80, CD86, CD40 and HLA was
examined by flow cytometry and reverse-transcription polymerase chain reaction. Whereas IFN-

 

b

 

 had
no effect on the expression of these molecules on T  and B lymphocytes there was a significant increase
on monocytes. Correspondingly, the expression of mRNA increased after 6–18 h. This 

 

in vitro

 

 response
was also observed in untreated MS patients and patients receiving treatment with IFN-

 

b

 

. The increase
of co-stimulatory molecules on monocytes was not mediated by interleukin (IL)-10. When IFN-

 

b

 

-
stimulated monocytes were used to stimulate autologous T cells an increased secretion of IL-13 was
observed. In biopsies taken from IFN-

 

b

 

-induced skin reactions after subcutaneous injection increased
expression of CD80 mRNA was detected, indicating that IFN-

 

b

 

 also up-regulates this co-stimulatory
molecule 

 

in vivo

 

. These data provide the background for further studies of IFN-

 

b

 

-induced changes of
co-stimulatory molecules in MS patients.
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INTRODUCTION

 

Multiple sclerosis (MS) is thought to be a T cell-mediated autoim-
mune disease with peripherally activated T lymphocytes entering
the central nervous system (CNS) and causing immune-mediated
demyelination and tissue destruction [1]. T cell activation requires
recognition of antigen presented by MHC molecules on antigen-
presenting cells (APC) as well as additional co-stimulatory sig-
nals, particularly CD80 and CD86 [2]. Differential expression of
co-stimulatory molecules on APCs is thought to play an impor-
tant role in directing the T cell response to proinflammatory or
regulatory effector functions [2–5]. In animal models of organ-
specific autoimmune diseases it has been shown that aberrant
expression of co-stimulatory molecules in the tissue is sufficient

for the initiation of an autoimmune response [6]. Increased
expression of CD80 was observed in early active lesions of MS
brain [7]. Mononuclear cells expressing CD40 have been found in
perivascular infiltrates in MS and experimental autoimmune
encephomyelitis (EAE) but not in normal tissue [8]. Further evi-
dence that co-stimulatory molecules have functional importance
in CNS autoimmune disease arises from studies in EAE, where
blockade of co-stimulatory molecules CD80, CD86 and CD40 was
shown to prevent or ameliorate disease [9–11]. As a consequence,
the fusion molecule CTLA-4 Ig, which blocks the CD80 and
CD86 pathway, is now evaluated as potential therapy in MS, while
its effectiveness in rheumatoid arthritis has already been demon-
strated [12].

Interferon (IFN)-

 

b

 

 has been shown to reduce the biological
activity of relapsing–remitting MS in several clinical class I tri-
als [13–15]. Type I IFNs are produced by almost all cells in the
organism in response to viral infection [16,17]. They were first
used in MS in view of the propensity of viral infections to trig-
ger relapses. Recent data, however, suggest that their mecha-
nism of action is immunological and complex [16–18]. Type I
IFNs protect T cells from apoptosis [19] and are antiprolifera-
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tive by inhibiting cell cycle progression [20]. Although IFN-

 

b

 

has been used widely in the treatment of MS for several years,
the mechanism of action is not well understood. Putatively,
IFN-

 

b

 

 inhibits the migration of leucocytes across the blood–
brain barrier [21–23] and induces alterations of cytokine pro-
duction [24–27].

Despite the proven beneficial effect of IFN-

 

b

 

 in large clinical
trials, many patients do not respond to IFN-

 

b

 

 therapy. Therefore
it is important to find predictive laboratory markers for the clin-
ical response in individual patients. We have shown previously
that IFN-

 

b

 

 enhances the expression of co-stimulatory molecules
on dendritic cells and the stimulatory capacity of DCs [28]. In this
study  we  analysed  the  effects  of  IFN-

 

b

 

 on  the  expression  of
co-stimulatory molecules on lymphocytes and monocytes, as
these cells are easily accessible for routine analysis. Because an
increased expression of co-stimulatory molecules was induced by
stimulation with IFN-

 

b

 

 of monocytes we examined further the
mechanism and functional relevance on T cells. To confirm that
IFN-

 

b

 

 has similar effects on the expression of co-stimulatory mol-
ecules 

 

in vivo

 

 we examined tissue from IFN-

 

b

 

-induced injection
site reactions (ISR) by reverse-transcription polymerase chain
reaction (RT-PCR).

 

METHODS

 

Cell preparation and stimulation

 

Peripheral blood mononuclear cells (PBMCs) were isolated
from 10 ml heparinized venous blood from 15 healthy donors
(11 female, four male, mean age 37 

 

±

 

 4), five untreated MS
patients (four female, one male, mean age 40 

 

±

 

 4, duration of
disease 5 

 

±

 

 2 years) and seven patients receiving treatment
with IFN-

 

b

 

 (five female, two male, mean age 43 

 

±

 

 5, duration
of disease 7 

 

±

 

 3 years, duration of treatment 15 

 

±

 

 4 months) by
Ficoll gradient centrifugation. T lymphocytes and monocytes
were purified further by negative selection using magnetic
beads coated with CD22/CD56 and/or CD2 antibodies (Dynal,
Hamburg, Germany). Cells were cultured in RPMI-1640 sup-
plemented with 10% fetal calf serum (FCS), 1% HEPES
buffer, 1% 

 

L

 

-glutamine and 1% penicillin/streptomycin at
1 

 

¥ 

 

10

 

6

 

/ml in humidified air containing 5% CO

 

2

 

 at 37

 

∞

 

C. After
stimulation of cells with IFN-

 

b

 

1b (0·1–10·000 U/ml, Betaferon,
Schering AG, Berlin, Germany; batch number 63211–049) for
24, 48, 72, 96 or 120 h cells were harvested and prepared for
flow cytometry analysis.

To investigate functional differences of IFN-

 

b

 

-stimulated
monocytes autologous T cells were co-cultured with negatively
selected monocytes. Monocytes were stimulated with or with-
out 1000 U/ml IFN-

 

b

 

 for 48 h, washed twice and irradiated at
5000 rad; 2 

 

¥

 

 10

 

4

 

 monocytes were incubated with 2 

 

¥

 

 10

 

5

 

 auto-
logous T cells in 96-well round-bottomed microtitre plates
(Nunc, Wiesbaden, Germany) in medium containing 10%
autologous serum for 96 h. Secretion of interleukin (IL)-5, IL-
13 and IFN-

 

g

 

 was measured after 2 days in cell culture superna-
tants. T cell proliferation was measured after 4 days by BrdU
incorporation assay (Roche, Mannheim, Germany) using a
colourimetric detection system with absorbance at 450 nm, fol-
lowing the manufacturer’s instructions. Materials and methods
for the enzyme-linked immunosorbent assay (ELISA) tech-
nique have been described previously [28].

To investigate whether the effects of IFN-

 

b

 

 were mediated by
IL-10 we added IL-10 blocking antibody (purified rat antihuman

IL-10 monoclonal antibody, clone JES3–19F1, Pharmingen, at
2 

 

m

 

g/ml) or recombinant IL-10 (recombinant human IL-10, Bec-
ton Dickinson/Pharmingen, Mountain View, CA, USA, at 25 and
100 ng/ml) during stimulation with IFN-

 

b

 

 for 48 h. In order to
investigate whether the IFN-

 

b

 

 effects were mediated via the IFN-

 

b

 

 receptor, IFN-

 

b

 

 receptor blocking antibody (clone MMHAR-2,
PBL BioMedical Laboratories, Piscataway, NJ, USA) was added
at 4 

 

m

 

g/ml during stimulation.

 

Skin biopsies

 

Skin biopsies were taken from early visible ISR (median 7 days
after injection) from seven MS patients who received IFN-

 

b

 

1b
(Betaferon, Schering AG, Berlin, Germany) subcutaneously at a
dosage of 8·0 million units on alternate days and from five healthy
subjects who had skin removed for plastic surgery, as described
previously [29].

Informed consent was obtained from all patients and controls
prior to venipuncture or skin biopsy. The study was approved by
the local ethics committee.

 

Flow cytometry analysis

 

Cells were surface phenotyped by labelling with the following
panel of antibodies directed against: CD3 (Cy5, clone UCHT1,
Dako, Hamburg, Germany), CD22 (PE, clone 4KB128, Dako),
CD28 (PE, clone KOLT; ImmunoTools), CD14 (PE, clone
TÜK4; Dako, Hamburg, Germany), CD80 (FITC, clone
MAB104, Immunotech, Heidelberg, Germany), CD86 (FITC,
clone FUN-1, Becton Dickinson/Pharmingen), CD152 (PE,
clone ANC 152·2/8HS, Ancell, Bayport, MN, USA), CD154
(PE, clone 24–31, Bioscience), HLA-DR (PE, clone TÜ36,
Becton Dickinson/Pharmingen, Heidelberg, Germany), CD 40
(PE, clone 5C3, Becton Dickinson/Pharmingen) or isotype con-
trols PE-, Cy5 and FITC-labelled (Dako). Cells were exam-
ined by flow cytometry using a FACScan (Becton Dickinson).
Monocytes and lymphocytes were gated using forward- and
side-scatter characteristics and data were analysed using

 

CELLQUEST

 

 software. Mean fluorescence intensities (MFI) and
percentage of positive cells were determined in order to com-
pare unstimulated and IFN-

 

b

 

-stimulated cells.

 

RT-PCR

 

Expression of co-stimulatory molecules was examined at mRNA
level by RT-PCR as described previously [30]. In addition the fol-
lowing primer pairs were used: CD40 forward: 5

 

¢

 

-AGA AGG
CTG GCA CTG TAC GA-3

 

¢

 

; CD40 reverse: 5

 

¢

 

-CAG TGT TGG
AGC CAG GAA GA-3

 

¢

 

; IL-10 forward: 5

 

¢

 

-AAG CTG AGA
ACC AAG ACC CAG ACA TCA AGG CG-3

 

¢

 

; IL-10 reverse: 5

 

¢

 

-
AGC TAT CCC AGA GCC CCA GAT CCG ATT TTG G-3

 

¢

 

;
HLA-DR forward: 5

 

¢

 

-CTG ATG AGC GCT CAG GAA TCA
TGG-3

 

¢

 

; HLA-DR reverse: 5

 

¢

 

-GTT CGT GAG CAC AGT TAC
CTC TGG-3

 

¢

 

.
PCR cycles were performed at 94

 

∞

 

C for 1 min, annealing at
58

 

∞

 

C for 1 min and extension at 72

 

∞

 

C for 90 s, 35 cycles for co-
stimulatory molecules and IL-10 and 24 cycles for 

 

b

 

-actin and
HLA-DR.

 

Statistical analysis

 

Lymphocytes and monocytes with and without IFN-

 

b

 

 stimulation
were compared using analysis of variance (

 

ANOVA

 

) with 

 

SIGMA-

PLOT

 

 2001 for Windows version 7·0 and 

 

SIGMASTAT

 

 1997 for
Windows version 2·03 software. 

 

P

 

-values 

 

<

 

 0·05 were considered
significant.
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RESULTS

 

In vitro

 

 effects of IFN-

 

b

 

 on expression of co-stimulatory 
molecules

 

To analyse the effects of IFN-

 

b

 

 stimulation on expression of co-
stimulatory molecules on monocytes, B cells and T cells, PBMCs
from healthy donors were isolated and stimulated as described in
Materials and methods. Cells were double-stained with a lineage
marker CD3/CD22/CD14 and CD80/CD40/CD86/HLA-DR.
Lymphocytes and monocytes were gated using forward- and
side-scatter characteristics and analysed by flow cytometry. No
changes in the expression of co-stimulatory molecules were
observed on T  and B lymphocytes; however, IFN-

 

b

 

 induced up-
regulation of the co-stimulatory molecules CD80, CD86, CD40
and of HLA-DR on monocytes (Fig. 1).

Up-regulation of co-stimulatory molecules was dose-
dependent with a maximum effect at a concentration of 1000 U/
ml IFN-

 

b

 

 (Fig. 2a). Higher concentrations of IFN-

 

b

 

 did not result
in a further increase. In healthy subjects the mean percentage of
positive monocytes increased from 60·8 

 

±

 

 6·2% without stimula-
tion to 81 

 

±

 

 6·4% after IFN-

 

b

 

 stimulation for HLA-DR
(

 

P

 

 

 

=

 

 0·004), from 30·1 

 

±

 

 5·6% to 57 

 

±

 

 6·0% for CD40 (

 

P

 

 

 

=

 

 0·003),
from 13·5 

 

±

 

 3·5% to 55·7 

 

±

 

 6·5% for CD80 (

 

P

 

 

 

<

 

 0·001) and
expression of CD86 was up-regulated from 32 

 

±

 

 4·8% to
63·5 

 

±

 

 5·2% (

 

P

 

 

 

<

 

 0·001) (mean 

 

±

 

 s.e.m., 

 

n

 

 

 

=

 

 15).
To investigate the kinetics of the up-regulation of co-stimula-

tory molecules, cells were harvested after 24, 48, 72, 96 and 120 h.
Up-regulation of all molecules was detectable after 24 h and
peaked  at  48  h  (shown  for  CD80  in  Fig. 2b);  therefore  cells
were harvested after 48 h in all further experiments. We also

investigated the effects of IFN-

 

b

 

 on the expression of the CD80/
CD86 ligands CD28 and CTLA-4 and the CD40 ligand CD154.
However, no changes of these ligands could be observed 

 

in vitro

 

(data not shown) and therefore further studies of these molecules
were not performed 

 

ex vivo

 

.
IFN-

 

b

 

-induced up-regulation of co-stimulatory molecules was
also observed in untreated MS patients and was not changed in
patients receiving IFN-b treatment (Table 1), in contrast to stud-
ies with glatiramer acetate (GA) where treatment with GA
reduces the immunological in vitro response to GA [31–33]. The
mean percentage of HLA-DR-positive monocytes in unstimu-
lated cells of MS patients was 62·6 ± 9% (range 13–85%) for
untreated and 63·5 ± 11·5% (range 35–87%) for IFN-b treated
patients; expression of CD86 was 29·4 ± 7% (range 5–41%) for
untreated and 26·4 ± 7·4% (range 8–48%) for IFN-b treated
patients, CD80 was 13·4 ± 4·9% (range 5–56%) for untreated and
7·5 ± 4·1% (range 4–22%) for IFN-b treated patients and baseline

Fig. 1. Expression of CD40, CD80 and CD86 on monocytes with and without stimulation with IFN-b. PBMC were cultivated for 48 h
either without stimulation(black line) or with IFN-b 1000 U/l (grey line). Monocytes were gated using forward- and side-scatter character-
istics and analysed by flow cytometry for expression of HLA-DR, CD86, CD80 and CD40 (x-axis). Results are representative of 15
independent experiments (PBMCs from 15 healthy donors).
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Table 1. Comparison of the increase of co-stimulatory molecules on 
monocytes of untreated MS patients (MS, n = 5) and MS patients under 
treatment with IFN-b (MS/IFN-b, n = 7). PBMCs were stimulated with 
IFN-b (1000 U/ml) for 48 h. Net changes are shown as percentage of 

positive cells ± s.e.m.

HLA CD86 CD80 CD40

MS 13 ± 4 18 ± 3 23 ± 2 15 ± 3
MS/IFN-b 14 ± 6 14 ± 32 34 ± 7 17 ± 5
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expression of CD40 was 29·8 ± 8·8% (range 8–67%) for untreated
and 15·5 ± 4·4% (range 2–32%) for IFN-b treated patients. There
were no statistically significant differences between the baseline
expression of co-stimulatory molecules on monocytes in healthy
controls when compared to MS patients; however, high interindi-
vidual variability could be observed. Due to alterations of expres-
sion of cell surface molecules, including co-stimulatory molecules
by Ficoll separation (unpublished data), comparison of the base-
line values should be interpreted with caution.

To examine whether the up-regulation of co-stimulatory
molecules after stimulation with IFN-b is transcriptionally
regulated we further measured the expression of mRNA for
co-stimulatory molecules by RT-PCR. As shown in Fig. 3a,
mRNA expression of CD80, CD86 and CD40 increased after
IFN-b stimulation after 6–18 h. Similar to the effects on sur-
face expression, IFN-b induced the most prominent increase
of mRNA of CD80. This effect was also dose-dependent
within the tested range for CD80 (Fig. 3b), whereas for CD86

and CD40 mRNA expression was not clearly dose-dependent
in three experiments (not shown).

To investigate functional differences in IFN-b-stimulated
monocytes we co-cultured autologous T cells with monocytes as
described in Materials and methods. No changes were observed
for T cell proliferation or secretion of IL-5 or IFN-g. However,
IFN-b-stimulated monocytes induced an increased T-cell secre-
tion of IL-13 in three of four independent experiments, mean
14·9 ± 5·3, compared to unstimulated monocytes, mean 4·5 ± 2·8
(Table 2). This difference was not statistically significant
(P = 0·08). When antigen-pulsed (tetanus toxoid) monocytes
were used under these conditions similar results were obtained
(data not shown).

Up-regulation of co-stimulatory molecules on monocytes is 
mediated via the IFN-b receptor and not dependent on 
lymphocyte–monocyte interaction
To investigate further the mechanism of IFN-b-induced up-
regulation of co-stimulatory molecules we tested whether IFN-b
induces this effect directly on monocytes or whether lymphocyte–
monocyte interaction is necessary. When monocytes were sepa-
rated from lymphocytes with magnetic beads and stimulated with
IFN-b a similar effect on co-stimulatory molecules was observed,
indicating that interaction with lymphocytes is not required
(Fig. 4a,b). When PBMCs or isolated monocytes were incubated
with IFN-b in the presence of type I IFN-receptor (IFN-R) block-
ing antibody the IFN-b induced up-regulation of co-stimulatory

Fig. 2. (a) Dose-dependency of IFN-b induced up-regulation of CD86,
CD80, CD40 and HLA-DR on monocytes. PBMCs were stimulated with
IFN-b at concentrations from 0 to 10 000 U/ml for 48 h. (b) Kinetics of
IFN-b induced up-regulation of co-stimulatory molecules. PBMCs were
stimulated with IFN-b 1000 U/ml for 24, 48, 72, 96 and 120 h. Net changes
of expression of CD80 are shown. For all experiments monocytes were
gated using forward- and side-scatter characteristics and analysed by flow
cytometry for expression of HLA-DR (squares), CD86 (diamonds), CD80
(open circles) and CD40 (open triangles). Mean values and standard error
from three independent experiments are shown. *P < 0·05, **P < 0·001.
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molecules was inhibited, indicating that the effect is receptor
mediated (Fig. 4a,b).

Up-regulation of co-stimulatory molecules on monocytes is not 
mediated by IL-10
As IFN-b has been shown to induce IL-10 in vitro and in vivo
[26,27,34] we asked whether induction of IL-10 secretion by IFN-
b is responsible for the up-regulation of co-stimulatory molecules

on monocytes. When IL-10 blocking antibody was added no
changes in the expression of CD40, CD86 and HLA-DR were
observed, while the expression of CD80 increased even further.
When recombinant IL-10 was added to PBMCs expression of
CD80, CD86 and CD40 remained unchanged (Fig. 4c,d), while
expression of HLA-DR was down-regulated (not shown). There-
fore IL-10 does not play a role in IFN-b-mediated up-regulation
of co-stimulatory molecules.

Up-regulation of CD80 in IFN-b-induced ISR
In order to determine whether up-regulation of co-stimulatory
molecules can also be observed in vivo, we examined mRNA
expression of CD80, HLA-DR and IL-10 by semiquantitative RT-
PCR in IFN-b-induced ISR. mRNA for all molecules was
detected in normal skin.

Expression of b-actin mRNA was equal in IFN-b-induced ISR
and normal skin, while CD80 and IL-10 mRNA expression was
increased significantly in ISR compared to normal skin (Fig. 5).
HLA-DR mRNA up-regulation was not seen in all patients and
median values were not statistically different between ISR and
normal skin. These data show that IFN-b also induces a significant
up-regulation of CD80 co-stimulatory molecule after injection in
vivo.

Table 2.  Stimulatory capacity of IFN-b-stimulated monocytes. Mono-
cytes (M) were stimulated with or without IFN-b for 48 h (M/IFN-b) and 

used as stimulator cells for autologous T cells (T). BrdU incorporation 
(proliferation) was measured after 4 days (n = 6). IL-5, IL-13, and IFN-g  
secretion was measured by ELISA after 2 days (n = 4). Mean values and 

s.e.m. are shown

T M T + M T + M/IFN-b

BrdU 0·25 ± 0·07 0·05 ± 0·003 0·29 ± 0·03 0·3 ± 0·04
IL-13 2·8 ± 2·75 0 4·5 ± 2·8 14·9 ± 5·3
IL-5 0 0 0 0
IFN-g 7·8 ± 7·8 0 0 0

Fig. 4. Mechanisms of IFN-b-induced up-regulation of co-stimulatory molecules. (a) Blocking of IFN-b receptor reverses IFN-b-mediated
up-regulation of CD80. PBMC were cultivated for 48 h, without stimulation (black line) with IFN-b 1000 U/l (grey line) or with IFN-b
1000 U/l and anti-IFN receptor antibody 4 mg/ml (IFN-R antibody: dotted line). (b) IFN-b increases CD80 expression on isolated mono-
cytes. Monocytes were negatively selected using magnetic beads coated with CD2/CD22/CD56 and cultivated for 48 h, without stimulation
(black line) with IFN-b 1000 U/l (grey line) or with IFN-b 1000 U/l and anti-IFN receptor antibody 4 mg/ml (IFN-R antibody: dotted line).
(c) IL-10 does not increase expression of CD80. PBMCs were cultivated for 48 h without stimulation (black line) or with IL-10 100 mg/ml.
(d) Anti-IL-10 does not reverse IFN-b-induced up-regulation of CD80. PBMCs were cultivated for 48 h without stimulation (black line)
with IFN-b 1000 U/l (grey line) or with IFN-b 1000 U/l and blocking IL-10 antibody 4 mg/ml (IL-10 antibody: dotted line). Percentage of
positive cells was measured by flow cytometry by staining with respective antibodies as described in Materials and methods. Results are
representative of three independent experiments.
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DISCUSSION

In this study we investigated the effects of IFN-b on the expres-
sion of co-stimulatory molecules on PBMCs in healthy controls
and patients with MS. We show that IFN-b increases the expres-
sion of co-stimulatory molecules on monocytes but not on lym-
phocytes via direct interaction with the high-affinity IFN-b
receptor. This effect is not dependent on lymphocyte–monocyte
interaction or on IL-10. Up-regulation of mRNA expression indi-
cates that up-regulation is transcriptionally regulated. When IFN-
b-stimulated monocytes were used to stimulate autologous T cells
increased secretion of IL-13 was observed. IFN-b also increases
the expression of CD80 in vivo, as shown by elevated levels of
CD80 mRNA in tissue from IFN-b skin injection sites.

The role of co-stimulatory molecules in MS is not well under-
stood. However, several studies indicate that increased expres-
sion, particularly of CD80 and CD40, might be of relevance in the
pathogenesis. In MS CD80 expression is up-regulated on T lym-
phocytes in brain and B lymphocytes in cerebrospinal fluid (CSF)
in early disease or during acute illness, while CD86 expression
was also detected in inflammatory ischaemic infarcts and in stable
MS [7,35,36]. Similarly, mononuclear cells expressing CD40 have
been found in perivascular infiltrates in MS and EAE but not in
normal tissue [8], and CD40 mRNA expression was increased in
PBMCs in MS patients [37]. In EAE, in most studies blockade of
CD80 and CD86 resulted in amelioration or suppression of dis-
ease, but disease exacerbation has also been reported [38]. In
Theiler’s encephalomyelitis, blockade of CD80 but not CD86
resulted in suppression of disease indicating that in this animal
model CD80 also has an important role in the disease pathogen-
esis [39]. On first view our data showing IFN-b-induced expres-
sion, particularly of CD80, seems to conflict with these findings.
However, IFN-b induces expression of co-stimulatory molecules
only on monocytes but not on T cells or B cells, whereas in MS
brain CD80 is expressed mainly on T cells [7]. In a recent study of

the effects of IFN-b treatment on expression of co-stimulatory
molecules ex vivo a decrease of CD80 expression on monocytes
was reported in relapsing–remitting but not in secondary–pro-
gressive MS (n = 6). This effect was seen only after 12 months of
treatment, whereas the values at 3, 6 and 9 months were not dif-
ferent [40]. The significance of these findings, particularly with
regard to larger patient groups and clinical response to therapy, is
as yet unclear.

The cellular expression patterns of co-stimulatory molecules
are likely to play a role not only in the regulation of the immune
response, but also of their ligands CD28 and CTLA-4. Whereas
CD28 ligation induces activation, IL-2 secretion and clonal
expansion, ligation of CTLA-4 has down-regulatory effects [41].
IFN-b has the potential to induce regulatory cytokines via its
effect on APCs. When IFN-b stimulated monocytes were used as
antigen-presenting cells to stimulate autologous T cells, cytokine
secretion of IL-13 was increased in three of four experiments. This
finding indicates that the IFN-b-induced effects on monocytes are
functionally relevant in the activation of T cells by altering the
pattern of cytokine secretion. Similar effects were seen in previ-
ous experiments when dendritic cells (DCs) were used as APCs.
We showed that IFN-b increases the expression of co-stimulatory
molecules during maturation of dendritic cells resulting in an
enhanced cytokine secretion of IL-13 and IL-5 in DC-stimulated
autologous T cells [28]. The stimulatory capacity of monocytes is
much weaker when compared to DCs and is usually not sufficient
to induce a primary T cell response. It is therefore interesting that
in our experiments IFN-b seemed to increase the stimulatory
capacity of monocytes, resulting in increased IL-13 secretion of
autologous T cells. It will also be of interest to follow-up on this
finding in MS patients using antigen-specific T cell lines or clones
as responder cells to increase the sensitivity. Our results so far
would support the hypothesis that one mechanism of action of
IFN-b is by altering the stimulatory function of APCs and the
resulting T cell response in the periphery.

In human myeloid DCs type I IFN did not induce IL-12, but
augmented IL-10 production and priming of regulatory T cells [42].
When IFN-b is injected into the skin, resident Langerhans cells, a
member of the DC family, are exposed to high local concentrations
of IFN-b. Therefore the effects of IFN-b on DCs might be of par-
ticular relevance for its immunomodulatory function in vivo.

The in vivo effects of IFN-b are also influenced by spatial and
temporal expression patterns of the co-stimulatory molecules.
CD86 is expressed constitutively on monocytes and B-cells and is
up-regulated on T cells early after activation, whereas expression
of CD80 is more restricted [43,44]. In EAE, using single versus
multiple injections of CTLA-4 Ig it was shown that there are
essential timing requirements for the co-ordinated interaction of
CD80 and CD86 and CD28 family receptors, and that disruption
of this critical timing can have opposing results on the outcome of
an immune response [5]. Moreover, there are qualitative differ-
ences in the signals induced by CD80 and CD86, as CD86 but
not CD80 was shown to co-stimulate preferentially the initial
production of IL-4 [3]. Taken together, there is evidence that
up-regulation of co-stimulatory molecules by IFN-b might have
immunoregulatory anti-inflammatory effects in autoimmune dis-
ease depending on multiple factors including type of APC,
expression of T cell ligands, local factors at injection site as well as
timing requirements.

We investigated further the mechanism of IFN-b-induced up-
regulation of co-stimulatory molecules in vitro. We show that the

Fig. 5. mRNA expression of HLA-DR, IL-10 and CD80 in interferon-1b
injection site reactions (black bars) compared to healthy control skin
(white bars); mean data of all seven patients and three healthy controls
and standard errors are shown. Results are shown in relation to the cor-
responding b-actin signal. The mRNA for HLA-DR, CD80 and IL-10 is
induced at the injection sites.
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effect is mediated directly via the IFN-b receptor as it can be
abrogated by receptor blocking antibodies. There is no difference
in the response to IFN-b when PBMCs or negatively isolated
monocytes are used, indicating that lymphocyte–monocyte con-
tact is not necessary.

Another question was whether the effect is mediated by IL-
10, as several studies have reported an up-regulation of IL-10 by
IFN-b both in vitro and in vivo [26,27,34,45] and IL-10 has been
shown to influence the activation of T cells through the CD28–
CD80/86 pathway [46]. When IL-10 was blocked during IFN-b
stimulation, IFN-b-induced up-regulation of CD80 was enhanced
even further, while expression of the other co-stimulatory
molecules  was  not  significantly  changed,  indicating  that  the
up-regulation of co-stimulatory molecules on monocytes by IFN-
b is independent of its effects on IL-10 secretion.

In patients treated with GA, another immunomodulatory
treatment for MS, down-regulation of the in vitro response to GA
has been observed [31–33] and changes in the in vitro response
have been correlated with the clinical response to therapy [47].
We therefore examined whether the in vitro response to IFN-b
would be altered during treatment with IFN-b in MS patients.
When comparing the IFN-b-induced up-regulation of co-
stimulatory molecules in untreated and IFN-b-treated MS
patients there was no difference, indicating that reactivity of
monocytes to IFN-b in vitro does not change during IFN-b
treatment.

In order to investigate whether similar IFN-b-induced
changes seen in our cell  culture experiments could be observed
in vivo, we examined mRNA expression of HLA-DR, CD80 and
IL-10 in IFN-b-induced skin lesions (ISR). ISR occurs frequently
(5%) in patients treated with subcutaneous IFN-b1b
(Betaferon®) or IFN-b1a (Rebif®) [48]. The severity varies greatly
between individuals, ranging from mild inflammatory responses
to rare cutaneous necroses (eight of 150 000 injections). The
mechanisms of injection site inflammation are unknown. They are
currently thought to represent an inflammatory response to IFN-
b  [49]. The histopathological  examination of the skin lesions
used in this study showed a perivascular infiltration of activated
(HLA-DRa+ CD3+) T cells (>90%) and CD68+ macrophages and
increased expression of adhesion molecules ELAM-1 and
VCAM-1 on endothelial cells. Mast cells and Langerhans cells
were unchanged compared to normal skin (Hilse et al., manu-
script in preparation). In this study we found a strong up-
regulation of CD80 and IL-10 mRNA expression, indicating that
IFN-b also induces expression of CD80 in vivo. Up-regulation of
CD80 expression in skin, however, is not a specific effect of IFN-
b but has also been observed in other inflammatory skin diseases,
e.g. psoriasis, allergic contact dermatitis or lichen planus [49,50].
In these diseases expression of CD80 was detected mainly on
APCs and not on T cells. Due to our limited sample size it was not
possible to conduct further immunostaining on our biopsies and
determine which cells up-regulate CD80 expression in ISRs.
Because similar ISRs were not observed in patients receiving pla-
cebo in the large multicentre studies [14,15], it can be assumed
that the effect is mediated by IFN-b and not other compounds in
the injection solution. Our finding of IFN-b-induced expression of
CD80, however, does not explain why only a small percentage of
patients develops the ISR.

In conclusion, it can be hypothesized that the timed and dif-
ferential up-regulation of co-stimulatory molecules by IFN-b  in
vivo  on  monocytes  and  DCs  influence  the  secretion  of  IL-13,

IL-5 and IL-10 and other regulatory T cell effector functions that
might mediate the therapeutic effect of IFN-b in MS. To test this
hypothesis, further studies are now under way in our clinic to
determine changes of co-stimulatory molecules directly ex vivo
from peripheral blood monocytes before and during IFN-b ther-
apy and to correlate these changes with the clinical course of dis-
ease. Because monocytes can be obtained easily from patients the
examination of co-stimulatory molecules might be a valuable
immunological marker during IFN-b therapy.
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